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REPORT 


OF 


THE   CHIEF  OF  ENGINEERS 


Office  of  the  Chief  of  Engineers, 
Washington,  D.  C,  October  19, 1878. 

Sm:  I  have  the  honor  to  present  for  your  information  the  following 
report  ui>on  the  duties  and  operations  of  the  Engineer  Department  for 
the  fiscal  year  ending  June  30, 1878 : 

OFFICERS  OF  THE  CORPS  OF  ENGINEERS. 

The  number  of  officers  holding  commissions  in  the  Corps  of  Engineers, 
Unitwl  States  Army,  at  the  end  of  the  fiscal  year  was  106  on  the  active 
list  and  5  on  the  retired  list,  the  latter,  however,  under  the  law  of  Jan- 
uary 21,  1870,  not  being  available  for  duty.  In  the  duties  devolving 
upun  the  corps  by  law  and  by  its  organization,  the  employment  of  a 
immber  of  scientists  and  a^istant  engineers  has  been  necessary. 

Since  last  annual  report  the  corps  has  lost  by  death  two  of  its  officers, 
Lieut  Col.  John  D.  Kurte,  who  died  at  Georgetown,  D.  C,  October  16, 
1877;  and  Capt.  A.  H.  Bumham,  who  died  at  Ix)weli,  Mass.,  September 
12, 1877.  One  officer,  First  Lieut.  Edgar  W.  Bass,  resigned  May  2, 1878, 
to  accept  appointment  as  professor  of  mathematics  at  the  United  States 
Military  Academy. 

There  have  been  added  to  the  cori>s,  by  promotion  of  graduates  of  the 
Military  Academy,  two  second  lieutenants,  whose  commissions  date  from 
June  15,  1878,  but  who  did  not  become  available  for  duty  till  after  the 
close  of  the  year,  and  are,  therefore,  not  included  in  the  strength  of  the 
corps. 

On  the  30th  June,  1878,  the  officers  were  distributed  as  follows : 

Od  doty,  Office  Chief  of  Engineers,  inclnding  the  chief .* 4 

Oa  duty.  Office  Chief  of  Engineers,  Puhlic  Buildings  and  Grounds,  District  of 

Colmnbia 1 

On  duty,  fortifications 3 

On  duty,  fortifications  and  light-house  duty 3 

On  duty,  fortifications  and  river  and  harbor  works 14 

On  duty,  fortifications,  river  and  harbor  works,  and  light-house  duty 4 

On  dnty,  river  and  harbor  works 22 

On  duty,  river  and  harbor  works  and  light-house  duty 5 

On  duty,  survey  Northern  and  Northwestern  Lakes  and  Mississippi  River 5 

On  duty,  jetties  at  month  of  Mississippi  River 1 

On  duty,  explorationa  of  country  west  of  one  hundredth  meridian 5 

On  duty  wiUi  battalion  of  eng^iueers ; 11 

On  duty  with  battalion  of  engineers  and  fortifications , 1 

On  duty  with  battalion  of  engineers  and  at  Military  Academy 2 

On  staAs  of  generals  commanding  divisions  and  departments  and  on  river  and 

harbor  works 2 

Detached  on  dnty  with  the  General  of  the  Army,  generals  commanding  divisions 

and  departments,  li^bt-house  establishment,  Military  Academy,  Department  of 

State,  and  the  Board  of  Commissioners  of  the  District  of  Columbia 19 

On  leave  of  abseuee 3 

Sogpeuded 1 

Total lOJ 


4  REPORT    OF   THE   CHIEF   OF   ENGINEERS. 

SEA-COAST  AND  LAKE-FRONTIER  DEFENSES. 

During  the  past  fiscal  year  work  upon  our  sea-coast  defenses  has  been 
limited  to  oi)eration8  for  the  care  and  i^resen^ation  of  the  works  only, 
no  appropriations  being  available  to  continue  to  completion  the  batteries 
already  begun. 

The  system  to  govern  the  future  construction  of  our  works  was  elabo- 
rated in  1869  and  will  be  found  stated  in  detail  in  Executive  Document 
No.  271,  House  of  Representatives,  Forty-first  Congress,  second  session, 
where  it  will  be  seen  the  system  received  the  approval  of  the  General  of 
the  Army  and  the  Secretary  of  War,  and  since  then  has  been  repeatedly 
indorsed  by  the  action  of  Congress. 

The  main  features  of  this  system  are  the  use  of  heavy  earthen  bar- 
bette batteries,  \\ith  parados  and  traverses,  of  heavj-  mortar  batteries, 
and  of  obstructions  in  the  channels  (mainly  electrical  tori>edoes)  to  hold 
vessels  from  running  past  the  batteries  and  reaching  the  cities  or  depots 
beyond  them.  The  modification  of  the  casemates  of  our  masonry  fort« 
was  at  that  time  deemed  premature,  it  being  then  thought  preferable  to 
await  the  further  development  of  iron-clail  fleets  and  their  armaments 
and  to  take  advantage  of  the  experience  of  foreign  nations. 

From  1869  to  1875,  while  appropriations  for  coast  defense  were 
granted  by  Congress,  much  progress  was  made  in  earthen  barbette  bat- 
teries for  heavy  guns  and  mortars ;  and  further,  a  system  of  defense  by 
torpedoes — a  subject  of  continuous  study  up  to  this  time— has  been 
developed  which  only  requires  a  sufficiency  of  material  and  trained  men 
to  put  it  into  practice  when  needed.  But  torj^edo  defense,  however 
efficient  in  itself,  cannot  stand  alone ;  the  torpedoes  must  be  protected 
by  shore  batteries.  Unfinished  earthen  batteries,  however,  provided 
with  a  small  fraction  only  of  the  number  of  guns  for  which  they  were 
designed,  and  those  of  insufficient  caliber,  and  mortar  batteries  without 
mortars,  though  aided  by  torpedoes,  will  form  but  a  feeble  defense 
against  the  powerful  fleets  prepared  and  now  being  prepared  to  take 
the  high  seus. 

The  great  powers  of  Europe  do  not  place  their  reliance  on  barbette 
batteries.  They  believe  in,  and  are  constructing,  casemated  forts,  some 
of  which  are  proAided  witli  wrought-iron  scarps  and  others  with  iron 
casemate-shields  to  protect  the  gun,  and  gunners  serving  it,  both  from 
direct  and  curved  tire.  This  department^  while  recommending  and 
urging  the  construction  of  barbette  batteries  as  an  initiatory  means  of 
obtaining  by  comparatively  small  expenditures  a  partial  defense  for  the 
numerous  exposed  harbors  of  our  coast,  has  always  insisted  that  the 
efficient  ser\' ice  of  the  large  guns  mounted  in  them  woidd  require  high 
parapets  and  depi*essing  or  counteqwise  carriages.  It  has  also,  from 
the  beginning,  looked  forward  to  the  ultimate  conversion  of  some  of  our 
casemated  forts,  which  would  admit  the  change,  for  the  reception  of 
guns  of  the  largest  caliber,  and  to  the  possible  construction  of  new 
works.  Within  the  past  two  years,  in  furtherance  of  these  \4ews,  a 
large  casemated  fort  has  been  designed  to  take  the  i)lace  of  old  Fort  La- 
fayette at  the  Narrows  entrance  to  New  York  Harbor.  Plans  also  have 
been  prepared  for  modifying  the  casemates  of  Fort  Schuyler  on  the  East 
River,  and  for  completing  Fort  Carroll  on  the  approaches  to  Baltimore. 
The  modification  of  other  casemated  works  is  now  a  subject  of  study. 
It  will  require  much  time  and  large  expenditures  to  make  the  foregoing 
modifications,  and  to  complete  our  barbette  and  mortar  batteries  and 
furnish  them  with  suitable  armaments.  It  woiUd  be  but  an  act  of  pru- 
dence to  make  the  beginning  without  delay.  The  disasters  of  the  first 
tlii-ee  months  of  a  war  under  the  jiresent  condition  of  our  defenses  might 
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cost  the  nation  tenfold  the  exj^enditiire  tliat  would  be  neede<l  to  thor- 
oughly protect  our  coast  against  attack.  Our  great  cities,  New  York, 
Philadelphia,  Boston,  San  Francisco,  New  Orleans,  Baltimore,  and 
Washington,  should  they  fall  into  the  hands  of  an  enemy,  would  suft'er 
ten  times  more  than  the  cost  of  all  the  forts  necessary  to  secure  them 
against  such  disaster.  But  such  reverses  woiUd  also  be  great  calamities 
to  the  nation,  crippling  it«  war  i)ower. 

NVTien  the  great  change  in  ships  and  their  armaments  was  initiated, 

Great  Britain  did  not  hesitate  to  appropriate  $40,000,000  for  the  defense 

of  it«i  most  inii)ortant  harbors,  and  in  addition  she  has  already  expended 

about  $60,000,000  ui)on  her  iron-clad  fleet.    We  may  well  profit  by  her 

esLample.     There  is  nothing  so  costly  to  a  nation  as  a  lack  of  preparation 

for  war.     In  fact,  to  be  prepared  for  war  will  often  prevent  it;  and 

though  we  may  not  feel  the  daily  imminence  of  war  with  great  foreign 

powers,  as  England  did,  yet  with  incomplete  or  inade<piately  armed 

defenses  for  oiu*  great  sea-port  cities,  even  the  attitude  of  belligerency, 

which  we  not  unfrequently  have  to  assiune,  has  not  the  imx>osing  eftect  it 

should  have,  nor  is  it  accompanied  with  a  justly  founded  self-c(mfidence 

on  our  own  part.    The  neglect  of  suitable  preparation  cost  France  many 

millions  of  treasure,  a  jK^rtipn  of  her  territory,  and  a  great  humiliation. 

The  same  must  inevitably  happen  to  the  United  States  if  it  does  not 

push  forward  its  coast  defenses  and  provide  them  with  guns  like  those 

possessed  not  oiily  by  the  great  powers,  but  even  by  smaller  nations. 

Thiit  our  forts  should  l)e  efficient  we  must  have  guns  of  power  not 
inferior  to  those  that  will  he  brought  to  contend  with  them.  These  guns 
must  have  a  protection — ^whether  by  earthen  parai)et  and  depressing 
carriage  or  by  iron  armor — ^no  less  etficient  than  that  which  protects  the 
hostile  gun. 

Out  system  of  torpedo  defense  must  rely  upon  forts  for  protection, 
otherwise  it  would  be  rendered  harmless.  It  would  be  speedily  destroyed 
by  an  enemy  if  one  of  its  iron -clad  fleets  were  suffered  to  approach 
it  anopi)osed.  It  is,  therefore,  by  the  combination  of  the  two  systems, 
viz,  the  torpedo  defense  and  shore  batteries,  that  our  harbors  can  be 
made  secure  against  the  jwwerful  iron-clads  of  the  present  day  in  the 
event  of  a  war  with  a  maritime  nation. 

It  ame^ms  the  honor  of  the  United  States,  when  involved  in  contro- 
vffsy  with  other  jwwers,  to  be  able  to  appeal  to  the  sword,  but  that 
^I)eal  should  be  accompanied  by  the  consciousness  that  the  weapon 
ippealed  to  would  not  be  inferior  to  that  held  by  the  adversary-.  This 
relation  of  inferiority  may  at  present  exist  though  the  adversary  be  a 
comparatively  weaker  power. 

We  have  the  assurance  that  iron  plates  can  be  manufactured  in  this 
coimtry  equal  in  magnitude  and  not  inferior  in  quality  to  those  which 
fifteen  years  of  experience  have  enabled  the  English  rolling-mills  to  turn 
oat. 

Congress  has  shown  its  interest  in  the  material  development  of  the 
resources  of  the  country,  and  especially  in  reviving  trade  and  relieving 
the  working  class,  by  liberal  appropriations  for  river  and  harbor  im- 
provements Might  not  the  immediate  undertaking,  on  an  adequate 
scale,  of  the  construction  of  efficient  ironclads,  the  manufacture  of  the 
80  much  needed  gims  of  large  caliber,  and  the  now  demanded  renewal  of 
revetment  in  iron  of  our  most  important  sea-coast  works,  be  not  only  a 
wise  measure  of  national  defense,  but  an  incidental  means  of  reopening 
oar  workshops  and  revivnng  one  of  our  most  important  industries — the 
manufia^rtnre  of  iron  f 
It  is  believed  that  the  present  time,  when  all  kinds  of  materials  and 
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workmanship  are  depressed  in  value,  when  so  many  of  our  working  jwp- 
ulation  are  unemployed,  is  particiilarly  favorable  to  the  work  of  i>erfect- 
ing  our  defenses  and  supplying  them  with  guns  equal  in  power  with 
those  which  will  be  brought  against  them. 

For  detailed  report  upon  the  several  works  of  fortification,  I  beg  leave 
to  refer  to  the  synopsis  of  reports  of  the  several  officers  in  charge.  The 
estimates  for  the  works  have  been  carefidly  re^ised  by  me  and  are  ear- 
nestly recommended. 

Special  attention  is  invited  to  the  estimate  of  $100,000  for  torpedoes. 
Tlie  chargei4  in  the  torpedoes  are  fired  by  the  electrical  current,  and 
many  parts  of  the  system  connot  be  obtained  in  an  emergency.  It  is 
to  pi-ocure  and  store  such  portions  of  the  apparatus  as  cannot  be  si>eed- 
ily  obtained  in  the  event  of  sudden  hostilities  that  the  appropriation  is 
asked. 

Si>ecial  attention  is  also  asked  to  the  item  of  $150,000  for  preparing 
our  most  imi>ortant  forts  for  operating  submarine  mines  by  providing 
proper  bomlj^proof  cover,  galleries  of  approach,  &c. ;  all  these  being 
essential  to  the  successful  ojieration  of  the  torpedo  system  of  defense,  in 
connection  with  other  works. 

FOETIFICATIONS. 

Fort  Wayn^  Mic^iigan,  in  charge  of  Lieut  Col.  C.  E.  Blunt,  Corps  of 
Engineers,  until  January  1,  1878 ;  since  tliat  date  in  charge  of  Majar 
Walter  McFarland,  Corps  of  Engineers, — This  work  commands  the  chan- 
nel of  Detroit  River,  and,  with  its  exterior  barbette  batteries  already 
planned,  wiU  control  the  navigation  of  that  stream. 

Nothing  has  been  done  to  this  work  during  the  past  year,  and  its  con- 
dition is  the  same  as  at  the  close  of  the  last  annual  report.  No  money 
has  been  expended  upon  it,  and  none  is  now  asked  for. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  approjmation  asked  for  next  fiscal  year. 

Fort  Porter,  Black  Eock,  near  Buffalo,  K,  Y,,  in  charge  of  Lieut,  Col,  C, 
E,  Blunt,  Corps  of  Engineers,  until  January  1,  1878;  since  that  date  in 
charge  of  Maj,  Walter  McFarland,  Corps  of  Engineers. — No  change  what- 
ever has  occurred  in  the  condition  of  this  work  since  the  close  of  the 
last  fiscal  year.  No  money  has  been  exjjended  upon  it,  and  no  appro- 
priation is  asked  for  it. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Niagara,  mouth  of  Kingara  River,  Keic  York,  in  charge  of  Maj, 
Walter  McFarland,  Corps  of  Engineers. — This  work  is  situated  at  the 
mouth  of  the  Niagara  River,  commanding  its  debouch  into  Lake  Ontario. 

The  condition  of  this  work  is  essentially  the  same  as  it  was  at  the 
close  of  the  last  fiscal  year,  the  only  work  done  being  the  taking  down 
of  the  damaged  masoniy  of  the  salient  of  the  south  bastion  and  its 
partial  rebuilding. 

No  appropriation  wjis  made  for  the  fiscal  year  ending  June  30,  1879. 
No  ajipropriation  asked  for  next  fiscal  year. 

Fort  Ontario,  mouth  of  Oswego  River,  New  York,  in  charge  of  Maj, 
Walter  McFarland,  Corps  of  Engineers, — This  work  protects  the  city  of 
Oswego  from  a  sudden  attack  or  coup  de  main,  or  the  levy  of  a  contri- 
bution by  a  small  force  of  an  enemy  on  shipboard. 

The  condition  of  this  work  is  the  same  as  it  was  at  the  close  of  the  last 
fiscal  year,  no  money  having  been  expended  upon  it  except  for  hire  of 
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watchman  and  minor  repairs  on  the  store-houses  and  workshops,  and  the 
t^nporary  covering  of  one  of  the  coal  and  wood  vaults  in  the  rampart 
in  rear  of  one  of  the  sets  of  officers'  quarters. 

No  appTftpriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Montgomery,  outlet  to  Lake  Champlmn,  New  Torky  in  charge  of 
Capt.  James  Mercur,  Corps  of  EnmneerSj  until  July  30, 1877 ;  since  that 
date  in  charge  of  Col.  Henry  W,  Benham,  Corps  of  Engineers, — This 
work  occupies  an  unportant  strategic  point,  and  commands  the  entrance 
to  Lake  Champlain  from  the  Richelieu  or  Saint  John  River. 

The  right  or  north  face  of  Bastion  D  has  been  strengthened  by  large 
iron  tie-rods,  wliich  appear  to  be  required  also  on  Curtain  III ;  the  work 
is  otherwise  in  essentially  the  same  condition  as  at  the  date  of  last 
report. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Fort  Knoxj  BucJcsporty  Penobscot  River,  Maine,  in  charge  of  Lieut  Col. 
J.  C.  I>uanej  Corps  of  Engineers. — This  work,  situated  at  the  narrows 
of  the  Penobscot  River,  furnishes  a  defense  for  the  city  of  Bangor, 
18  nules  above,  and  other  towns  bordering  the  river,  and  renders  it 
available  as  a  secure  harbor  of  refuge  for  the  shipping  of  the  extensive 
eastern  coast. 

The  condition  of  this  work  remains  unchanged,  no  operations  having 
been  carried  on  during  the  fiscal  year  except  for  the  necessary  care  and 
preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Popham,  Kennebec  River,  Maine,  in  charge  of  Lieut.  Col.  J.  C. 
Thane,  Corps  of  Engineers.-^Tinn  work  defends  the  entrance  through 
the  month  of  the  Kennebec  River  to  the  rich  valley  of  this  river,  the  cities 
of  Bath  and  Augusta,  and  the  United  States  arsenal  at  the  latter  place. 

The  condition  of  this  work  i^emains  unchanged,  no  operations  having 
been  carried  on  during  the  fiscal  year  except  for  the  necessary  care  and 
preservation  of  the  property. 

S«  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
So  appropriation  asked  for  next  fiscal  year. 

Fort  Oin-ges,  Portland  Harbor,  Maine,  in  charge  of  Lieut  Col.  J.  C. 
Ihtane,  Corps  of  Engineers. — ^This  work  is  one  of  the  series  of  forts 
detdgned  to  defend  the  harbor  and  channels  leading  into  the  harbor  of 
the  important  strategic  i>osition  occupied  by  the  city  of  Portland. 

The  condition  of  this  work  remains  unchanged,  no  operations  having 
been  carried  on  during  the  fiscal  year  except  for  the  necessary  care  and 
preservation  of  the  property. 

Tfo  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 

ipprupriation  asked  for  next  fiscal  year $10,000  00 

Fort  Preble,  Portland  Harbor,  Maine,  in  charge  of  Lieut  Col.  J.  C. 
Duane^  Carps  of  Engineers. — This  work  occupies  such  a  position  that 
three-fourths  of  its  guns  command  the  two  principal,  channels  entering 
the  harbor  of  Portland. 

The  condition  of  this  work  remains  unchanged,  no  operations  having 
been  carried  on  during  the  fiscaJ  year  except  for  the  necessary  care  and 
preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 

Appropriation  asked  for  next  fiscal  year $30,000  00 
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Fart  Scammd^  Portland  Harbor^  Maine,  in  d^arge  of  Lieut.  Col.  J.  C. 
Duane^  Corps  of  Engineers. — ^This  work  occupies  a  very  important  posi- 
tion in  the  harbor  and  commands  four  of  the  channels  leading  into  it. 

The  condition  of  this  work  remains  unchanged,  no  operations  having 
been  carried  on  during  the  fiscal  year  except  for  the  care  and  preserva- 
tion of  the  proi>erty. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1979. 

Appropriation  asked  for  next  fiscal  year $50,000  00 

Battery  on  Portland  Head^  Portland  Harbor ^  Maine,  in  charge  of  Lieut. 
Col.  J.  C.  Ihtane,  Corps  of  Engineers. — ^This  work  covers  by  its  guns  all 
the  approaches  to  the  main  channel  leading  into  the  harbor,  and  will 
prevent  by  its  fire  an  enemy's  fleet  from  taking  up,  unopposed,  a  position 
behind  Bangs's  Island,  from  which  to  bombard  Portland  or  shell  the 
shipping  in  the  harbor. 

Tlie  condition  of  this  work  remains  the  same  as  at  the  close  of  the  last 
fiscal  year,  no  operations  having  been  carried  on  except  for  the  necessary' 
care  and  preservation  of  the  proi)erty. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $50,000  00 

Fort  McClary,  Portsmouth  Harbor,  Xew  Hampshire,  in  charge  of  Lieut. 
Col.  J.  C.  Duanej  Corps  of  Engineers. — ^This  work,  together  with  Fort 
Constitution,  opposite,  forms  the  inner  line  of  defense  to  the  mouth  of 
the  Piscataqua  River  and  to  the  navy-yard  at  Kittery,  Me. 

The  condition  of  this  work  remains  the  same  as  at  date  of  last  report, 
no  operations  having  been  carried  on  except  for  the  necessary  care  and 
preservation  of  the  jiroperty. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Constitution^  Portsmouth  Harbor,  New  Hampshire,  in  charge  of 
Lieut.  Col.  J.  C.  Dunne,  Corps  of  Engineers. — ^The  condition  of  this  work 
remains  unchanged,  no  operations  ha\ing  been  carried  on  except  for  the 
necessary  care  and  preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Battery  on  OerrisVs  Island,  Portsmouth  Harbor,  Xeic  Hampshire,  in 
charge  of  Lieut.  Col.  J.  C.  Duane,  Corps  of  Engineers. — ^This  battery,  with 
the  one  opposite,  on  Jerrj 's  Point,  forms  the  outer  line  of  defense  to 
Portsmouth  Harbor  and  to  the  navy -yard  at  Kittery,  Me. 

This  work  remains  the  same  as  at  "the  close  of  the  last  fiscal  year,  no 
operations  having  been  carried  on  except  for  the  necessary  care  and 
preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $.%,000  00 

Battery  on  Jernfs  Point,  Portsmouth  Harbor,  New  Hampshire,  in  charge 
of  Lieut  Col.  J.  C.  Duane,  Corps  of  Engineers. — No  operations  were  carried 
on  at  this  work  during  the  past  fiscal  year  except  for  the  necessary  care 
and  preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $24,000  00 

Fort  Warren,  Boston  Harbor,  Massachusetts,  in  charge  of  Col.  Henry 
W.  Benham,  Corps  of  Engineers. — This  important  work  is  for  the  defense 
of  the  main  channel  of  entrance  to  Boston  Harbor,  and  commands  the 
anchorage  of  Nantasket  Boads. 

This  fort,  without  an  appropriation  for  active  operations  during  the 
year^  remains  essentially  as  by  last  report,  with  the  exception  of  some 
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not  as  yet  imx>OTtant  injuries  to  the  slopes  and  to  the  siiriace  of  the  ex- 
posed, uncovered  portions  of  the  masonry  of  the  bomb-proof  traverses 
and  magazines  on  the  water-fronts  of  the  main  work.  An  appropriation 
vonld  be  very  imi>ortant  for  the  completion  of  these  unfinished  works, 
80  exposed  to  dilapidation  as  they  were  necessarily  left  by  the  failure 
of  the  funds  for  the  two  years  past. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $75,  000  00 

Battery  at  Lang  Island  Headj  Boston  Harbor^  Massachusetts^  in  charge 
of  CoL  Henry  W.  Benham^  Corps  of  Engineers, — ^This  work  occupies  an 
important  position  in  the  outer  line  of  defense  to  Boston  Harbor,  and  its 
guns  bear  ux)on  all  the  channels  of  entrance  thereto. 

No  work  was  done  here  for  want  of  ftmds  during  the  past  year.  The 
earth  slopes  and  embankment,  where  much  above  the  natural  soil,  have 
settled  somewhat  in  parts,  though  not  to  any  serious  extent.  The  ma- 
sonry of  the  breast-heights  and  magazines  is  all  in  good  condition.  The 
iron- work  of  the  platforms  needs  repainting,  and  some  repairs  or  protec- 
tion to  the  wharf"  and  shoi'e-line  adjacent  is  required.  But  this  work 
may  be  delayed  if  there  should  be  an  early  resumption  of  operations  for 
the*  completion  of  this  battery. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $50, 000  00 

Fort  Winthropj  Boston  Harbor ^  MassachussettSj  in  charge  of  Col.  Henry 
W.  Benhum^  Corps  of  Engineers, — This  is  one  of  the  works  forming  the 
inner  line  of  defense  to  Boston  Harbor  and  the  navy -yard  at  Charles- 
town. 

This  work  is  essentially  in  the  same  condition  as  stated  in  last  annual 
report.  The  batteries,  drains,  and  sloi>es  of  the  work  are  mostly  ad- 
vanced to  near  completion,  and,  with  slight  injuries  occurring  during  the 
year,  are  mostly  in  fair  condition. 

But  the  necessities  for  the  sea-walls,  recommended  for  the  protection  of 
tbe  east  bluff  of  this  island  and  on  the  south  of  the  main  work,  are  more 
and  more  apparent  each  year. 

Xo  appropriation  was  made  for  tbe  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $50,  000  00 

Fort  Independence^  Boston  Harbor^  Massachusetts^  in  charge  of  CoL 
Henry  W.  Benham^  Corps  of  Engineers. — This  is  one  of  the  works  form- 
ing the  inner  line  of  defense  for  the  harbor  of  Boston. 

As  fi^m  the  want  of  fimds  no  activ  e  operations  were  possible,  this 
work  remains  essentially  in  the  same  condition  as  at  the  date  of  previous 
report.  The  slopes  of  panipets  and  magazines  of  the  main  work  are  in 
good  condition,  and,  with  the  exception  of  some  leaks  in  the  casemate 
arches  and  some  injuries  to  the  unfinished  slopes  of  the  east  exterior 
battery,  the  work  as  far  as  mollified  is  in  a  good  state  of  efficieiu^y. 

For  continuing  work  on  the  exterior  heav^ -gim  batteries,  an  appropri- 
ation is  asked. 

No  appropriation  was  made  for  thd  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $30,000  00 

Fort  at  Clark's  Pointy  New  Bedford  Harbor j  Massachusetts^  in  charge  of 
Maj,  Q.  K.  Warren^  Corps  of  Engineers. — ^The  guns  of  this  work  com- 
mand the  entrance  of  the  harbor  of  New  Bedford. 

Nothing  has  been  done  during  the  past  fiscal  year  except  taking  care 
of  the  projwrty. 

Plans  for  the  heavy-gun  batteries  are  ready,  and  work  can  be  begun 
as  aoon  as  money  is  appropriated. 

So  appropriation  was  msfle  for  tbe  fiscal  year  ending  Jane  30,  1879. 

kpjtropriAtJan  asked  for  next  ffscal  year ^^   _  t30  000  00 
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Fort  AdamSj  Newport  Harbor^  Rhode  Island^  in  charge  of  Maj.  O.  K. 
Warren^  Corps  of  Engineers. — ^This  large  and  important  work  defends 
the  harbor  and  city  of  Newport^  and  commands  the  principal  passage 
to  Narragansett  Bay,  one  of  the  best  roadsteads  on  the  coast. 

During  the  fiscal  year  the  fences  have  been  extended  so  as  to  separate 
the  new  heavy  water  battery  and  the  engineering  buildings  and  prop- 
erty from  the  parts  occupied  for  the  ordinary  purposes  of  the  garrison. 

The  preparatory  work  for  the  construction  of  the  new  battery  (such 
as  Oldening  roads,  draining  the  grounds,  &c.)  having  been  all  completed, 
rapid  progress  can  be  made  in  construction  when  the  necessary  funds 
are  appropriated. 

Many  repairs  are  needed  to  the  main  work  and  to  the  permanent 
wharf. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $40,000  00 

Defenses  of  Dutch  Island,  western  entrance  to  Narragansett  Bay,  Rhode 
Island,  in  charge  of  Maj.  0,  K.  ^Varren,  Corps  of  Engineers, — These  de- 
fenses lie  in  and  command  the  western  passages  to  Narragansett  Bay. 

The  only  work  performed  during  the  fiscal  year  has  been  the  general 
care  of  the  property. 

No  other  work  is  contemplated  for  the  fiscal  year  ending  June  30, 
1879. 

The  appropriation  asked  for  is  for  continuing  the  construction  of  the 
work. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1879. 

Appropriation  asked  for  next  fiscal  year $40,000  00 

Fort  Trumbull,  Neic  Londmi  Harbor,  Connecticut,  in  cliarge  of  Maj.  J. 
W.  Barloic,  Corps  of  Engineers. — This  work,  upon  the  west  bank  of  the 
Thames  River,  with  Battery  Griswold  on  the  east  bank,  forms  the  defense 
of  the  harbor  of  New  London. 

Operations  have  been  confined  to  the  care  and  preservation  of  the 
work.  The  casemate  arches  of  the  west  front  have  been  examined  to 
ascertain  the  cause  of  leakage;  repointing  the  parade- wall  has  been 
commenced. 

An  appropriation  for  building  the  south  exterior  battery  for  heavy 
guns  is  recommended. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $40,000  00 

Fort  Griswold,  New  London  Harbor,  Connecticut,  in  charge  of  Maj.  J. 
W.  Barlow,  Corps  of  Engineers. — During  the  past  fiscal  year  the  inclos- 
ing walls  have  been  repaired,  and  except  the  narrow  strip  communicating 
with  the  highway  and  river,  the  property  is  now  fenced. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  tisked  for  next  fiscal  year. 

Fort  Hale,  New  Haven  Harbor,  Connecticut,  in  charge  of  Maj.  J.  W. 
Barlow,  Corps  of  Engineers. — ^This  works  commands  the  channel  entrance 
to  New  Haven  Harbor.  It  was  built  during  the  late  war  for  an  imme- 
diate emergency,  and  was  not  intended  to  l^  permanent. 

No  work  has  been  done  during  the  past  year. 

A  project  to  modify  the  sea  front  for  modem  ordnance,  and  to  make 
permanent  the  bomb-proofs,  at  an  estimated  cost  of  $23,600,  has  been 
presented  by  the  engineer  officer  in  charge. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Schuyler,  East  River,  New  York,  in  charge  of  Maj.  H.  L.  Abbot, 
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Corps  of  Engineers. — ^Tliis  is  an  important  work  for  the  defense  of  the 
entrance  to  the  harbor  of  New  York  Citj'  through  the  East  River. 

Owing  to  the  want  of  funds,  nothing  more  than  the  ordinary  care  of 
the  proi>erty  has  been  possible  during  the  past  year. 

The  main  work  is  in  a  state  which  urgently  requires  attention.  The 
remodeling  of  the  barbette  tier,  to  enable  it  to  receive  its  proposed  arm- 
ament of  modem  guns,  has  been  mainly  finished,  but  was  suddenly 
8topi)e<i  by  the  failure  of  the  appropriation,  and  the  new  part  now  dete- 
riorates under  the  action  of  the  weather.  This  fact,  and  the  vast  impor- 
tance of  the  work  to  the  defense  of  New  York  Harbor,  renders  an  appro- 
priation specially  needed. 

A  plan,  which  has  been  prepared  for  the  modification  of  the  casemates 
of  three  of  the  fronts  to  adapt  them  to  the  reception  of  the  heaviest 
modem  rifled  ordnance  behind  iron  shields,  should  be  undertaken  with- 
out delay^  and  a  liberal  appropriation  for  the  same  is  urgently  recom- 
mended. 

No  appropriation  was  made  for  the  fi»Gal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $150,  000  00 

Fort  at  Willets  Pointy  eastern  entrance  to  New  York  Harbor^  in  charge 
of  Maj.  H.  L.  Abbotj  Corps  of  Engineers. — ^This  work  unites  with  Fort 
Schuyler  in  the  defense  of  the  entrance  to  the  harbor  of  New  York  City 
through  the  East  River. 

Want  of  funds  has  prevented  any  essential  progress  in  preparing  this 
imiK)rtant  position  for  use  in  defending  New  York  City  in  case  of  war. 
In  combination  \\ith  Fort  Schuyler  it  forms  the  sole  defensive  line  upon 
which  a  hostile  fleet,  attempting  to  enter  and  shell  the  city,  could  be 
gnwessfiilly  opposed.  To  neglect  the  defensive  works,  while  expending 
large  sums  ui)on  impro\ing  the  channel,  as  has  been  done  for  several 
years  x>a8t,  is  to  invite  an  overwhelming  blow  in  the  next  war  with  a 
powerful  maritime  nation. 

The  following  is  a  summary  statement  of  work  done  for  the  preserva- 
tion of  the  proi>erty  during  the  past  year : 

In  the  middle  battery  about  2,702  cubic  yards  of  earth  have  been 
placed  in  parapet,  and  all  the  sodding  of  the  exterior  slopes  has  been 
completed  by  placing  482  superficial  yards  of  sod.  In  the  east  batter^' 
about  2,512  cubic  yards  of  earth  have  been  placed  in  parapet,  and  2,769 
saperficial  yards  of  exterior  slopes  and  traverse  magazine  No.  13  have 
been  sodded.  Sea-wall  in  front  of  east  battery  has  been  extended  54^^ 
lineal  f€^et.  Stoi*age  casemates  have  been  covered  with  1,107  cubic 
yanh§  of  earth,  and  with  183  superficial  yards  of  sodding  on  the  exterior 
dope,  and  are  completed.  Galvanized  iron  pipes  for  canying  oft*  the 
drainage  from  arches  have  been  placed.  The  ordinary  repairs  of  the 
different  batteries  and  the  care  of  the  engineer  property  have  consimied 
the  rest  of  the  funds  available. 

Xo  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriati<»n  asked  for  next  fiscal  year $80,000  00 

Fort  Columbus  J  Governor's  Island,  Xew  York  Harbor,  in  charge  of  Capt. 
James  Mereur,  Corps  of  Engineers j  until  July  30,  1877 ;  since  that  date 
m  charge  of  Col.  Henry  W.  Benham,  Corps  of  Engineers. — No  funds  being 
available  no  work  has  been  executed  here  diuiug  the  past  year,  beyond 
some  slight  repairs  and  the  general  care  of  the  slopes,  &c.,  and  the  engmeer 
property,  tlie  work  remaining  in  essentially  the  same  condition  as  at 
the  date  of  last  report. 

In  the  last  annual  report  estimates  were  made  for  an  extension  of  the 
8ea-wall  on  the  west  side  of  the  island  and  for  surface  drains  in  the 
moat  of  Fort  Columbus.    The  recommendations  then  made  are  repeated. 
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Tlie  shore-line  along  the  southeast  part  of  the  island,  back  of  the 
range  of  officers'  quarters,  between  the  south  battery  and  the  main 
wharv^es,  is  without  protection  and  is  irregularly  broken  down  by  the 
wash  of  the  waves  in  storms,  while  in  fix)nt,  or  outward  fix)m  the  shore, 
a  shoal  extends,  bare  at  low  water,  to  the  distance  of  100  feet  to  200 
feet,  which,  from  its  position  in  the  eddy  between  the  Buttermilk  chan- 
nel and  the  Hudson  River,  receives  the  drift  and  carrion  offal  of  the 
river,  making  it  often  very  offensive  and  injurious  to  the  health  of  the 
residents  on  the  island. 

The  best  remedy  for  this,  and  a  necessity,  is  considered  to  be  a  sea- 
wall of  rounded  or  convex  line  of  short  faces,  running  out  upon  this 
shoal,  which,  without  indentations,  would  give  a  regular  current  and  di- 
rection to  the  water,  thus  tending  to  carry  off  all  such  offensive  and 
deleterious  matter,  while  the  space  in  rear,  tilled  up,  as  it  might  be 
without  great  cost,  in  part  perhai)s  by  the  garrison,  would  add  some  acres 
to  the  area  of  the  island,  where  every  yard  of  land  is  so  valuable.  The 
construction  of  this  wall  is  strongly  urged  by  General  W.  S.  Hancock, 
commanding  Militarj^  Division  of  the  Atlantic,  and  the  medical  authori- 
ties on  the  island. 

The  length  of  wall  required  would  be  about  1,800  running  feet,  and,  if 
of  8  feet  height,  with  stone  facing  and  concrete  backing  and  foundation, 
would  cost,  a«  near  as  can  be  estimated,  about  $20  x)er  running  foot,  or 
$36,0(K).  Adding  for  the  wall  on  the  west  shore,  the  cost  will  be  about 
$40,000. 

The  appropriation  asked  for  is  for  the  foregoing  objects  and  for  con- 
tinuing the  construction  of  the  exterior  battery  for  heavT'  ordnance. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1879. 

Appropriation  asked  for  next  fiscal  year ^5,  000  00 

Cattle  Williams  J  Oovernor^s  Island,  New  York  Harbor,  in  charge  of 
Capt.  James  Mercury  Corps  of  Engineers,  until  July  30,  1877 ;  since  that 
date  in  charge  of  Col,  Henry  W.  Benham,  Corps  of  Engineers, — No  work 
w^as  done  here  during  the  last  fiscal  year. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30)  1879. 
No  appropriation  asked  for  next  fiscal  year. 

South  Battery,  Oovernor^s  Island,  New  York  Harbor,  in  charge  of  Capt. 
James  Mercur,  Corps  of  Engineers,  until  July  30,  1877 ;  since  that  date  in 
charge  of  Col.  Henry  W,  Benham,  Corps  of  Engineers. — Xo  work  was 
done  here  during  the  past  fiscal  year  and  none  contemplated  during  the 
present. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  ajipropriation  asked  for  next  fiscal  year. 

Fort  Wood,  Bedloe^s  Island,  New  York  Harbor,  in  charge  of  Capt,  Ja^nes 
Mercur,  Corps  of  Engineers,  until  July  30,  1877 ;  since  that  date  in  charge 
of  Col,  Henry  W,  Benham,  Corps  of  Engineers, — ^This  work,  together  with 
those  upon  Governor's  Island,  is  designed  to  close  the  entrance  to  the 
Bast  and  Hudson  Rivers,  and  to  cover  New  York,  jiart  of  Brooklyn,  and 
Jersey  City  from  bombardment.  ' 

No  funds  were  available  and  no  operations  undertaken  during  the 
past  year.  The  defenses  of  the  island,  the  quarters,  and  the  buildings 
generally  appear  to  be  in  fair  condition,  as  at  the  date  of  the  last  an- 
nual report.  The  constniction  of  a  hea\ily  armed  water-batterj'  is  re- 
commended by  the  Board  of  Engineers  for  Fortifications. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Hamilton  and  additional  batteries.  New  York  Harbor,  in  charge  of 
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Capt  James  Mercury  Corps  of  Engineers^  until  July  30, 1877 ;  sifwe  that  date 
in  charge  of  Col.  Henry  W.  Benham,  Corps  of  Engineers. — These  works 
are  situated  at  the  Narrows  of  New  York  Harbor,  upon  the  Long  Island 
side. 

From  want  of  fiinds  no  operations  of  imiwrtance  have  taken  place  here 
during  the  past  year,  and  the  work  is  essentially  in  the  same  condition 
as  at  the  date  of  previous  reiwrt.  To  meet,  however,  the  cost  of  some  re- 
pairs and  additions  to,  or  the  completion  of,  batteries  now  in  part  con- 
stmcted,  an  appropriation  is  recommended  for  the  execution  of  this 
work  during  the  coming  fiscal  year. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  aaked  for  next  fiscal  year $50, 000  00 

Mortar  battery  at  Fort  Hamilton^  Nmc  York  Harbor^  in  charge  of  Capt. 
James  Mercur^  Corps  o^  Engineers^  until  July  30,  1877 ;  since  that  date  in 
^rge  of  Col.  Henry  W.  Benham^  Corps  of  Engineers. — No  opei'ations  were 
carried  on  during  the  past  fiscal  year. 

Fort  Lafayette^  New  Yorkj  harbor. — This  old  work,  situated  on  a  shoal 
at  the  Narrows  entrance,  occupies  the  best  of  all  the  positions  for  the 
defeni^  of  New  York  Harbor.  It  was  ii\jiu«d  by  fire  in  December,  1868, 
to  such  a  degree  as  to  make  it  practically  worthless  unless  repaired  at  a 
very  considerable  outlay ;  and  as  it  was  adapted  to  guns  of  small  caliber 
only,  it  was  not  thought  worth  while  to  restore  it,  but  to  replace  it  by  a 
uew  eonstniction  which  should  meet  the  demands  of  modern  armaments. 

A  project  for  a  casemated  work  has  been,  therefore,  prepared,  the 
estimated  cost  of  which  is  $784,212,  which  shall  admit  oi  the  mounting 
of  8<>  to  1(K)  ton  guns  behind  shields  of  iron.  About  one-half  of  the  old 
work  is  utilized  in  this  project  for  store-rooms,  bomb-proof  quarters,  &c., 
while  the  remainder  is  an  entirely  new  construction.  It  will  require 
several  years  in  building  and  should  be  undertaken  without  dela3\  An 
appropriation  for  its  commencement  is  asked  for  next  year. 

>'o  appropriation  was  made  for  tlie  fiscal  year  ending  June  30,  1879. 

Appropriation  atiked  for  next  fiscal  year $200, 000  00 

Fort  Wadsworthj  Staten  Island^  New  York  Harbor^  in  charge  of  Lieut. 
Col.  Q.  A.  Gillmore^  Corps  of  Engineers. — This  fort,  situated  on  the  Staten 
Island  side  of  the  Narrows  of  New  York  Harbor,  is  a  large  casemated 
work,  having  its  lower  tier  of  guns  only  a  few  feet  above  the  level  of 
OTilinary  high  water. 

During  the  past  fiscal  year  the  iron  work  in  the  embrasures  and  the 
roofs  of  the  store-rooms  and  guard-house  have  been  painted. 

The  ditch  requires  cleaidng  out,  some  painting  and  pointing  are 
needed,  and  shot-beds  are  wanted  on  the  parade  of  the  work.  It  is  also 
very  desirable  that  the  reservoir  of  spring-water  in  the  ditch  of  the 
work  ^li(nLld  be  covered  over,  as  it  is  becoming  filled  with  a  vegetable 
growth — probably  a  si)ecie8  of  bacteria — which  at  times  is  carried  into 
and  chokes  up  the  pipes,  and  may  ultimately  render  the  water  unfit  for 
domestic  use.  As  this  plant  requires  light  for  its  generation  and  growth, 
it  would  doubtless  disappear  if  the  reservoir  were  covered. 

No  appmpriatioD  'was  made  for  the  fiscal  year  ending  June  30,  1879. 

AppT»»priation  asked  for  next  fiscal  year $9,  000  00 

Fort  on  site  of  Fort  Tompkins^  New  York  Harbor,  in  charge  of  Lieut. 
Col,  Q,  A.  Gillmare,  Corps  of  Engineers. — ^This  work  crowns  the  hill  in 
rear  of  Fort  Wadsworth  and  the  open  batteries  on  Staten  Island,  and  is 
dexi^Tied  to  accommodate  the  garrisons  and  act  as  a  keep  for  those 
fork's.  ^Tien  completed,  it  will  be  able  to  throw  a  heavj^  fire  from  a 
<X)mtnanding  position  upon  vessels  attempting  to  pass  through  the  Nar- 
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rows.  It  has  been  in  readiness  to  receive  its  armament  for  some  years. 
For  want  of  fimds,  the  operations  daring  the  past  fiscal  year  have  been 
restricted  to  repairs  of  the  eiuthwork  and  roads  damaged  by  storms,  to 
cutting  the  grass  on  the  slo])es,  constructing  a  masonry  cesspool-trap  at 
the  foot  of  the  interior  slope  of  the  cover-face  and  connecting  it  with 
the  sewer  leading  to  the  river,  keeping  a  supply  of  water  in  the  dis* 
tributing  reservoir  located  on  the  gh^is,  and  other  necessary  minor 
repairs. 

No  operations  can  be  carried  on  during  the  present  fiscal  year  for  want 
of  funds. 

Attention  has  been  called  in  former  reports  to  the  bad  condition  of 
the  large  slope  in  front  of  the  channel  foce  of  this  work,  and  an  appro- 
priation for  completing  it  is  again  earnestly  recommended. 

Amount  (estimated)  required  for  completing  Fort  Tompkins,  the  glacis 
gun-batter^',  and  the  North  and  South  Cliff  batteries,  $175,000. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $75,000  00 

Glacis  Gun  Battery  {north  effort  an  Hte  of  Fort  Tompkins),  Staten  Island^ 
New  York  Harbor j  in  charge  of  Lieut.  CoL  Q.  A.  CHllmore,  Corps  of  Engi- 
neers.— ^This  battery  has  been  in  readiness  to  receive  its  armament  for 
the  last  four  years.  Some  little  work  yet  remains  to  be  done  to  the 
magazine-doors  and  lamp-closets.  No  work  was  done  during  the  last 
fiscal  year  except  to  cut  the  grass  from  the  slopes  and  repair  minor  dam- 
ages to  the  same. 

The  cost  of  substituting  stone  for  timber  platforms,  amounting  to 
about  $9,000,  is  included  in  the  estimate  for  Fort  Tompkins. 

No  separate  appropriation  asked  for  this  work. 

Glacis  Mortar  Battery  {south  of  fort  on  site  of  Fort  Tompkins) j  Staten 
Island,  Xew  York  Harbor,  in  charge  of  Lieut.  CoL  Q.  A.  Gillmore,  Corps 
of  Engineers. — ^This  battery  and  its  armament  are  ready  for  service.  A 
little  work  yet  remains  to  be  done  upon  the  lamp-closets,  and  the  prin- 
cipal magazine  requires  to  be  ftirred  oflf.  No  work  was  done  during  the 
last  fiscal  year  except  cutting  the  grass  fit)m  the  slopes. 

An  appropriation  for  next  fiscal  year  is  asked  for  in  the  estimates  under  the  head  of 
sea-coast  mortar  batteries. 

Battery  Hudson,  Staten  Island,  Netc  York  Harbor  ,  in  charge  of  Lieut. 
Col.  Q.  A.  GiUmore,  Corps  of  Engineers. — ^This  work  and  the  North  Cliff 
and  South  Cliff  batteries  occupy  the  slope  between  Fort  Tompkins  and 
the  water,  and  are  able  to  bring  a  powerftil  fire  upon  the  channel  lead- 
ing up  to  and  through  the  Narrows. 

During  the  last  fiscal  year  the  earthen  slopes  have  been  kept  well 
dressed  and  in  a  tolerably  goo<l  state  of  preservation.  A  wrought-iron 
clamp  6"  by  10"  has  been  fitted  around  the  granite  pintle-block  in  the 
platform  of  King's  counterpoise  carriage. 

The  estimate  for  the  completion  of  this  work  contemplates  substituting 
stone  for  the  existing  wooden  platforms  and  the  construction  of  bounete 
upon  the  traverses. 

Amount  (estimated)  required  for  completing  the  work,  $36,199.00 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $34,  000  00 

South  Mortar  Battery  (in  rear  of  Battery  Hudson  extension),  Staten  Island^ 
Kew  York  Harbor,  in  charge  of  Lieut.  Col.  Q.  A.  GiUmore,  Corps  of  Engi- 
neers.— ^The  work  necessary  for  the  completion  of  this  battery  consists  in 
constructing  and  laying  eight  timber  mortar-platforms  ui)on  concrete 
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foimdatioiis,  now  in  place,  in  fitting  np  the  inner  magazine  doors  and 
two  lamp-closets.    No  platforms  are  finished. 

Ko  appropriAtion  was  made  for  the  fiscal  year  ending  June  30,  1879. 
An  appropriation  for  next  fiscal  year  is  asked  for  in  the  estimates  under  the  head  of 
sea-coast  mortar  batteries. 

North  Cliff  Battery^  Staten  Island^  New  York  Harbor  j  in  charge  of  Lieut. 
CoL  Q.  A.  Oillmorej  Corps  of  Engineers. — ^A  dry  stone  drain  sixty  feet  in 
length  was  bnilt  in  the  rear  slope  at  the  north  end  of  the  battery,  and  a 
portion  of  the  slope  was  regraded  and  sodded. 

The  cost  of  completing  the  battery,  by  snbstitnting  six  stone  giin-plat- 
fonns  for  those  of  timber,  constmcting  six  stone  breast-height  walls,  two 
bonnets  on  the  traverses,  lining  the  two  principal  magazines  with  timber, 
thickening  the  parapet,  and  constructing  a  rough  sea-wall  at  tlie  foot  of 
the  exterior  slope,  amounting  in  the  aggregate  to  $34,700,  is  included  in 
the  estimate  for  fort  on  site  of  Fort  Tompkins. 

No  separate  appropriation  asked  for  next  fiscal  year. 

South  CUff  Battery^  Staten  Island^  New  York  harbor^  in  charge  of  Lieut 
Col.  Q.  A.  €Hllmore,  Corps  of  Engineers. — With  the  exception  of  slight 
repairs  to  the  slopes,  catting  the  grass,  &c,  no  work  was  done  in  Uiis 
battery  diuring  the  past  fiscal  year  for  want  of  funds.  There  has  been 
no  change  in  the  armament  during  the  year. 

The  cost  of  completing  the  battery  in  accordance  with  the  approved 
phm,  inelading  the  thickening  of  the  parapet,  a  rough  sea-wall  at  the 
foot  of  the  exterior  slope,  and  wooden  linings  in  the  principal  magazines, 
amcmnting  in  the  whole  to  $37,100,  is  included  in  the  estimate  for  fort 
OD  site  of  Fort  Tompkins. 

No  separate  appropriation  is  asked  for  next  fiscal  year. 

Fort  €U  Sandy  Hooky  New  Jersey^  in  charge  of  Capt.  James  Mercnr^ 
Corps  of  Engineers^  until  July  30,  1877  5  since  that  date  in  charge  of  Col. 
Henry  W.  Benham,  Corps  of  Engineers. — One  of  the  great  objects  of  this 
work  is  to  prevent  the  occupation  of  the  lower  bay  as  an  anchorage  by 
SD  enemy's  fieets. 

No  funds  having  been  available  no  work  has  been  done  upon  this  fort 
during  the  past  year.  This  work  remains  in  the  condition  in  which  it 
has  been  for  several  years  past,  that  is,  with  the  lower  tier  of  casemates 
essentially  completed  upon  the  north,  the  east,  and  the  west  fronts, 
providing  positions  for  about  100  guns.  Some  work  has  been  executed 
for  the  protection  of  the  site  against  the  dangers  of  the  ocean  storms 
upon  the  east  of  the  fort,  and  a  sand-box  bulk-head  has  been  con- 
structed here  for  nearly  1,300  feet  along  the  line  of  shore  which  connects 
ihe  four  or  five  jetties  in  front,  which  it  is  hoped  will  give  the  necessary 
protection  against  further  encroachment  of  the  ocean  upon  this  posi- 
tion. 

An  appropriation  for  the  needful  protection  of  the  site  is  recommended. 

Ko  appropriation  wan  made  for  the  fiscal  year  ending  Jane  30,  1879. 

Appropriation  asked  for  next  fiscal  year $10, 000  00 

Fort  Mifflin^  Delaware  River ^  Pennsylvania^  in  charge  of  Lieut.  Col.  J. 
D.  Kurtz,  Carps  of  Engineers,  until  his  death,  October  16,  1877 ;  tempora- 
rily in  charge  of  Capt.  William  Ludlow,  Corps  of  Engineers,  until  Decem- 
ber 1, 1877 ;  9inee  that  date  in  charge  of  Col.  J.  N.  Ma4xnnb,  Corps  of  En- 
gineers.  This  fort  constitutes  one  of  the  inner  line  of  works  for  the  de- 
fense of  Philad^phia  and  the  naval  establishment  at  League  Island. 

Except  making  requisite  repairs  to  the  dike  on  river  front,  stone  cop- 
ing at  wMJi  sluice,  buildings,  one  small  bridge^  water-tanks,  and  cutting 
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the  grass,  the  condition  of  the  work  remains  the  same  as  at  the  close  of 
the  previous  fiscal  year. 

No  appropriation  ha\ing  been  made  for  the  present  fiscal  year,  the 
work  will  continue  under  the  immediate  care  of  a  foi^t-keeper. 

During  the  next  fiscal  year  it  is  proposed  to  construct  the  torpedo 
casemate-gallery,  complete  the  exterior  battery,  construct  battery  on  north 
face  of  demilune  and  on  south  face  main  work,  commence  constxuction  of 
storage-magazine  at  exterior  battery,  and  make  necessary  repairs  to  dikes, 
roads,  &c. 

No  apprc»priation  waa  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year |75,  000  00 

Mortar  battery  at  Fort  Mifflin^  Delaware  Rivera  Pemmflvania^  in  charge 
of  Lieut,  Col,  J,  D,  Kurtz,  Corps  of  Engineers^  until  kk  death,  October  16, 
1877 ;  temporarily  in  charge  of  Capt,  William  Ludlow,  Corps  of  Engineers, 
until  December  1,  1S17  is^ince  that  date  in  charge  of  Col,  J,  N,  Macomb, 
Corps  of  Engineers. — W  ork  on  this  battery  remains  suspended  for  want 
of  funds,  for  which  reason  no  work  is  proposed  for  the  present  fiscal 
year. 

An  a])propriation  of  $20,000  for  continuing  this  work  is  included  un- 
der the  head  of  sea-coast  mortar  batteries. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1879. 
No  separate  appropriation  asked  for  next  fiscal  year. 

Site  for  tlie  defenses  at  Bed  Bank,  New  Jersey,  in  charge  of  Lieut.  Col. 
J.  D.  Kurtz,  Corps  of  Engineers,  until  his  death,  October  10,  1877 ;  tefn- 
porarily  in  charge  of  Capt.  William  Ludlmc,  Corps  of  Engineers,  until 
December  1,  1877 ;  since  that  date  in  charge  of  Col.  J.  N.  Maeomb,  Corps  of 
Engineers. — This  site  is  upon  the  New  Jersey  side  of  the  Delaware 
Eiver,  nearly  opposite  Fort  Mifflin,  and  is  in  care  of  a  property-keeper. 

During  the  past  year  requisite  repairs  have  been  made  to  the  dike 
along  the  Delaware  River  front  and  to  the  buildings. 

It  is  proposed  during  the  present  year  to  strengthen  the  dike  on  the 
Delaware  River  front  and  make  necessary  repairs  to  the  buildings  ancj 
fences,  and  exercise  the  usual  care  over  the  site  and  other  public  prop- 
erty. 

No  appropriation  has  yet  been  made  for  a  battery  on  this  site. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Delaware,  Delaware  River,  Delaware,  in  charge  of  Lieut.  Col.  J. 
D.  Kurtz,  Corps  of  Engineers,  until  his  death,  October  10,  1877 ;  tempo- 
rarily  in  charge  of  Capt.  William  Ludlow,  Corps  of  Engineers,  until  De- 
cember 1,  1877 ;  since  that  date  in  cliarge  of  Col.  J.  N.  Macomb,  Corps  of 
Engineers. — This  work,  situated  on  the  Pea  Patch  Island,  forms  one  of 
the  chain  of  works  constituting  the  outer  line  of  defense  for  the  Dela- 
ware River. 

Operations  during  the  year  have  been  confined  to  the  care  and  pres- 
ervation of  public  property.  Slight  repairs  have  been  made  to  the  dike 
and  to  the  southern  wharf. 

The  condition  of  the  fort  remains  about  the  same  as  last  year,  and 
there  has  been  no  change  in  armament. 

An  appropriation  for  next  year  is  asked  to  be  applied  to  the  construc- 
tion of  a  torpedo-casemate,  to  increasing  the  thickness  of  walls  of  maga- 
zine to  i)rotect  them  against  the  fire  of  modem  heavy  ordnance,  to  com- 
pleting the  permanent  wharf  and  the  repaii*  of  the  temporary  ones,  and 
to  the  repair  of  buildings,  dikes,  &c. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1879. 

Ai»propriation  asked  for  next  fiscal  year |75, 000  00 
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Battery  at  Finn's  Point j  Delaware  River ^  Nmv  Jersey ^  in  charge  of  Li^ut. 
Col  J,  I).  KurtZj  Corps  of  Engineers^  until  his  death,  October  16,  1877 ; 
temporarily  in  charge  of  Capt.  William  Ludlow,  Corps  of  Engineers,  until 
December  1,  1877  5  s^lnce  that  date  in  chnrge  of  Col,  J,  J\r.  Macomb,  Corps 
of  Engineers. — ^This  is  a  powerful  earthen  barbette  battery^,  and  fonns 
the  left  of  the  outer  line  of  defenses  across  the  mouth  of  the  Delaware 
River. 

The  condition  of  the  battery  remains  the  same  as  at  the  date  of  last 
reports  A  part  of  the  breast-height  wall  has  been  repointed  and  the 
revetment  above  it  has  been  reformed  and  sodded.  The  dike  on  the 
river  front  has  been  kept  in  serviceable  condition  by  occasional  i-epairs. 

For  continuing  the  work  an  appropriation  is  asked  for  next  yeai\ 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year ^.  150, 000  00 

Mortar  battery  at  Finn^s  Point,  Delaware  River,  Kew  Jersey,  in  charge 
of  Lieut.  Col.  J.  D.  Kurtz,  Corps  of  Engineers,  until  his  death,  October  16, 
1877;  tempararily  in  charge  of  Capt.  William  Ludlow,  Corps  of  Engineers, 
until  December  1,  1877 ;  since  that  date  in  charge  of  Col.  J.  N'.  Mdcomb, 
Corps  of  Engineers. — No  operations  were  carried  on  at  this  work  during 
the  past  year  for  want  of  funds,  and  none  are  contemplated  for  the 
present  year. 

The  sea-wall  supporting  the  exterior  slope  has  been  damaged  by 
storms,  and  the  unfinished  embankment  has  been  washed  away  to  some 
extents 

An  appropriation  of  $25,000  to  complete  this  work  is  asked  for  under 
the  head  of  sea-coast  mortar  batteries. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Xo  separate  appropriation  asked  for  next  fiscal  year. 

Port  opposite  Fort  Delaware,  Delaware  shore,  in  charge  of  Lieut.  Col, 
J.  D.  Kurtz,  Corps  of  Engineers,  until  his  death,  October  16, 1877 ;  tempo- 
rarily in  charge  of  Capt.  William  Ludlow.  Corps  of  Engineers,  until  De- 
cember 1,  1877 ;  sinee  that  date  in  charge  0/  Col.  J.  X.  Macomb,  Corps  oj 
Engineers. — A  strong  earthen  barbette  battery,  forming  the  right  of  the 
outer  line  of  defenses  for  the  Delaware  Eiver. 

Up  to  November,  1877,  the  dike  on  the  river  front  was  kept  in  serv- 
iceable condition  by  frequent  repairs,  but  by  a  severe  storm  on  the  24th 
of  that  month  the'  top  was  entirely  swept  away,  rendering  fiuther  re- 
pairs iisele8.s,  short  of  rebuilding  the  top  for  nearly  the  whole  length. 

The  condition  of  the  batterj^  is  the  same  as  la«t  year,  no  work  beyond 
that  necessarj'  for  the  care  and  preservation  of  public  property  ha\^g 
been  done. 

For  continuing  the  construction  of  this  unfinished  work,  an  appropri- 
ation for  next  year  is  recommended. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1879. 

Appropriation  asked  for  next  fiscal  year - |75,  000  00 

Mortar  battery  near  Delaware  City,  Delmcare,  in  charge  of  Lieut.  Col. 
J.  D.  Kurtz,  Corps  of  Engineers,  until  his  death,  October  16, 1877;  tempo- 
rarily in  charge  of  Capt.  William  Ludlow,  Corps  of  Engineers,  until  De- 
cember 1, 1877  ;  since  that  date  in  charge  of  Col.  J.  N'.  Macomb,  Corps  of 
Engineers. — 'So  work  has  been  done  at  this  battery  during  the  year  for 

^'ant  of  fimdH. 

The  work  necessary  for  completion  consists  in  the  construction  of  the 
^e  magazine  on  the  right,  the  completion  of  the  parapet  and  trav- 
€ree8^  aiid  the  building  of  six  mortar-platforms.    For  these  objects  an  ap- 

2e 
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propriation  of  $18,000  for  next  year  is  included  in  the  estimates  under 
the  head  of  sea-coast  mortar  batteries. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  separate  appropriation  asked  for  next  fiscal  year. 

Fort  McHenryy  Baltimore  Harbor j  Maryland,  in  charge  ofMaj.  William 
P.  Craighilly  Corps  of  Engineers^  until  March  26, 1878;  since  that  date  tem- 
porarily in  charge  of  Capt.  Charles  B.  Phillips^  Corps  of  Engineers. — This 
fort  fonns  part  of  the  inner  line  of  defense  for  Baltimore  and  its  depend- 
ent interests,  and  commands,  with  its  fire^  the  interior  waters  of  the 
harbor  and  the  channel  of  approach  thereto,  in  which  latter  a  depth  of  24 
feet  exists  at  mean  low  water. 

Although  the  old  fort  f proper)  has  become  almost  useless  as  a  defen- 
sive work,  the  site  is  still  an  important  one,  and  the  water  front  should 
be  occupied  by  a  battery  of  heavy  guns,  mounted  behind  a  sand  para- 
pet of  the  most  approved  model,  and  provided  with  bomb-proof  cover 
for  ammunition  and  gunners.  Such  a  battery  is  in  course  of  construc- 
tion, although  all  work  upon  same  has,  for  want  of  fiinds,  been  sus- 
pended since  July  8,  1876.  The  condition  in  which  this  battery  stood 
at  the  above  date  is  given  in  the  last  annual  rex)ort. 

There  being  no  appropriation  for  the  fiscal  year  ending  June  30, 1878, 
operations  have  been  confined  to  the  general  care  and  preservation  of 
the  work.  In  July,  1877,  the  slopes  of  the  exterior  battery  and  other 
outworks  were  carefully  mown.  In  September,  1877,  slight  repairs  were 
made  upon  the  slate  roof  of  the  large  exterior  magazine.  In  February, 
1878,  transportation  was  afforded  for  about  7,000  bushels  of  oyster 
shells,  which  were  used  as  a  top-dressing  for  roads  and  walks,  under 
the  direction  of  the  post  commander. 

During  the  months  of  April  and  May  last,  the  slopes  of  the  demilune 
of  main  work  were  repaired,  as  well  as  the  exterior  slope  of  the  new 
water  battery.  Thirty  square  yards  of  resodding  were  done  at  the  lat- 
ter-mentioned point,  where  a  land-slip  had  occiured.  During  May  last 
three  double  wooden  doors  for  magazines  at  main  work  were  constructed 
and  put  in  place. 

All  the  portable  property  pertaining  to  the  work  has  remained  stored 
at  Fort  Carroll. 

The  sum  of  $50,000  is  asked  for  the  next  fiscal  year,  which  amount 
would  nearly  complete  the  parax)et  and  terre-plein,  including  magazines, 
but  not  the  gun-platforms,  which,  as  stated  in  previous  reports,  it  is  not 
deemed  advisable  to  put  down  until  after  the  embankments  shall  have 
become  consolidated,  on  account  of  the  unstable  nature  of  the  subsoil. 

No  appropriation  waa  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  afiked  for  next  fiscal  year $50,000  00 

Fort  Carroll^  Baltimore  Harbor^  Maryland^  in  charge  of  Maj.  William 
P.  Craighillj  Corps  of  Engineers^  until  March  26,  1878 ;  since  that  date 
temporarily  in  charge  of  Capt.  Charles  B.  Phillips^  Corps  of  Engineers. — 
This  fort  is  situated  upon  an  exterior  line  of  defense  for  the  harbor  of 
Baltimore. 

Kothing  has  been  done  in  the  past  year  in  carrying  out  the  project  for 
its  completion,  which  contemplated  the  provision  for  three  tiers  of  guns 
in  casemates  and  one  in  barbette. 

The  site  is  a  very  important  one,  and  the  delay  in  the  construction  of 
the  work  is  due  to  the  lack  of  appropriations,  and  to  the  fact  that  the 
best  method  of  arranging  such  defenses,  with  a  due  regard  to  economy, 
has  not  till  recently  been  determined. 

Operations  during  the  past  year  have  been  confined  to  the  general 
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care  and  preservation  of  the  work  and  the  public  property  stored  at  this 
point 

Quite  severe  storms  occurred  during  the  months  of  July,  October,  and 
November,  1877,  and  considerable  damage  was  done  thereby  to  the  tem- 
porary wooden  roofs  over  unfinished  casemates.  These  damages  were 
promptly  repaired  at  no  great  exjKjnse,  as  most  of  the  old  material  was 
made  use  of. 

The  storm  of  October  last  broke  up  the  wooden  cover  in  front  of  the 
15"  gun  at  angle  5-6,  and  also  removed  the  oaken  fender-pieces  at  the 
stone  wharf  at  entrance  to  fort. 

The  gun-cover  was  immediately  repaired  and  the  broken  fenders  re- 
placed. 

Smce  November  last  no  repairs  have  been  necessitated,  and  the  entire 
work  and  property  in  store  has  remained  secure. 

A  plan  for  the  completion  of  this  work  has  been  prepared,  which  pro- 
rides  for  the  reception  of  the  heaviest  modem  rifled  guns ;  those  in  case- 
mates to  be  arranged  in  a  single  tier  behind  iron  shields,  and  those  in 
barbette  to  be  placed  singly  between  traverses,  behind  earthen  para|)et8. 
An  appropriation  for  the  continuation  of  the  work  according  to  this  plan 
is  urgently  recommended. 

The  i>ortable  property  belonging  to  Fort  McHenry  is  stored  at  this 
point 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Apjiropriation  aaked  for  next  fiscal  year $100,  000  00 

Obstructions  of  the  Potomac^  in  charge  of  Maj.  William  P.  Craighill^ 
Corps  of  JErfigineerSj  until  March  26, 1878 ;  since  that  date  temporarily  in 
charge  of  Capt.  Charles  B.  Phillips^  Corps  of  Engineers, — The  material 
pertaining  to  these  obstructions  has  continued  in  store  at  Fort  Foote,  in 
charge  of  a  watchman.  The  timber  portion  of  it  has  become  very  much 
decayed,  and  is  rapidly  becoming  worthless.  The  pile  foundation  of 
the  building  in  which  these  obstractions  are  stored  was  repaired  in  the 
fell  of  1876.    The  building  has  since  remained  in  very  good  condition. 

Fort  FootCj  Potomac  River ,  Maryland^  in  charge  of  Maj.  William  P. 
CraighUlf  Corps  of  Engineers^  until  March  26, 1878;  since  that  date  tempo- 
rarily in  charge  of  Capt.  Charles  B.  Phillips^  Corps  of  Engineers. — ^This 
vork  is  on  the  inner  line  of  defense  of  the  channel  of  approach  by  water 
to  Alexandria,  Washington,  and  Georgetown.  The  site  is  high,  com- 
maoding,  and  unusually  favorable. 

During  the  past  fiscal  year,  for  want  of  funds,  no  work  was  done  be- 
yond what  was  necessary  for  the  preservation  of  the  work  and  the  pub- 
lic property  in  store. 

Attention  is  again  urgently  called  to  the  fact  that  the  fort  in  its  pres- 
ent unfinished  condition  is  daily  becoming  deteriorated.  To  care  for  the 
work  already  done,  the  modification  of  the  main  fort  should  be  completed 
a8  soon  as  possible. 

An  appropriation  for  this  purpose  is  very  imi)ortant. 

5o  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year..  $50,000  00 

Fort  Washington^  Potomac  River^  Maryland^  in  charge  of  Maj.  William 
P.  Craighillj  Corps  of  Engineers,  until  March  26,  1878;  since  that  date 
temporarily  in  charge  of  Capt.  Charles  B.  Phillips^  Corps  of  Engineers. — 
This  fort  occupies  a  very  important  position  on  the  outer  line  of  defense 
of  the  cities  of  Alexandria,  Washington,  and  Georgetown,  and  their  de- 
pendent interests.  The  importance  of  this  site  has  been  fiilly  set  fortTi 
in  previous  annua]  reports^  but  the  line  requires  strengthening  by  tlie 
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introduction  of  guns  of  the  heaviest  caliber,  for  which  the  old  fort  is  not 
well  adapted. 

A  revised  project  of  defense  for  this  site  has  been  prepared  by  the 
Board  of  Engineers  for  Fortifications. 

As  there  has  been  no  sjiecific  appropriation  for  this  work,  operations 
during  the  past  fiscal  year  have  been  confined  to  the  general  care  and 
Xireservation  of  the  public  property  in  store  and  to  such  repairs  as  were 
absolutely  necessar>% 

In  December,  1877,  the  slate  roofs  of  the  two  principal  magaziaes  in 
the  main  work  were  put  in  thorough  repair,  as  was  also  the  shingle  roof 
of  the  adjutant's  office  at  the  main  entrance. 

A  severe  storm  during  the  early  part  of  October  last  caused  consider- 
able damage  to  the  northern  face  of  the  wharf.  This  face  was  badly 
broken  up  for  a  distance  of  200  feet  and  to  about  5  feet  below  the  top  of 
the  wharf,  and  the  earth  backing  was  removed  to  a  distance  of  fi'om  10 
to  12  feet  from  the  face. 

Subsequent  storms  increased  the  amount  of  damage  until  it  became 
absolutely  necessary  to  make  repairs  in  order  to  preserve  the  rest  of  the 
wharf.  Tliese  repairs  were  made  during  the  month  of  June  last,  and 
although  not  as  complete  as  desired,  were  yet  sufficient  to  check  further 
deterioration.  Eleven  hundred  and  forty-five  linear  feet  of  white-oak 
timber  were  used,  and  140  cubic  yards  of  earth  filling  were  replac^ed. 

Attention  is  again  earnestly  invited  to  the  need  of  the  appropriation 
asked  for  this  fort.  The  unfinished  portion  of  the  work  is  constantly 
suft'eiing  deterioration  on  account  of  its  incomplete  state. 

No  appropriation  was  made  for  tlie  fiscal  year  endiug  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year A fSO,  000  00 

Fort  Monroe^  Old'  Point  Comfort^  Virginia^  temporarily  in  charge  of 
Lieut  Col,  Q.  A.  Gillmore^  Corps  of  Engineers. — Tliis  extensive  work  oc- 
cupies an  important  position,  covering  the  approach  to  Hampton  Koads, 
the  navy-yard  at  Poiismouth,  and  the  James  River. 

During  the  past  fiscal  year  the  planking  of  the  bridges  across  the  moat 
on  the  north  and  east  fronts  has  been  renewed  and  slight  rei)airs  were 
made  to  the  breakwater  opposite  fronts  2  and  3. 

A  timber  13-inch  sea-coast  mortar  platform  was  laid  in  rear  of  the 
15-inch  gun  battery  in  the  salient  of  the  covered  way,  fronts  4  and  5. 

For  continuing  the  modifications  of  the  channel-bearing  faces  of  this 
work  to  adapt  them  to  the  reception  of  modem  guns  of  heavy  caliber, 
an  appropriation  for  next  year  is  recommended. 

No  appropriation  was  made  for  the  fivscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $75, 000  00 

Artesian  well  at  Fort  Monroe^  Virginia^  temporarily  in  charge  of  Lieut 
Col.  Q.  A.  Gillmore,  Corps  of  Engineers. — ^Xo  work  was  done  during  the 
last  tisc«al  year,  and  none  is  contemplated  during  the  present  fiscal  year 
for  wjint  of  funds.  The  inadequate  and  uneeriain  supply  of  water  at 
Fori  Monroe  is  an  evil  which,  it  is  conceded  on  all  side^,  may  at  any 
time  arise  to  serious  magnitude.  The  present  depth  of  the  well  is  about 
9(K)  feet.  It  is  recommended  that  provision  be  made  to  increase  this 
depth  to  1,200,  or  even  to  1,500  feet,  before  abandoning  the  project  of 
obtaining  a  water-supi)ly  by  this  method. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Approimation  asked  for  next  fiscal  year $10,000  00 

Fort  TTooZ,  Hampton  Roads,  Yirginia,  temporarily  in  charge  of  Lieut. 
Col.  Q.  A.  Oillmorej  Corps  of  Engineers. — This  casemated  fortification 
unites  with  Fort  Monroe  in  closing  the  passage  to  Hampton  Beads, 
crossing-  its  fire  with  the  guns  of  that  fort. 
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Until  approved  projects  for  its  completion  are  devised  no  further  work 
is  contemplated  than  is  necessary  to  preserve  it  from  iivjuiy.  Fifty -two 
iron-throated  casemates  of  the  first  tier  are  ready  for  ffuns,  and  in  an 
emergency  several  15-inch  guns  could  be  advantageously  and  promptly 
mounted  in  barbette. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Macatiy  Beaufort  Harhor^  North  Carolina^  in  charge  of  Lieut.  CoL 
Q.  A.  CHllmorej  Corps  of  Engineers, — This  work  is  situated  at  the  mouth 
of  the  harbor,  and  defends  the  principal  entrance  thereto. 

The  subject  of  the  modification  of  this  work  is  still  under  considera- 
tion. 

During  the  past  fiscal  year  monthly  measurements  have  been  made 
of  the  position  of  the  shore-line  in  the  vicinity  of  the  wharf.  These 
show  that  the  high-water  line  has  moved  in  from  100  to  150  feet  at  a 
point  a  little  north  of  east  of  the  fort  since  June,  1877,  and  between  250 
and  300  feet  since  June,  1876.  Should  this  movement  continue,  the  con- 
stmction  of  one  or  more  jetties  north  of  those  at  present  existing  may 
become  necessary  to  protect  the  site  of  the  fort. 

!No  material  changes  have  occurred  in  the  shore-line  south  of  the  fort. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Fort  Cas^iceUj  mouth  of  Cape  Fear  River ,  North  Carolina^  in  charge  of 
Lieut,  CoL  Q.  A.  Oillmore^  Corps  of  Engineers. — The  subject  of  the  modi- 
fication of  this  work  is  still  under  consideration. 

Its  location  is  advantageous  for  the  protection  of  one  of  the  entrances 
to  Cape  Fear  River,  and  therefore  one  of  the  ai)proache8  to  the  city  of 
Wilmington. 

There  is  neither  armament  nor  garrison,  nor  quarters  for  a  garrison, 
at  the  pla<5e. 

Xo  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Fort  Maultrw,  Charleston  Harhor^  South  Carolina^  in  charge  of  Lieut, 
CoL  Q.  A.  Gillmore^  Corps  of  Engineers. — ^This  work  is  situated  on  Sulli- 
van Island,  and  defends  the  principal  entrance  to  the  harbor  of  Charles- 
ton. 

Xo  work  was  done  during  the  last  fiscal  year,  except  for  the  general 
preservation  and  repair  of  the  work. 

Two  15-inch  guns  are  mounted  on  timber  platforms,  and  eight  plat- 
forms, one  permanent  and  seven  timber,  are  in  readiness  for,  but  not 
occupied  by,  heavy  guns.  Two  additional  timber  platforms  for  10-inch 
guns  have  become  unserviceable  from  decay.  The  replacing  of  these 
with  two  timber  15-inch-gun  platforms,  now  on  hand,  will  complete  the 
pre]>arations  for  arming  this  work. 

Four  mortars  are  mounted  in  rear  of  the  fort. 

Estimated  cost  of  completing  the  work  (including  bonnets  on  the 
traverses,  a  soldiers'  latrine,  and  draining  the  parade),  $89,000. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  a«ked  for  next  fiscal  year $50, 000  CO 

Fort  8umt4^j  Charleston  Harbor^  South  Carolina,  in  charge  of  Lieut. 
Col.  Q.  A.  Oillmore,  Corps  of  Engineers. — This  work  is  rocated  on  a  shoal 
near  the  mouth  of  the  harl>or,  and  its  guns,  crossing  their  fire  with  those 
of  Fort  Monltriej  command  the  principal  channel  of  entrance  thereto. 

luring  the  past  fiscal  year  an  extension^  30  feet  long  and  12  J  feet  wide, 
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A.Xn^'tA'A 


va^  I'Qilt  Ui  tii^  iK^tb  end  of  the  wharf.  Xo  4>u^er  opoadoDS  were  car- 
rel ^m  iitr  waiit.  fd  friiKlrtw 

Tij^  i>>>^#jf«!3»  u>  thf-  t^rrepkiiij^  of  the  Dorth  jimI  i]Hjrth€:afit  fronts  have 
Iji*^*^  \f!^\\x  vaf4j^i  bv  h^ffavT  i^tonoiiw 

'IVo  LVifK-h  «rTjji>i  aini  two  IflJO-pouDdf-r  Pam:»u  rifles  are  mounted  on 
l'>-irM'h  tiuiin^r  platform.^  and  one  tinihier  and  thnee  permanent  platforms 
i*pr  h*-avv  jninji  are  really,  bat  not  oceapkd.  The  r^f»iacing  of  the  two 
]f\AiforuiA  9  and  10.  now  oecopied  by  li>:Lt  gunsw  by  heavy  timber  plat- 
fffnii^  wtmhl  make  the  work  readv  fi>r  its  aniiameiit.  The  11  ca.-iemates 
ofj  ijorriiw#-:!^t  froiit  are  now  really  for  their  ^ruii-s.  except  traverseH:ireles, 

Tlie  estimated  cost  of  completing  the  work  i>  *>CiL«"XL 

>'o  a;/;mn/riati'/Tj  wa#  RLaulf  f<r#r  tbf  6«<^  rear  ending  Jiuk-  5>.  1?T9- 

A|^j// '/l^na: i'>ii  Aftkr^i  for  ii*rit  il«-f.-ai  vrar.. fcX).  000  00 

/V/jrf  JohtUf^m^  Charleston  Harbor^  t^jutk  Carol ina^  im  charge  of  Lieut, 
CoL  Q,  A.  Gillmore^  C<n-p$  o/  Engineers. — ^This  f«>rt,  situated  on  James 
l>l;infl^  lA  one  of  the  works  in  Uie  system  of  defense  of  Charleston 
llarUir. 

No  ofierationii  were  carried  on  at  thLs  work  during  the  past  fiscal  year. 
The  approve<l  project  for  reconstructing  this  old  work  contemplates 
making  r/f  it  a  l^atterj'  for  eight  pieces  of  heavy  ordnance,  foiir  mortars, 
and  four  guns.  Its  commencement  and  completion,  during  the  next  fis- 
<:al  year^  is  re<M>mmended«  Four  13-inch  mortar-platforms  are  on  hand, 
really  tr>  lie  laiiL 

No  a|«|/rrfpriation  waM  made  for  the  fiscal  year  ending  June  30,  1?79. 

Ajijiropriation  ankwl  f*/r  next  fL«<-al  year $10,000  00 

C^uftle  rinekneyj  Charleston  Harbor^  South  Carolina^  in  charge  of  Lieut. 
Col,  (f.  A.  Gillmore,  Corps  of  Engineers. — ^This  work,  situated  on  an  island 
near  the  city  of  Charleston,  is  one  of  the  interior  works  in  the  system 
of  (MitUHft  of  the  harbor. 

No  ojierations  were  carried  on  at  this  work  during  the  past  fiscal  year. 

An  ap]iropriation  of  iJ9,.500  will  be  require<l  to  adapt  it  to  the  reception 

of  10-inch  smooth-bore  guns  or  corresjwnding  rifles,  to  be  mounted  in 

barlKftte. 

No  approfrriation  wai»  made  for  the  fiscal  year  ending  Jane  30, 1879. 
No  ajipnipriatifjii  a«ked  for  next  fiscal  year. 

Fort  JaeksoUj  Savannah  River ^  Georgia^  in  charge  of  Lieut.  Col.  Q.  A. 
Oillmr/re,  Cf/rps  of  Engineers. — This  work,  situated  about  four  miles  from 
tlie  (fity  (jf  Havannah,  forms  the  inner  line  of  defense  for  that  city. 

\o  ojHfrations  were  carried  on  during  the  past  fiscal  year.  Five  guns 
are  in  jKwition,  but  they  are  not  of  the  calibers  contemi)lated  in  the  ap- 
prove<l  prry^fCft,  and  cannot  be  efficiently  served  without  a  comi>letion  of 
the  work.  Estimated  cost  of  completing  the  work,  including  repairs  to 
wharf,  $10,000. 

No  appropriation  wa«  made  for  the  fiscal  year  ending  Jane  30, 1879. 

Appropriation  aitked  for  next  fiscal  year $10,000  00 

Ffni^  Pulaski^  mmith  of  Savannah  River ^  Georgia^  in  charge  of  Lieut.  Col. 
Q.  A.  Gillmore^  Corps  of  Engineers. — ^This  is  the  principal  work  for  the 
defense  of  Havannah  on  the  outer  line  of  the  system. 

>»o  oi)erations  were  carried  on  at  this  work  during  the  last  fiscal  year, 
ex(;<»pt  the  cleaning  out  of  the  drains  in  the  vicinity  of  the  fort  and  cut- 
ting the  grass  from  tlie  slopes.  Five  timber  platforms  are  now  in  readi- 
ness for,  but  not  Occupied  by,  heavy  guns  in  the  demilune. 

I'^stiniated  cx)Ht  of  completing  the  work,  including  bonnets  on  the  trav- 
erse's, i>ennanent  i^latfonns,  and  soldiers'  latrine,  $250,000. 

No  appropriation  waH  made  for  the  fiscal  year  ending  Jane  30,  1879. 

Appropriation  asked  for  next  fiscal  year 175,000  00 
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New  Fort  <m  Tybee  Island^  mouth  of  Savannah  River,  Georgia,  in  charge 
of  Lieut.  Col,  Q.  A,  CHllmore,  Corps  of  Engineers. — Plans  for  the  defensive 
works  to  be  constructed  on  the  north  point  of  Tybee  Island  have  been 
completed^  and  it  is  proposed  to  commence  their  construction  whenever 
fnnds  are  available. 

Estimated  cost  of  the  works,  $294,918. 

No  appropriation  for  their  constmction  has  yet  been  made. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Clinch  J  Amelia  Island,  Florida,  in  charge  of  lAsut.  Col.  Q.  A.  Oill- 
more.  Corps  of  Engineers. — ^This  work  defends  the  entrance  into  Cumber- 
land Sound,  and  is  in  an  unfinished  condition. 

Xo  operations  have  been  carried  on  during  the  year,  the  project  for 
the  modification  of  the  work  being  still  under  consideration. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jiine  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Marion,  Saint  Augustine,  Fla.,  in  charge  of  Lieut.  Col.  Q.  A.  Oill- 
more,  Corps  of  Engineers. — ^This  work  defends  the  harbor  and  city  of 
Saint  Au^stine. 

Fort  Marion  was  built  by  the  Spaniards,  and  was  called  by  them  Fort 
Saint  Mark.  It  was  essentially  completed  in  the  year  1756,  its  process 
of  construction  having  extended  through  a  period  of  more  than  one  hun- 
dred ye^rs.  It  is  biult  of  ox)quina — a  natural  shell-concrete  found  in 
the  vicinity.  No  money  has  been  expended  by  the  United  States  for  the 
maintenance  of  the  work,  or  in  arresting  the  progress  of  ordinary  dete- 
rioration and  decay,  for  the  reason,  doubtless,  that  the  water-battery, 
constructed  in  1842-'43,  will,  if  suitably  armed,  furnish  a  sufficient  de- 
fense for  this  locality. 

Should  it  be  desired  to  restore  old  Fort  Saint  Mark — ^both  main 
work  and  demilune— to  the  condition,  substantially,  in  which  it  was  left 
by  the  Spaniards,  it  can  be  done,  so  far  as  it  is  possible  to  attain  this 
object,  and  omitting  all  preparations  for  an  armament,  for  from  $10,000 
to  $12,000. 

No  appropriation  is  asked  for  this  work. 

Fort  Taylor  and  batteries,  Key  West,  Florida,  in  charge  of  Capt.  W.  H. 
Eeuer,  Corps  of  Engineers. — ^This  work  is  for  the  defense  of  the  impor- 
tant harbor  of  Key  West. 

During  the  past  fiscal  year,  operations  were  restricted  to  caring  for  the 
public  property  and  buildings. 

For  certain  necessary  repairs  to  the  main  work  and  buildings,  for 
repairing  bridge  connecting  the  fort  with  the  island  of  Key  West,  and 
for  continuing  the  construction  of  the  exterior  batteries  for  modem  guns 
of  large  caliber,  an  appropriation  is  recommended. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year fi75,  000  00 

Fort  Jefferson,  Ourden  Key,  Tortugas,  Florida,  in  charge  of  Capt.  W.  H. 
HeueTj  Corps  of  Engineers. — The  guns  of  this  work  perfectly  command 
the  admirable  harbor  lying  in  the  heart  of  this  group  of  keys. 

During  the  year  the  quarters  and  barracks  within  the  fort  were 
repaired,  kitchens  reroofed,  sewers  cleaned,  and  bridge  over  ditch 
rebuilt    The  embrasures  were  all  scraped  and  painted. 

For  needful  repairs  to  the  work  an  appropriation  for  next  year  is  rec- 
ommended. 

Jfo  appropriation  was  made  for  fiscal  year  ending  June  30,  1879. 

Appropriation  aflked  for  next  fiscal  year $28,000  00 


24  REPORT   OF   THE   CHIEF  OF  ENGINEERS. 

Fort  Pickens^  Penmcola  Harbor ,  Florida^  in  charge  of  Copt  A.  K.  Dam- 
rdlj  Corps  of  Engineers, — ^Tlm  work,  with  Fort  Barrancas,  and  the  pro- 
posed new  batteries  near  the  site  of  Fort  McRee,  constitute  the  defenses 
to  the  town  and  harbor  of  Pensacola,  and  to  the  navy-yard  at  War- 
rin^arton. 

Oi)erations  during  the  year  were  confined  to  necessary  repairs  of 
buildings  and  slight  repairs  to  wharf  damaged  by  a  storm  in  October, 
1877. 

The  condition  of  the  fort  is  the  same  as  at  the  date  of  last  annual 
report. 

Operations  during  the  present  fiscal  year  will  be  confined  to  ordinary 
repairs,  and  care  and  preservation  of  public  property. 

No  ap])ropriation  waa  xnaAe  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $75,000  00 

Fort  Barrancas  and  redoubt^  Pensacola  Harbor^  Florida^  in  charge  of 
Capt.  A.  X.  Damrell,  Corps  of  Engineers. — No  changes  have  been  made 
in  this  work  during  the  last  fiscal  year,  with  the  exception  of  repairs  to 
bridge  and  stairs  in  the  fort. 

No  appropriation  was  made  for  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  McReCj  Pensacola  Harbor j  Florida y  in  charge  of  Capt  A.  N'.  Dam- 
relly  Corps  of  Engineers. — ^The  greater  portion  of  this  fort  has  been  since 
the  war  a  ruin,  having  been  thrown  down  by  the  encroachment  of  the 
sea.  All  property  worth  moving  has  been  ti-ansferred  to  Fort  Pickens, 
Florida. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1879. 

Appropriation  asked  for  next  fiscal  year $50, 000  00 

Fort  Morgan,  eastern  entrance  to  Mobile  Bay,  Alabama,  in  charge  of  Capt. 
A.  X.  Damrell,  Corps  of  Engineers. — This  work,  with  Fort  Gaines  on  the 
western  side  of  the  entrance,  forms  the  outer  line  of  defense  to  the  harbor 
and  city  of  Mobile. 

Tlie  extension  of  the  sea-wall,  referred  to  in  last  annual  rei>ort,  was 
completed  March  13, 1878.  It  is  750  feet  long.  In  its  construction  1,125 
cubic  yards  of  concrete  and  592  cubic  yards  of  brick  masonry  were  re- 
quired; 1,477  cubic  yards  of  sand  were  excavated  from  the  foundation, 
and  7,500  cubic  yards  of  sand  were  hauled  for  back-filling.  The  amount 
of  work,  and  consequently  the  cost,  were  considerably  increased  by  dam- 
age done  by  a  hunlcane  on  the  1st  and  2d  of  October. 

The  quarters  required  for  use  were  repaired  and  painted.  The  boat- 
house,  destroyed  by  the  October  storm,  was  rebuilt.  Two  brick  cisterns 
with  capacity  of  7,300  gallons  each,  for  supplying  workmen  with  good 
water,  were  built,  one  at  each  end  of  the  mess-hall,  and  the  necessary 
conductors  put  upon  the  building. 

No  special  apx)ropriation  ha\ing  been  made  for  this  fort  for  the  next 
flsciil  year,  operations  will  be  confined  to  ordinary  repairs  to  fort,  build- 
ings, and  wharf,  and  care  of  public  proi)erty. 

For  modification  of  the  work  to  admit  of  the  moimting  of  modem 
heav3^  ordnance  an  appropriation  is  asked  for  next  year. 

No  api)ropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Apinojiriatiou  asked  for  next  fiscal  year $75, 000  00 

Fort  OaineSy  Dauphin  Island j  Mobile  Bay,  Alabama^  in  charge  of  Capt. 
A.  N.  Damrellj  Corps  of  Engineers. — Operations  during  the  year  were 
confined  to  neeessarj'  repairs  to  quarters. 

The  condition  of  this  fort  is  the  same  as  at  the  date  of  last  annual 
report. 
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For  modifying  this  work  to  adapt  it  to  a  heavier  armament  than  can 
DOW  be  mount<ed,  an  appropriation  for  next  year  is  recommended. 

Ko  appropriation  was  made  for  the  fij»cal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year |50, 000  00 

Fort  on  Skip  Island^  coast  of  Mississippi ^  in  charge  of  Capt  A.  N".  Dam- 
rdlj  Corps  of  Engineers, — This  work  affords  shelter  to  light-draught  ves- 
sels moving  in  Mississippi  Sound. 

Operations  during  the  year  have  been  confined  to  necessary  repairs  of 
buildings. 

The  condition  of  this  fort  is  the  same  as  at  the  date  of  last  annual 
report. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Fort  Pilc€j  Rigolets  Pa^s,  Louisiana,  in  charge  of  Capt.  C.  W.  Hotcellj 
(jorps  of  Engineers. — ^This  work  commands  the  passage  by  vessels  draw- 
ing 7  feet  or  le«8  through  the  Bigolets  into  Lake  Pontchartrain,  and  to 
tiie  wharves  on  the  lake  front  of  New  Orleans. 

During  the  past  fiscal  year  operations  were  confined  to  care  and  pre- 
servation of  the  work. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Fort  Macomb,  Chef  Menteur  Pass,  Louisiana,  in  charge  of  Capt  C.  W. 
Hottell,  Corps  of  Engineers, — This  work  commands  the  passage  by  vessels 
drawing  4 J  feet  or  less  through  the  Bayou  Chef  Menteur  into  Lake  Pont- 
diar^ain,  and  the  road  along  Gentilly  Ridge,  to  the  city  of  New  Orleans. 

Xo  work  was  done  during  the  past  fiscal  year. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Tower  Ikupri,  LaJce  Borgne,  Louisiana,  in  charge  of  Capt  0.  TT.  HotD- 
eU,  Corps  of  Engineers. — ^This  old  work  is  situated  at  the  entrance  ol 
Bayou  Dnpr6  into  Lake  Borgne. 

Xo  work  was  done  dunng  the  past  fiscal  year. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Battery  Bienvenue,  Lake  Borgne,  Louisiana,  in  cimrge  of  Capt  C.  W. 
EoweU,  Corps  of  Engineers. — ^This  battery  is  situated  at  the  junction  of 
two  branches  of  the  Bayou  Bienvenue,  about  three  miles  from  its  mouth. 

Xo  work  was  done  during  the  year. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Tovcer  at  Proctorsville,  Lake  Borgne,  Louisiana,  in  charge  of  Capt.  C. 
F.  Howellj  Corps  of  Engineers. — ^No  work  was  done  during  the  past  fis- 
cal year. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Jackson,  Mississippi  River,  Louisiana,  in  charge  of  Capt.  C.  TT. 
Howdl,  Corps  of  Engineers. — This  work  aud  Fort  Saint  Philip,  nearly 
opposite,  are  situated  on  the  Mississippi  Eiver,  about  65  miles  below  New 
Orleans,  and  are  the  most  important  of  those  guarding  the  approaches 
to  New  Orleans. 

During  the  past  fiscal  year  operations  were  confined  to  the  care  and 
pie«ervation  t>f  the  work. 

For  needful  repairs  to  the  work,  and  for  continuing  preparations  for 
Bioonting  an  armament  of  heavier  caliber,  an  appropriation  is  asked. 

Ko  appropriation  was  made  for  the  fiscal  ^^ear  ending  June  30, 1879. 

Appropriation  asked  fornext Oaoal year $25,000  00 
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Fart  Saint  Philip^  MtMUsippi  River j  Louisianaj  in  charge  of  Capt,  C. 
W.  Haicellj  Corps  of  Engineers. — ^No  work  was  done  during  the  past 
fiscal  year  beyond  that  necessary  for  the  care  and  preservation  of  the 
work. 

For  needM  repairs  to  the  main  work  and  the  exterior  batteries  of 
heavy  guns  an  appropriation  is  recommended. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1879. 

Appropriation  asked  for  next  fiscal  year $25,  000  00 

Fort  Livingston^  Barataria  Bay^  Louisiana^  in  charge  of  Capt.  C.  W. 
Sowell^  Corps  of  Engineers. — ^This  barbette  work  is  situated  on  the  west- 
em  end  of  Graiid  Terre  Island,  at  the  entrance  to  Barataria  Bay.  It 
guards  the  only  approach  to  New  Orleans  by  vessels  drawing  7  feet  or 
less,  available  on  the  west  side  of  the  Mississippi  River.  It  also  secures 
a  safe  anchorage  and  harbor  of  refuge  for  our  light-draught  coasters  in 
time  of  war. 

Operations  during  the  past  fiscal  year  were  confined  to  a  few  slight 
repairs  necessary  for  preservation  of  the  buildings. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
No  appropriation  asked  f6r  next  fiscal  year. 

Fort  at  Fort  Pointy  entrance  to  San  Francisco  Harbor j  California^  in 
charge  of  Lieut.  Col.  C.  S.  Stewart^  Coxps  of  Engineers. — ^This  im]>ortant 
work,  with  its  exterior  barbette  batteries  for  heavy  guns,  forms  the  de- 
fense of  the  south  side  of  the  Golden  Gate,  the  entrance  to  San  Fran- 
cisco Harbor. 

The  work  has  been  in  charge  of  watchmen.  Only  such  labor  has  been 
expended  as  was  necessary  for  repairs. 

To  put  the  exterior  batteries  for  heavy  guns  in  condition  to  receive 
their  armament  and  to  make  needfiil  repairs,  an  appropriation  is  recom- 
mended. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $100, 000  00 

Fort  at  Lime  Pointy  San  Francisco  Harbor.  Calif omia^  in  charge  of  Maj. 
Oeorge  H.  Mendellj  Corps  of  Engineers. — This  fort,  and  its  detached 
earthen  barbette  works  at  Point  Cavallo,  Lime  Point  Ridge,  and  Gravelly 
Beach,  constitute  the  defenses  of  the  entrance  to  the  harbor  of  San  Fran- 
cisco on  the  northern  shore  of  the  Golden  Gate. 

•  The  works  and  public  property  have  been  under  the  charge  of  keepers 
throughout  the  year.  !N^o  construction  was  in  progress,  all  ojierations 
being  suspended  for  want  of  fiinds.  No  changes  have  taken  place  either 
in  number  of  platforms  or  in  armament. 

The  batteries,  including  parapets,  magazines,  and  platforms,  remain  in 
good  condition  and  have  been  well  cared  for. 

In  order  to  complete  the  works  as  projected,  and  to  include  the  rebuild- 
ing of  the  wharf  and  wooden  reservoir-tank,  and  repairs  of  steamer,  the 
sum  of  $100,000  will  be  required,  $80,000  of  which  can  be  profitably  ex- 
pended in  the  year  ending  June  30, 1880. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 

•Appropriation  asked  for  next  fiscal  year $80,  000  00 

Fort  on  Alcatraz  Island^  San  Francisco  Harbor ^  Calif orniaj  in  charge  of 
Maj.  Oeorge  H.  Mendellj  Corps  of  Engineers. — ^This  work  occupies  a  valu- 
able position  for  the  defense  of  the  entrance  to,  and  the  inner  waters  of, 
the  harbor  of  San  Francisco,  covering  the  whole  of  a  rocky  island,  the 
shores  of  which  rise  abruptly  from  the  water  to  a  height  sufficient  to  se- 
cure it  from  surprise.  The  fortifications  have,  from  their  inception,  con- 
sisted chiefly  of  open  barbette  batteries  for  the  heaviest  guns. 
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A  keeper  was  in  charge  of  the  works  and  public  property  throughout 
the  year.  No  construction  or  other  operations  were  carried  on  during 
the  year  except  such  repairs  as  were  essential  for  the  preservation  of  the 
works.  These  repairs  were  applied  mainly  to  the  wharf  and  in  painting 
embrasure-irons,  boat,  and  other  articles  which  required  it.  The  condi- 
tion of  the  works  remains  good.  No  changes  took  place  during  the  year 
either  in  the  number  of  platforms  or  in  the  armament.  The  severe  storms 
of  the  winter  did  a  little  damage  to  the  wharf,  and  some  to  the  slopes  in 
seAcral  places. 

The  operations  of  the  coming  year  will  be  confined  to  such  repairs  as 
the  keeper  can  make. 

For  continuing  the  construction  of  the  batteries  in  accordance  with 
the  existing  project  an  appropriation  is  recommended. 

Ko  apprD]>Tiation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

ippropriation  asked  for  next  iiscal  year $30, 000  00 

Batteries  at  Point  San  Jos6^  San  Francisco  Harbor,  California,  in  charge 
of  Lieut,  GoL  C.  S.  Stewart,  Corps  of  Engineers, — ^These  temporary  bat- 
teries are  unserviceable.  The  timber  platforms  and  the  wood-work  of 
the  magazines  are  decayed  and  falling  to  pieces.  No  work  has  been 
done  during  the  past  fiscal  year,  and  none  is  contemplated  during  the 
present  year  unless  repairs  necessary  for  practice  firing. 

Projects  for  new  batteries  for  the  occupation  of  this  important  point 
in  the  second  line  of  defense  for  the  bay  and  harbor  of  San  Francisco 
have  been  prepared. 

Batteries  on  Angel  Island,  San  Francisco  Harbor,  California,  in  charge  of 
Lieut.  CoL  C.  8.  Steicart,  Corps  of  Engineers, — ^These  three  temporary  earth- 
works, constructed  during  the  late  war,  are  essentially  unserviceable. 
The  platforms  are  decayed,  and  most  of  the  carriages  have  been  con- 
demned. No  exi)enditures  have  been  made  and  none  are  at  present  con- 
templated. 

Projects  for  open  batteries  for  heavy  guns  and  mortars  to  occupy  points 
bearing  ux>on  the  channels  leading  to  the  upper  portion  of  the  bay  and 
the  navy-yard  at  Mare  Island  have  been  made  by  the  Board  of  Engineers 
fo  Fortifications. 

Fort  at  San  Diego,  California,  in  charge  of  Lieut.  Col.  C.  S.  Steicart, 
Corps  of  Engineers, — This  work  is  situated  on  Ballast  Point,  near  the 
ffiOQth  of  the  bay  and  harbor  of  San  Diego,  and  commands  the  channel 
of  entrance  thereto.  It  has  been  in  charge  of  a  watchman.  The  pubUc 
buildings  and  prox)erty  are  in  good  condition. 

To  continue  the  construction  of  the  barbette  battery,  no  part  of  which 
is  in  condition  to  receive  an  armament,  an  appropriation  is  recommended. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 

Appmpriation  asked  for  next  fiscal  year ^70,  000  00 

Defenses  at  ike  mouth  of  the  Columbia  Ri^er,  Oregon,  in  charge  of  Maj, 
John  M.  Wilson,  Corps  of  Engineers,— ^The  defenses  consist  of  Fort  Stevens, 
Point  Adams,  Oregon,  on  the  south  side,  and  Fort  Cauby,  Cape  Hancock, 
Washington  Territory,  on  the  north  side  of  the  entrance  to  the  river. 
These  works  are  earthen  barbette  batteries,  and  constitute  the  only  de- 
fenses of  the  mouth  of  the  Columbia  Kiver. 

Fort  Canby, — ^The  three  batteries  require  extensive  repairs;  two  of 
the  service  magazines  are  entirely  in  ruins,  and  the  third  is  not  in  good 
order;  the  wowien  revetments  and  platforms  are  rapidly  decaying;  the 
poads  leading  to  the  batteries  are  in  bjwl  condition.  No  work,  except 
that  o(  painting  the  main  magazine^  has  been  done  during  the  past  year 
for  want  of  fioncis. 
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Fort  fitereM. — ^All  the  platformi?,  except  that  of  the  15-mch  ^n,  are 
hazily  dw-ayed,  and  shoald  be  renewed :  the  drainage  of  the  ditch  re- 
fjiiire«  attention^  and  the  revetment  of  the  sally-port  is  in  bad  condition. 
Ihiriii^  the  pa«t  year  minor  repaire  have  been  made  to  the  platforms  and 
to  the  bridge  acro^  the  moat  at  the  sally-port. 

A  new  revetment  of  bmsh  and  stone  and  several  small  wingr-dams 
have  tieen  constructed  alon^  the  shore  of  Point  Adams  to  preserve  the 
site  of  Fort  Stevens,  upon  which  the  sea  has  been  rapidly  encroaching. 
This  work  has  saved  the  fort  from  being  nndermined,  but  the  forces 
brought  to  bear  at  this  locality  are  so  great  that  it  impossible  to  tell  what 
may  occur  during  the  next  winter. 

Hurleys  have  been  made  of  Point  Adams,  Clatsop  Spit,  and  the  Swash 
Channel,  and  charts  prepared. 

To  put  these  works  in  good  condition  for  defense,  an  appropriation  is 
asked  for  next  year. 

Ko  appropriation  wa«  made  for  the  fiscal  yew  ending  June  30,  1879. 

AppTfipriation  aaked  Cor  next  fiscal  year  /. $30,000  00 

BOARDS  OF  ENGINEERS. 

The  Board  of  Engineen  for  Fortifications^  stationed  in  Xew  York  City, 
consi.stiug  of  Col.  J.  G.  Barnard,  Col  Z.  B.  Tower,  and  Lieut,  Col.  H.  G. 
Wright,  and,  for  the  time  beuig,  the  officer  in  charge  of  the  defenses  un- 
der consideration,  has,  during  the  past  fiscal  year,  been  chiefly  engaged 
ui>on  question  of  constructing  permanent  shot-beds  in  Fort  Pickens  at  the 
present  time ;  upon  inquiry  of  the  Secretary  of  the  Interior  as  to  what  i)art 
of  Dry  Tortugsis  and  other  islands  of  the  Florida  Reef,  reserved  by  oi^er 
of  the  President  on  the  17th  of  September,  1841,  are  no  longer  reiiuired 
for  military  puqwses ;  upon  the  necessity  of  retaining  sites  for  defensive 
works,  &c.,  and  light-houses  in  Mobile  Bay ;  Mississippi  Sound ;  Amelia 
Island ;  Tampa  Bay ;  Batton  Island ;  Sauit  John^s  River ;  Charlotte  Har- 
bor; Sea  Horse,  North  and  Snake  keys;  Crooked  Island,  Saint  Andrew's 
Bay ;  Flag,  Dog,  and  Saint  George's  islands.  Saint  George's  Sound ;  Saint 
Joseph's  Bay ;  entrance  to  Santa  Rosa  Sound ;  and  other  resersatious 
on  the  coasts  of  Louisiana,  Mississippi,  Alabama,  and  Florida:  ui)on  sub- 
ject of  preservation  of  site  of  Fort  Hale,  New  Haven  Harbor,  Connecti- 
cut ;  ui>on  present  condition  of  the  fort  and  recommendations  concerning 
mauitenance  of  present  work  until  a  permanent  structure  for  the  de- 
fense of  that  harbor  is  provided ;  upon  present  value  of  the  site  of  Tower 
Dui)r^,  Louisiana,  as  a  military  position  for  the  defense  of  New  Or- 
leans and  vicinity ;  upon  insi)ection  of  Fort  McHenry  reservation  and 
the  subject  of  relinquishing  to  certain  citizens  of  Baltimore,  ^Id.,  a  por- 
tion of  that  tract  for  the  purposes  of  a  dr>'-dock;  ujwn  invention  of 
Mr.  W.  H.  Hubbell  of  a  "self  acting-torpedo,  or  na\^  destroyer";  sub- 
mitting detailed  drawings  shov^ing  modifications  proposed  by  Board  to 
convert  the  casemates  of  three  of  the  fronts  of  Fort  Schuyler,  New  York 
Harbor,  to  admit  guns  of  the  power  of  modem  80  or  100  ton  rifles,  be- 
hind shields  of  iron,  with  estimate  of  cost  of  same ;  submitting  project 
for  expenditure  of  appropriation  for  torpedo  purposes  for  ensuing  tiseal 
year;  submitting  detail^  drawings  exhibiting  defenses  designe<l  for 
Galveston  Harbor,  Texas,  with  estimates  of  cost ;  submitting  (&awing8 
exhibiting  details  of  modifications  proposed  at  Fort  Carroll,  Maryland,  to 
adapt  its  casemates  to  receive  guns  of  the  power  of  the  modem  80  or 
100  ton  rifle-gun,  and  providing  for  iron  shields  in  front  to  enable  them 
to  resist  an  enemy's  projectiles  fired  from  guns  of  like  character,  and  to 
arran^'e  the  barbette  tier  to  receive  the  15-inch  smooth-bore  or  12- 
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inch  rifle  gun,  with  estimates  of  cost  of  same;  presenting  plans  of 
gun  and  mortar  batteries  on  Cow  Island  and  Great  Hog  Island,  to  con- 
trol the  entrance  by  way  of  Hussey's  Soimd  into  Casco  Bay  and  Port- 
land Harbor,  Maine,  with  estimates  of  cost  of  same ;  upon  Mr.  John 
Rider's  *^  gondola  life-boat  and  raft,''  which  he  proposes  to  adapt  to 
military  purposes  in  moving  troops  across  rivers.  &c.;  submitting  plans 
showing  proposed  modification  of  the  South  Bluff  Battery  at  Fort  Wash- 
ington, Potomae  Eiver,  Maryland,  and  for  constniction,  as  far  as  de- 
termined upon  at  this  time,  of  new  batteries;  in  reply  to  inqiury  of 
the  Chief  of  Ordnance  as  to  the  dimensions  of  the  embrasures  of  our 
penuament  works,  with  a  view  to  the  determination  of  casemate  carriages 
therefor. 

During  the  year  the  board  has  also  continued  the  consideration  of  the 
snbject  of  redoubts  or  keeps  for  the  defense  of  the  numerous  isolated 
batteries  already  designed,  when  too  distant  from  the  main  works  to 
receive  adequate  supiK)rt  from  the  latter. 

Plans  for  the  modification  of  Fort  Clinch,  Fla.,  are  completed,  but 
withheld  for  reAosion  and  consideration  of  the  subject  of  exterior  bat- 
teries. 

The  study  of  the  defense  of  San  Francisco  Harbor  by  means  of  torpe- 
does has  been  continued  during  the  year. 

The  questions  involved  in  the  gradual  deterioration  of  the  Delaware 
breakwater  harbor  have  received  the  attention  of  the  boartl,  its  final 
action  being  deferred  to  enable  further  necessary  surveys  and  ciurent 
observations  to  be  made  by  the  local  engineer. 

The  location  of  the  10-gun  battery  at  Fort  Washington  is  yet  unde- 
termined and  will  require  a  personal  examination  of  the  ground. 

The  question  of  the  occupation  of  "The  Dumplings,"  on  Conanicut 
IdflDd,  opposite  Fort  Adams,  E.  I.,  and  the  plans  for  the  modification 
of  Fort  Knox  and  its  exterior  batteries,  are  as  yet  undetermined. 

Hie  foregoing  account  of  the  recent  labors  of  the  board,  considered  in 
connecrion  with  the  review  embodied  in  its  last  annual  report  of  its  work 
fst  the  ten  years  previous  and  of  the  present  status  of  the  system  of  coast 
aiMl  harbor  defense,  shows  that  a  very  important  class  of  questions  are 
yet  demanding  study. 

Tlie  plans  prepared  for  Forts  Lafayette,  Schuyler,  and  Carroll  are  but 
tke  iniriation  of  like  study  in  the  category  of  important  works  requir- 
ing analogous  modifications.  Former  reports  of  the  board  have  shown 
that  the  exigencies  of  the  case  when,  after  the  war,  regular  work  on  our 
eoa«t  defenses  was  resumed,  required  the  Engineer  Department  to  con- 
fine its  operations  mainly  to  the  development  of  new  earthen  batteries 
and  the  improvement  of  the  barbette  batteries  of  existing  masonry 
works,  rather  than  to  altering  the  works  themselves. 

Hliat  snch  alterations  shall  consist  in  must  now  be  considered,  and  in 
case  of  the  three  works  just  mentioned,  has  been  in  a  tentative  way  solved. 
Of  the  first-class  works  yet  to  be  considered  may  be  mentioned  the  fort 
at  Sandy  Hook ;  Fort  Wadsworth,  Staten  Island  ("Narrows"  approach 
to  New  York) ;  fort  at  Willets  Point,  opposite  Fort  Schuyler  (East  Kiver 
approach  to  New  York) ;  Fort  Delaware,  Delaware  Bay  (approach  to 
Piuladelphia) ;  Fort  Wool,  Hampton  Eoads  (approach  to  Noifolk  and 
James  River) ;  Fort  Taylor,  harlxMr  of  Key  W  est^  Fla. ;  Fort  Jefterson, 
harbor  of  the  Dry  Tortugas ;  the  fort  at  Fort  Point,  Golden  Gate,  Cali- 
fornia, entrance  to  San  Francisco  Bay. 

For  the  proposed  fort  on  Lime  Point,  the  substitution  of  open  earthen 
batteries  at  neighboring  locaUties  has  been  resorted  to.    The  question 
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still  remains  open  as  to  its  construction  and  design,  the  plans  originally 
made  for  it  being  no  longer  applicable. 

Fort  Morgan,  entrance  to  Mobile  Bay,  and  Forts  Jackson  and  Saint 
Philip,  on  the  Mississippi,  below  New  Orleans,  also  require  attention. 

The  same  may  be  said  in  relation  to  a  class  of  minor  works,  such  a« 
Fort  Washington,  Potomac  Kiver,  Maryland  5  Fort  Caswell,  N.  C,  mouth 
of  the  Cape  Fear  River,  and  others. 

TORPEDO    DEFENSE. 

The  work  of  the  board  in  this  connection,  for  which  special  duty  Maj. 
H.  L.  Abbot,  in  charge  of  the  torpedo  school  at  Willets  Point,  is  a  mem- 
ber, is  exhibited  as  follows : 

TORPEDO  TRIALS. 

The  trials  inaugurated  in  1869  to  develop  the  best  system  of  torpedo 
defense  for  our  harbors  and  navigable  channels,  have  been  steadily  prose- 
cuted as  heretofore,  the  labor  being  supplied  by  the  engineer  troops  at 
Willets  Point.  The  following  is  a  brief  summary  of  the  results  attained 
during  the  past  year : 

Submerged  ring. — Fifty  shots  have  been  fired  to  obtain  data  ui)on  the 
following  points : 

Ist.  The  possible  detonation  of  gunpowder. 

2d.  The  practical  value  of  certain  picrate  compounds. 

3d.  The  effect  upon  the  intensity  of  the  shock  produced  by  motion 
communicated  to  the  object  receiving  the  blow. 

4th.  The  completion  of  the  data  designed  for  a  general  mathematical 
discussion  of  the  laws  governing  the  transmission  of  the  shock  through 
the  fluid.    The  conclusions  reached  are  the  following : 

Within  the  limits  of  actual  service  no  advantage  can  be  derived  from 
attempts  to  cause  the  detonation  of  gunpowder  in  torpedo-cases. 

The  picrate  compounds  are  far  inferior  to  dynamite  as  an  explosive 
for  use  in  submarine  mining. 

Lack  of  stability  in  the  object  receiving  the  shock  enormously  reduces 
the  normal  effect  produced  by  the  explosion ;  not  exceeding  16  i)er  cent, 
being  utilized  under  certain  conditions. 

A  final  mathematical  analysis  of  the  ma^s  of  data  bearing  upon  the 
laws  governing  the  transmission  of  the  shock  through  the  fluid  has  been 
made  by  Major  Abbot,  and  he  has  submitted  formulsB  based  upon  about 
160  explosions,  giving  over  1,400  indej)endent  measurements  upon  dy- 
namite acting  upon  rigidly-held  gauges.  Within  the  limits  of  measure- 
ments, which  range  from  one-fourth  of  a  pound  to  200  pounds,  and  from 
1  foot  to  80  feet,  the  accordance  between  the  formulaB  and  the  data  is 
surprising,  considering  the  difficulty  of  the  investigation. 

Torpedo  target — The  series  of  experiments  with  this  target  which  was 
designed  to  represent  a  section  from  the  bottom  of  a  first-class  ship-of- 
war  of  the  present  day,  have  been  brought  to  a  successful  conclusion. 
Ten  shots  in  all  have  been  fired,  the  resiUts  furnishing,  to  a  degree,  the 
information  for  which  it  was  constructed. 

Torpedo  cases. — A  marked  improvement  has  been  made  in  the  pattern 
adopted  for  the  ground  torpedo.  The  new  form  is  a  segment  of  a  sphere, 
of  which  the  height  is  two-thirds  of  the  radius.  It  is  made  of  cast  iron 
0.7  of  an  inch  thick,  with  strong  internal  flanges.  Experiment  has  shown 
that  it  will  resist  the  explosion  of  a  neighbor  at  a  horizontal  distance  of 
60  feet 
Tlie  adopted  form  of  the  buoyant  torpedo  is  spVim'cai,  Z2l  ixwihes  in 
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diameter.  In  strong  currents  and  deep  water  this  lacks  the  needful 
baoyancy.  As  larger  sizes  are  rarely  required,  and  as  the  cost  rapidly 
increases  with  the  radius,  trials  have  been  made  with  a  new  tyi>e  in  which 
the  desired  buoyancy  is^  given  by  uniting  spherical  ends  by  a  cylindrical 
middle.  Sizes  corresponding  in  buoyancy  to  a  43-inch  and  a  46-inch 
spherical  case  have  been  adopted,  after  having  resisted  the  explosion  of 
a  neighbor  at  a  horizontal  distance  of  40  feet.  Torpedoes  of  this  pat- 
tern are  now  constructing  for  use  at  the  Narrows  of  New  York  Harbor. 

To  test  the  endurance  of  torpedoes  under  exposure  to  salt  water,  wave«, 
&c,,  one  was  planted  in  the  channel  oft*  Willets  Point  in  August,  1874. 
It  is  now  entirely  serviceable  after  a  lapse  of  neariy  four  years.  The 
wire  mooring-roi)e  is  the  only  part;  which  has  needed  renewal  diuring  this 
period. 

Circuit  closers. — ^Major  Abbot  has  devised  an  inexpensive  addition  to 
the  adopted  pattern  which  has  obviated  its  only  fault,  the  necessity  for 
the  use  of  electricity  of  high  potential  for  firing  at  will.  The  new  im- 
provement leaves  nothing  to  be  desired  in  this  apparatus. 

The  telephone. — Experiments  have  been  made  to  determine  the  value 
of  this  new  invention  for  the  torpedo  service,  and  a  form  has  been  pro- 
visionally adopted  which  supplies  a  useful  purpose  in  the  system  pre- 
ferred for  tracking  the  course  of  a  hostile  vessel  attempting  to  pass  the 
iioits  guarding  a  channel. 

BEGOMMENDATIONS. 

The  new  laboratory  at  Willets  Point  has  been  completed  and  is  now 
occupied.  The  proof-edition  of  the  Torpedo  Manual,  prepared  by  Major 
Abbot,  is  finish^  and  is  in  use  in  the  instruction  or  the  troops.  These 
fiicts  give  increased  weight  to  the  recommendations  of  the  board  hereto- 
fore made,  that  the  number  of  engineer  soldiers  kept  under  instruction 
in  the  practical  duties  of  applying  the  torpedo  system  to  the  defense  of 
oar  harbors  should  be  increased  to  a  minimum  of  520  men.  At  pres- 
et less  than  150  instructed  men  are  available  for  defending  the  whole 
of  onr  extended  coast. 

The  board  also  renews  its  recommendation  of  last  year,  that  a  special 
appropriation  be  asked  for  preparing  our  more  important  fort's  for  oper- 
ating submarine  mines.  An  appropriation  of  $100,000  would  do  much 
to  remove  this  serious  defect  in  the  existing  works,  which  would  be  fatal 
to  their  efficiency  in  case  of  a  sudden  war  with  a  maritime  power. 

The  board  also  recommends  that  an  appropriation  of  $100,000  be  asked 
for  eontinaing  the  purchase  of  torpedo  materials,  not  easily  to  be  obtained 
in  haste,  for  instructing  the  engineer  troops  in  the  use  of  the  same,  and 
for  contdnuing  the  series  of  trials  now  in  progress^ 

The  Board  of  Engineers  for  the  Pacific  Coast  diuring  the  past  fiscal 
year  has  consisted  of  Lieut.  Col.  B.  S.  Alexander,  Lieut.  Col.  C.  S.  Stew- 
art, Lieut.  Col.  R.  8.  Williamson,  and  Maj.  Greorge  H.  Mendell,  with  First 
Lieut  A.  H.  Payson  recorder.  Maj.  John  M.  Wilson,  Corps  of  Engi- 
neers, was  associated  with  the  board  diuring  a  part  of  the  time. 

During  the  past  fiscal  year  the  board  has  acted  and  rei)orted  upon  the 
Borvey,  plans,  and  estimates  for  a  canal  around  the  Cascades  of  the 
Colambia  River,  and  the  improvements  to  the  navigation  of  the  Colum- 
bia River  above  the  Cascades.  Oregon;  considered  the  encroachments  of 
the  sea  and  of  the  Columbia  River  on  the  shore  of  Point  Adams,  Oregon, 
mdangeriRg  the  site  of  Fort  Stevens;  and  studied  the  question  of  sur- 
face and  subsurface  currents  in  the  Bay  of  San  FranciacOj  witb  a  view 
of  ^tablishing  a  sjTBtem  of  torpedo  or  submarine  defense. 
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BATTALION  OF  EXGIXEEES  AXD  EXGIXEER  DEPOT. 

Batt//Jff/m  of  Engineem^  torn  manded  hff  Maj,  H.  L.  AhUfU  Corp9  of  Engineers^ 
k^adqaartert  WilleU  Foiut^  eoMterm  emtramce  to  XtK  Tori  Harbor, 

The  sirreijj(th  of  the  Battalic«i  of  Engineers  on  June  30, 1878,  was  13 
comiul^sioiied  officei^  and  llO  enlisted  men. 

It  wa>>  under  the  ecimmand  of  3Iaj.  Henry  L-  Abbot,  and  was  sta- 
tione<l  a.>  follows :  At  Willets  Point,  Xew  York  Harbor,  the  headquarters, 
Coinjiany  A,  Capt.  T.  H.  Handbory;  Company  B,  Capt.  A,  M.  Miller; 
Couijiany  C,  Capt.  J.  F.  Gregoiy.  At  West  Point,  Company  E,  Capt.  0. 
U.  Eni>t. 

I>etaih  mentis  were  Rationed  as  follows,  nnder  command  of  the  officers 
of  eii^ne^Ts  serving  on  the  staff  of  eommandin^:  generals :  Department 
of  the  Missouri,  1  f?er*reant  and  1  private ;  Department  of  Dakota,  1 
sergeant  and  3  privates. 

Until  De^!eml>er  12,  1877.  no  recruiting  was  j^ermitted  beyond  the  re- 
enlistment  of  discharged  soldiers  in  their  former  companies.  After  that 
date  vai'ancies  were  filled  as  they  occurred  by  enlistments  at  the  posts 
where  the  companies  were  stationecL  Uixm  this  system  24  soldiers  were 
enlisteil  during  the  year,  13  were  re-enlisted,  4  deserted,  and  2  desert- 
ers were  ajiprehended. 

At  Willets  Point,  as  heretofore,  the  troops  have  performed  the  ordi- 
nary military  duties  of  the  jH>st;  cared  for,  receiveil,  and  issued  the 
instruments  and  property  i>ertaining  to  the  engineer  depot ;  remodeled 
a  iKirtion  of  the  bridge  equipage,  and  i)erformed  necessary*  labor  upon 
the  pi>st  and  public  buildings. 

At  West  Point,  Company'  E,  in  addition  to  ordinary  post  duties,  has 
aided  in  the  instruction  of  the  cadets  in  i)ontoniering,  signaling,  teleg- 
rajihy,  and  field  fortification. 

During  the  railroad  riots  which  occurred  in  the  summer  of  1877,  the 
headquarters  and  the  three  companies  from  Willets  Point  served  at 
Baltimore,  Md.,  Phila<lelphia,  and  Easton,  Pa.,  i)erfomiing  their  deli- 
cate duties  in  a  manner  to  receive  the  marked  commendation  in  orders 
of  Major-Cjeneral  Hancock,  commanding  the  division. 

Tlie  follo\iing  is  the  general  system  of  instruction  for  the  Engineer 
Battalion : 

The  company  at  West  Point  has  received  careful  drilling  in  the  vari- 
ous duties  i>ertaining  to  its  arm  of  service,  except  in  submarine  mining, 
for  which  there  are  no  facilities. 

Willets  Point  constitutes  the  regular  school  of  application  for  the 
engineer  service.  The  usual  tour  of  service  for  the  captains  and  battal- 
ion staff'  officers  is  four  years.  The  subalterns  for  company  duty  consist 
of  the  most  recent  additions  to  the  corps,  who,  upon  graduating  at  the 
Militiiry  Ac'ademy  at  West  Point,  are  attached  to  the  companies  at  Wil- 
lets I*oint  for  two  or  three  years  to  become  familiar  with  the  routine  of 
serv  ice  with  troops,  and  to  learn  the  practical  duties  of  their  profession, 
such  as  the  use  of  astronomical,  meteorological,  surveying,  and  recon- 
noitering  instruments ;  photography,  especially  as  used  in  the  field  for 
the  duplication  of  campaign  maps ;  the  constniction  of  militaiy  bridges; 
military  mining;  and  field  fortifications,  and  the  use  of  tori>edoes  for 
harlKir  dc^fense. 

The  enlisted  men  receive  during  the  summer  practical  instruction,  and 
during  the  winter  theoretical  instruction,  in  their  duties  as  engineer 
soldiers. 

The  schools  are  conducted  in  each  company  by  their  commanding 
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o£Soers.  A  system  of  marks  similar  to  that  at  West  Point  is  adopted, 
and  the  standing  of  each  non-commissioned  officer  is  published  annually 
in  battalion  orders. 

Much  attention  is  devoted  to  the  study  and  development  of  submarine 
mining  for  the  defense  of  our  coasts  against  hostile  fleets,  a  duty  which 
has  l>een  added  to  the  engineer  service  since  the  civil  war. 

A  fine  laboratory  has  been  constructed,  and  officers  and  men  are 
thoroughly  trained  in  the  application  of  electricity  to  ignitions,  the 
manipulation  of  defensive  torpedoes,  and  the  use  ^f  nioilem  explosive 
comiK>unds.  The  immense  importance  of  this  new  bninch  of  national 
defense  is  not  propt^ly  appreciated,  and  the  number  of  enlisted  men  now 
under  instruction  is  entirely  inadequate  to  the  needs  of  the  serv  ice.  In 
this  connection  I  desire  to  resi)ectfiilly  urge  upon  the  Secretaiy  of  War 
the  following  recommendation  contained  in  my  last  annual  report, 
remarking:  that  the  engineer  troops,  while  ordinarily  employed  in  their 
separate  and  special  duties,  have  proved  themslelves  to  be  available  in 
emergencies  for  excellent  service  as  infantry  of  the  line.  Indeed,  in  dis- 
cipline, markmanship,  and  drill  they  are  second  to  none  in  the  service. 

In  oar  service,  as  in  that  of  Great  Britain  and  other  nations,  the  duty  of  deviHin^ 
and  perfecting  a  system  of  torpedo  defense  to  be  used  in  combination  with  the  forts, 
and  of  practicaHy  applying  it  m  case  of  war,  has  been  assigned  to  the  engineer  troops. 
The  legal  organization  of  the  battalion  (752  enlisted  men)  is  sufticieut  to  warrant  a 
reasonable  expectation  that,  with  the  needful  material  in  store,  this  highly  important 
dnty  will  be  satisfactorily  performed.  Under  existing  orders,  issued  at  the  recent 
rwlBction  of  the  Army,  the  force  authorized  to  be  kept  m  service  is  fixed  at  200  men,  a 
Dcmlier  qnite  insufficient  to  afford  any  proper  grounds  for  believing  that  even  our 
more  important  sea-ports  could  be  properly  protected  by  torpedoes  in  time  to  prevent 
tbeir  destruction.  Every  ef!brt  is  now  making  to  thoroughlj^  prepare  the  men  for 
these  duties,  which  involve  long  training  and  higher  intelligence  than  it  is  common  t4» 
find  in  the  ranks.  Individual  records  are  kept,  showin*;  the  qualifications  of  each 
man,  as  determined  by  his  instructors  from  his  regular  drills  and  exercises;  But  still 
tlw  fact  remains  that  the  force  is  too  small  to  perform  the  responsible  duties  assigneil 
to  it,  and  I  therefore  feel  it  my  duty  to  urge  that  the  organization  may  be  recruited  to 
SWmen,  the  number  judged  to  be  the  minimum  consistent  with  a  reasonable  state  of 
pf^paration  for  unexpecte<l  hostilities.  This  number  is  but  little  more  than  two-thirds 
of  the  maximum  fixed  by  law,  and  no  increase  in  the  legal  organization  is  therefore 
Beeded. 

Engineer  post  and  depot  at  Willets  Painty  New  York  Harbor ^  commanded 
ty  Maj,  M.  L.  Abbot j  Corps  of  Engineers, — ^At  Willets  Point  is  situate<l 
tie  en^neer  depot  of  the  Army,  where  the  bridge  equipage  and  tools  for 
field  service,  the  toi^iedo  material  collected  for  the  defense  of  our  princi- 
pal harbors,  and  the  astronomical  and  surveying  instruments  used  by 
the  Corps  of  Engineers  upon  the  various  military  and  civil  works  of  the 
eountry,  are  collected,  stored,  and  issued  as  required.  The  duty  of  guard- 
ing and  handling  this  property  is  i)erformed  exclusively  by  soldiers  of 
en^eers. 

The  post  has  developed  into  a  usefiU  school  of  application  for  the 
engineer  ser\ice,  where  officers  and  men  are  exercised  in  their  various 
military  duties,  comprising  submarine  mining  for  the  defense  of  our  har- 
bors, military  mining  in  land  operations,  military  bridge  making,  field 
fortifications,  military  reconnaissance  and  map  making  with  armies  in 
the  field,  military  photography  and  map  printing,  &c.  The  officers  are 
also  fiimished  with  the  needful  facilities  for  l)ecoming  familiar  mth  the 
iu^rumen t8  and  methods  in  use  upon  the  various  ci\il  works  of  the  cori^s, 
.•Hich  as  practical  astronomy,  surveys,  explorations,  hydraulic  operations 
asnal  in  river  and  harbor  improvements,  &c.  It  has  become  customary, 
before  a^signin^  them  as  assistants  upon  the  various  works  conducted 
ty  the  corps,  to  re<inire  engineer  officers,  on  grailuating  from  the  Military 
Academy  at  We«t  Point,  to  spend  about  two  years  at  Willets  Point,  per- 

3e  * 
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fonnin^  ordinary  company  dnty  with  the  troops,  and  devoting  their 
leisure  time  to  acquiring  practical  experience  in  the  duties  named  above. 
The  only  appropriations  requested  for  the  coming  year,  are  the  usual 
amounts  of  $1,000  for  the  purchase  of  engineer  materials  to  be  used  for 
the  instruction  of  the  troops,  and  $4,000  for  the  contingent  expenses 
named  below. 

Estimate  of  funds  required  far  the  Battalion  of  Engineem  and  Engineer  Depot  at  WiUeti 
Point,  Sew  York  Harbor,  for  the  fiscal  year  ending  June  30,  1880. 

« 

For  the  piirchaAe  of  engineer  materiaU  to  continue  the  present  conrBe  of 

iiwtniction  of  the  battalion  in  tield-engineering $1, 000  00 

For  the  incidental  expenses  of  the  depot,  snch  as  remodeling  ponton-trains, 
repairing  instruments,  purchasing  fuel,  forage, stationery,  chemicals,  extra- 
duty  pay  for  soldiers  engaged  in  special  skille<l  labor,  such  as  wheelwright 
work,  printing,  binding,  pliotographing,  and  lithographing  engineer  docu- 
ments, &c 4,000  00 

Total 5,000  00 

CURRENT  OBSERVATIONS  IN  REFERENCE  TO  TORPEDO 

DEFENSE. 

Some  questions  having  arisen  regarding  the  practicability  of  api)lying 
tori>edoe8  in  the  defense  of  the  bay  and  harlwr  of  San  Francisco,  Cal., 
on  account  of  the  8ui)iK)sed  velocities  of  the  surfiice  and  subsurface  cur- 
rents, a  series  of  observations  were  made  in  this  connection  during  the 
past  year.  The  report  of  Lieut.  A.  H.  Payson,  Cori)s  of  Engineers,  who 
conducted  the  obsen'ations,  is  of  interest,  and  will  be  found  in  Ap- 
I)endix  1X3  of  this  report. 

RIVER    AND    HARBOR    IMPROVEMENTS. 

On  the  1st  day  of  July,  1877,  there  was  available  for  the  continua- 
tion of  work  uiK)n  the  improvement  of  rivers  and  harbors  the  sum  of 
$4,274,662.20,  being  the  balance  of  the  appropriation  of  August  14, 1876, 
and  of  previous  dates. 

During  the  fiscal  year  ending  June  30,  1878,  Congress  made  the  fol- 
lowing appropriations,  and  as  the  amounts  were  made  at  once  available, 
the  whole  sum  applicable  to  canying  on  works  of  improvement  during 
the  tiscal  year  was  $4,403,162.20,  viz : 

For  the  removal  of  snags  and  other  obstructions  from  the  Mississippi, 
Missouri,  and  Arkansas  Rivers,  &c.,  $40,000. 

For  the  purpose  of  opening  the  na^igation  of  Red  River,  above  Shreve- 
port,  in  the  State  of  Louisiana,  and  keeping  said  navigation  open  and 
free  from  rafts,  &c.,  $6,000. 

To  pay  the  current  expenses  of  operating  the  Des  Moines  Rapids  Canal, 
on  the  Upper  Mississippi  River,  until  July  1,  1878,  $7,500. 

For  the  purpose  of  continuing  the  improvements  of  Galveston  Har- 
bor, in  the  State  of  Texas,  $75,000. 

Of  the  above  available  sum,  $4,403,162.20,  there  has  been  expended 
during  the  fiscal  year  $2,794,483.72,  leaving  balance  applicable  to  the 
continuation  of  work  July  1,  1878,  of  $1,608,678.48. 

The  "Act  making  appropriations  for  the  construction,  repair,  preserva- 
tion and  completion  of  cei*tain  public  works  on  rivers  and  harbors  and 
for  other  purposes,"  approved  June  18, 1878,  made  provision  for  215  works 
and  for  surveys  or  examinations  at  116  localities.  The  total  amount  ap- 
propriated is  $8,201,700,  and  it  is  distributed  among  the  several  works 
JD  sums  varying  from  $1,000  to  $350,000. 
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As  soon  as  practicable  after  it  was  known  that  the  amonnts  therein 
appropriated  were  made  subject  to  requisition,  the  officers  in  charge  of 
tiie  various  districts  were  called  upon  for  projects  for  the  application  of 
the  amounts  made  available  to  the  works  of  improvement.  On  the  ap- 
proval of  the  projects  submitted,  steps  have  been  taken  for  putting  the 
work  at  once  into  execution,  and  they  are  now  being  conducted  under 
the  contract  system,  and  by  means  of  hired  labor  and  purchase  of  ma- 
terial in  open  market,  as  appeared  to  be  most  advantageous  to  the  gov- 
ernment. 

The  examinations  or  surveys  "  and  estimates  of  cost  of  improvements 
proper  to  be  made  "  at  the  several  points  and  localities  named  in  the  sec- 
ond section  of  the  act,  are  now  in  hand,  and  it  is  expected  that  reports 
iHl  be  received  in  time  to  be  submittea  during  the  approaching  session 
of  Congreisus. 

A  brief  summary  is  given  below,  setting  forth  for  each  improvement 
its  condition  and  the  amount  of  work  done  during  the  fiscal  year,  and 
a(*eompanied  by  a  money  statement  giving  the  amount  expended  during 
the  year,  the  probable  amount  reqiured  for  the  completion  of  the  adopted 
project,  and  an  estimate  of  the  amoimt  that  can  profitably  be  expended 
diuing  the  fiscal  year  ending  June  30, 1880.  These  estimates  were  sub- 
mitted in  tabular  form  by  letter  of  September  18,  1878,  and  will,  it  is 
expected,  be  printeil  in  the  Book  of  Estimates,  prepared  and  submitted 
to  Congress  by  the  honorable  the  Secretary  of  the  Treasury.  For  full 
and  detailed  information  respecting  any  particular  improvement  or  sur- 
vey, attention  is  respectfiilly  invited  to  the  rei)ort  of  the  officer  in  charge, 
which  will  be  found  in  the  api)endix. 

The  report  of  the  commission  ai>pointed  by  authority  of  the  joint  reso- 
lation  of  March  3,  1877,  "to  examine  into  the  matter  of  contracts  made 
by  and  between  the  United  States  and  the  Moline  Water-Power  Com- 
pany, as  to  the  water-power  at  Moline,  Elinois,"  was  submitted  to  Con- 
gress during  its  first  session  by  the  Secretary  of  War,  and  may  be  found 
printed  in  Ex.  Doc.  No.  21,  House  of  Representatives,  Forty-fifth  Con- 
^88,  first  session.  A  copv  of  the  report  is  herewith,  forming  Appen- 
dix IL 

The  Board  of  Engineer  Officers  constituted  in  July  of  the  present 
year  by  yonr  direction,  to  take  into  consideration  the  improvement  of 
the  low- water  navigation  of  the  Mississippi  and  Missouri  rivers,  and  to 
sohmit  a  plan  thei-efor,  together  with  recommendations  for  the  most 
practicable  measures  to  be  adopted  from  time  to  time,  in  order  to  secure 
its  earliest  and  most  economical  completion,  has  entered  upon  the  duties 
aftidgned  to  it. 

The  board  is  instructed  to  consider  how  far  the  information  already 
at  hand,  from  surveys  and  investigations  heretofore  made,  can  be  made 
available  to  devise  a  general  system  of  works  for  the  permanent 
impmvement  of  the  low- water  navigation  of  those  rivers;  what  addi- 
tional data  will  be  required;  in  what  manner  and  by  what  system  ot 
snney  it  may  be  best  obtained,  and  what  localities  should  be  first  sur- 
veyed, having  in  view  the  most  pressing  needs  of  navigation;  and 
*hocJd  it  deem  the  information  already  at  hand  sufficient  to  enable  it  to 
prepare  a  systematic  plan  of  improvement,  in  whole  or  in  part,  it  is 
ni«tnicted  to  do  so,  and,  if  practicable,  in  time  to  admit  of  the  subject 
being  submitted  to  Congress  at  its  next  session. 

Certain  surveys  have  been  indicated  by  the  board  as  essential  to  the 
^'^deration  of  its  duties  as  above  prescribed,  and  they  have  been  or- 
^^  and  are  in  progress. 
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ATLANTIC    COAST. 

IMPROVEMENT   OF  RIVERS  AND  HARBORS  IN  THE   STATES  OF   MAINE, 

NEW  HAMPSHIRE,  AND  MASSACHUSETTS. 

Officer  in  charge,  Lieut.  Col.  George  Thorn,  Corps  of  Engineers. 

1.  Improvement  of  Saint  Croi^  River ,  above  the  ^^  Ledge^^  Maine, — This 
river  throughout  it«  whole  extent  forms  a  part  of  the  international 
boundary  between  Maine  and  New  Brunswick.  A  8ur\'ey  of  it  Tvas  made 
in  1873,  under  the  direction  of  Lieut.  Col.  Thorn,  from  the  "Ledge'^  up 
to  the  toll-bridge  between  Calais  and  Saint  Stephens,  the  head  of  na\i- 
gation,  a  distance  of  about  5  miles,  with  a  view  to  the  imi)rovement  of 
this  portion  of  the  river.  The  channel  of  the  river  was  found  to  be  much 
obstructed  by  shoals,  caused  by  the  dei>osit  of  slabs,  edgings,  and  saw- 
dust thrown  into  the  river  from  the  saw-mills  above,  then  estimated  at 
not  less  than  1.000,000  cubic  yards.  To  open  a  channel  of  practicable 
width  and  deptli  through  these  shoals  (say  200  feet  in  width  and  9  feet 
in  depth  at  mean  low-water,  and  29  feet  at  mean  high- water)  it  is  esti- 
mated would  require  the  excavation  of  235,000  cubic  yards  of  "mill- 
wa^te,''  at  a  probable  cost  of  $150,000. 

The  following  appropriations  have  been  made  by  Congress  for  the  im- 
provement of  this  river,  to  wit: 

Bv  act  approved  March  2, 1867 |15,  000  00 

By  act  approved  March  3,  1873 10,  000  00 

By  act  approved  June  23,  1874 10,000  00 

Total 35,  000  00 

The  act  of  March  2,  1867,  contained  the  proviso  that — 

The  province  of  New  Brunswick  contribute  and  pay  to  the  proper  disbursing  officer 
a  like  sum  for  said  purpose*,  said  payment  being  made  on  condition  tliat  in  no  event 
shall  the  province  of  New  Brunswick  be  called  upon  for  more  than  half  the  sum 
actually  expended  for  said  purfiose. 

In  1873,  the  Dominion  of  Canada  apx>ropriated  the  sum  of  $25,000  for 
the  improvement  of  this  river;  but  in  consideration  of  the  fact  that  the 
obsti-uctions  to  its  navigation  have  been  caused  by  the  deposit  of  the 
"waste"  from  the  saw-mills  above,  and  that  no  law  is  in  force  for  pre- 
venting the  continuance  of  this  practice,  the  department  of  pubhc  works 
of  the  Dominion  of  Canada  declined  t/O  authorize  the  expenditure  of  the 
appropriation  until  satisfied  that  this  practice  is  permanently  discon- 
tinued. 

July  1,  1877,  amount  available $34,000  00 

July  1,  1878,  amount  available 34,000  00 

(See  Appendix  A  1.) 

2.  Improvement  of  Penobscot  River ^  Maine. — ^The  work  originally  pro- 
jected for  the  iini)rovement  of  this  river  consisted^ 

In  the  enlargement  and  straightening  of  its  channel  tlirougU  the  sev- 
eral bars  and  shoals  at  and  near  Bangor,  so  as  to  have  a  width  of  not 
less  than  200  feet,  and  a  depth  not  less  than  11  feet  at  low  tide  (or  24  feet 
at  high  tide)  in  the  lowest  stages  of  the  river,  giving  about  14  feet  at 
low  tide  in  its  ordinary  stages. 

In  breaking  up  and  removing  all  the  sunken  ledges  and  bowlders  in 
the  harbor  of  Bangor  outside  the  main  channel,  down  to  the  level  of  the 
general  bed  of  the  river,  including  Independence  Kock,  Gulliver's  Kock, 
the  ledge  near  Steamboat  Wharf,  and  those  near  Dole's  Wharf^  Green's 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.  37 

Pier  and  Green's  Pier  Ledge,  and  a  ledgiB  outside  of  it ;  also  the  bowlders 
and  ledges  in  firont  of  the  wharves  at  High  Head. 

At  the  beginning  of  the  fiscal  year  (July  1,  1877)  the  improvement  of 
an  the  bars  and  shoals  then  projected  had  been  completed,  with  the  ex- 
ception of  the  channel  through  the  MidtUe  Ground  at  Bangor ;  and  all 
the  sunken  rocks  had  been  broken  up  antl  removed  to  the  extent  pro- 
jected^ with  the  exception  of  several  outcroppings  of  ledge  discovered 
in  1875-'76  in  and  near  the  Middle  Ground  Channel,  for  the  partial  re- 
moval of  which  a  contract  had  been  made ;  a  contract  had  also  been 
made  for  completing  all  the  dredging  on  the  Middle  Ground,  untler 
which  considerable  progress  had  then  been  made. 

During  the  past  year  the  removal  of  the  ledge  in  the  Middle  Ground 
Channel  has  been  carried  on  under  contract,  and  has  been  about  half 
completed  by  the  breaking  up  and  removal  of  about  70  cubic  yards  of 
the  ledge,  the  remainder  of  which  will  probably  be  completed  before  the 
dose  of  the  present  season,  leaving  80  cubic  yards  of  ledge  out^side  the 
channel  to  be  removed  under  the  appropriation  of  June  18,  1878.  The 
excavation  of  the  Middle  Ground  Channel  by  dredging  was  completed  in 
September,  1877. 

The*  river  and  harbor  act  of  March  3, 1875,  appropriating  $25,000  for 
Penobscot  River,  provided  that  $10,000  of  it  should  be  expended  for  the 
improvement  of  the  river  at  and  near  Bucksport  Narrows  (l8  miles  below 
Bangor),  which  amount  was  applied  to  the  partial  removal,  by  dredging, 
of  the  ^liddle  Ground  in  front  of  the  wharv^es  at  Bucksport  to  a  depth 
of  12  feet  at  mean  low  water  or  22.3  feet  at  ordinary  high  water. 

The  river  and  harbor  act  of  August  14,  1876,  appropriating  $10,000 
for  Penobscot  River,  provided  that  $4,000  of  it  should  also  be  exi>ended 
at  and  near  Bucksport  Narrows.  This  amount  was  expended  in  Sep- 
tember, October,  and  November  last  in  continuing  the  work  at  the  Mid- 
dle Ground. 

For  deepening  the  channel  in  front  of  High  Head  wharves,  at  Bangor, 
by  dredging,  and  the  removal  of  sunken  rocks,  as  projected,  the  addi- 
tional sum  of  $6,000  will  be  required. 

The  officer  in  charge  of  this  work  states  that  the  throwing  of  sawdust 
into  this  river  is  still  continued  to  a  very  great  extent,  and  to  the  serious 
detriment  of  its  navigation.  In  \iew  of  this,  and  of  the  fact  that  sev- 
eral other  navigable  rivers  in  his  district,  now  being  improved  by  the 
United  States  Government,  are  also  being  injiu'ed  by  the  throwing  in  of 
dabs,  edgings,  and  sawdust,  by  building  of  piers  and  bridge-draws  in 
improper  x>laces,  and  otherwise,  he  suggests  the  passage  of  some  general 
law  for  the  protection  and  presei'v^ation  of  all  na\igable  waters  under 
the  control  of  the  United  States  Government,  for  the  improvement  of 
which  Congress  has  already  made  or  may  hereafter  make  appropriations; 
This  suggestion  is  concurred  in  by  this  oflice. 

July  1,  1877,  amount  available $22,^84  30 

Amoimt  appropriated  by  act  approved  June  18,  1878 12, 000  00 

$34,284  30 

hh  1, 1878,  amount  expended  during  fiscal  year 18, 786  57 

JulV  1,  1878,  outetanding  liabilities 477  00 

19, 263  57 


Jnly  1, 1878,  amoant  available 15,020  73 

3t 6,000  00 

une30, 1880.      6,000  00 

(See  Appendix  A  2.) 

3.  Improvement  of  BelfaM  JIardor,  Maine.— A  survey  of  this  harbor  was 


Amount  (wtimated)  required  for  completion  of  existing  project 6, 000  00 

Anwrnnt  that  can  be  profitably  expended  in  fiscal  year  ending  J  ui 
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made  in  July  and  August,  1875,  in  compliance  with  the  river  and  harbor 
act  of  March  3, 1875,  by  which  it  was  ascertained  that  to  so  improve  it 
as  to  aftbrd  a  safe  anchorage  for  shipping  in  all  storms  and  have  a  suit- 
able depth  for  the  several  steamers  and  other  vessels  that  touch  and  lie 
there,  in  all  stages  of  the  tide,  would  reciuire  a  breakwater,  at  a  cost  as 
estimated  by  the  engineer  in  charge  of  same,  of  $310,000,  and  dredging 
and  rock  excavation  at  an  estimate  cost  of  $35,000. 

By  the  river  and  harbor  act  of  August  14,  1876,  the  sum  of  $5,000  was 
appropriated  for  the  improvement  of  this  harbor,  which  was  applied  to 
the  i)aitial  removal  of  the  rocky  shoal  abreast  of  Lane's  wharf,  for  which 
a  contract  was  made.  This  work  was  completed  in  November  last.  For 
continuing  the  removal  of  this  shoal  and  the  shoals  below  to  the  pro- 
jected depth  an  additional  appropriation  of  $12,000  has  been  made  by 
act  of  June  18,  1878. 

July  1,  1877,  amouut  available $4, 991  00 

Amount  appropriated  by  act  approved  June  18,  1878 12, 000  00 

$16, 991  00 

July  1,  1878,  amount  expended  during  fiscal  year 4, 959  04 

July  1,  1878,  amount  available $12,031  96 

Amount  (estimated)  required  for  completion  of  existing  project 18,  000  00 

Amouut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880. . .     18, 000  00 

(See  Appendix  A  3.) 

4.  Improvefnent  of  Kennebec  River,  Maine. — Under  a  contract  made  May 
6,  1875,  for  the  removal  of  Dry  Kock  to  a  depth  of  12  feet  at  mean  low- 
water,  operations  have  been  carried  on  dming  the  past  fiscal  year,  result- 
ing? in  the  removal  of  545  cubic  yards  of  the  rock,  making  a  total  of 
1,775  cubic  yards  removed  under  that  contract.  This  work  wiis  completed 
in  September  last,  so  that  all  the  work  projected  for  the  improvement  of 
this  river  has  been  completed,  w^hereby  the  channel  up  to  Gardiner  has 
been  made  safe  and  na\igable  for  a  width  of  not  le^s  than  100  feet  and 
for  a  depth  of  10  feet  at  low  tide  (or  15J  feet  at  high  tide)  in  its  lowest 
summer  stagers ;  and  fi'om  Gardiner  to  Augusta,  a  distance  of  7  miles 
more,  it  has  also  been  imi)roved  for  a  width  of  not  less  than  100  feet,  so 
as  to  have  not  less  than  6  J  feet  at  low  tide  (or  11^  feet  at  high  tide)  in 
the  lowest  summer  stages  of  the  river. 

July  1,  1877,  amount  available |9, 489  56 

July  1,  1878,  amount  exxiended  during  fiscal  year 9, 489  56 

(See  Appendix  A  4.) 

5.  Improvement  at  the  gut  opposite  Bathy  Me. — ^The  following  work  has 
been  done  for  the  improvement  of  this  locality  under  the  appropriations 
made  by  the  river  and  harbor  acts  of  July  11, 1870,  and  March  3, 1871, 
aggregating  $16,500,  viz : 

1.  Tlie  removal  of  Boiler  Rock  to  a  depth  of  10  feet  at  mean  low  watei* 
or  16J  feet  at  mean  liigh  water. 

2.  The  removal  to  a  depth  of  9  feet  at  mean  low  water  of  the  ledge 
extending  fi*om  Boiler  Rock  northw  ard  tow^ard  the  shore. 

3.  The  removal  of  two  wrecks  of  vessels  lying  in  mid-channel  above 
and  near  Upper  Hell  Gate. 

4.  Dredging  a  channel  through  the  bar  next  above  Upper  Hell  Gate 
to  a  width  of  100  feet  and  a  depth  of  10  feet  at  mean  low  water  or  16J 
feet  at  mean  high  w  ater. 

5.  The  breaking  up  and  removal  of  points  of  ledge  which  i)rojected 
into  the  river  from  it-s  southern  shore  at  the  Upper  HeU  Gate  (amoiuit- 
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in^  altogether  to  abont  1,000  cubic  yards),  whereby  the  water-way  was 
increased  from  a  width  of  about  100  to  about  150  feet. 

This  work  was  complete<l  in  1872. 

Uuder  the  appropriation  of  $17,000  made  by  the  river  and  harbor  act 
of  June  18, 1878,  the  following  work  has  been  projected,  viz : 

1.  Straightening,  widening,  and  deepening  the  channel  through  the 
shoal  above  Upi)er  HeU  Gate. 

2.  Widening  the  passage  through  Upper  Hell  Gate. 

3.  Removing  the  sunken  ledges  from  the  river  below  Upper  Hell  Gate, 
so  as  to  make  a  safe  and  direct  channel  to  the  north  of  Marsh  Island. 

The  amount  now  available  for  this  work  is  believed  to  be  sufficient  for 
its  completion. 

Amoant  appropriate  by  act  approved  June  18,  1878 |17,  000  00 

July  1,  1^8,  amoant  available. 17,000  00 

(See  Apx>endix  A  5.) 

(L  Improvement  of  Portland  Harbor^  Maine. — All  the  work  projected  for 
the  improvement  of  this  harbor  has  been  completed,  vdth  the  exception 
of  the  dreilging  in  front  of  the  harbor  commissioner's  line  above  Merrill's 
wharf;  but  this  work  will  be  done  only  on  condition  that  the  several 
wharves  above  Merrill's  wharf  wiU  be  removed,  so  far  as  they  extend 
beyond  the  harbor  line.  The  funds  now  available  are  sufficient  for  this 
pori)ose. 

July  1,  1877,  amount  available $42,930  10 

July  1^  1878,  amoant  expended  during  fiscal  year 1,  021  72 

Julyl,  1»78,  amoant  available 41,908  38 

(See  Apx>endix  A  6.) 

7.  Improvement  at  Richmon^s  Island j  Maine. — The  improvement  pro- 
jected for  this  place  consists  in  making  a  harbor  of  refuge  by  means  of 
a  rabble-stone  breakwater,  to  connect  the  island  Avith  mainland.  The 
length  of  the  proposed  breakwater  is  about  2,000  feet,  with  an  average 
thickness  of  25  to  30  feet,  and  a  height  of  4  feet  above  ordinarj^  high- 
water.  During  the  past  fiscal  year  work  has  been  suspended  for  want 
offiinds. 

Under  the  appropriation  of  $6,000  made  by  act  approved  June  18, 1878, 
it  is  probable  that  4,000  tons  more  of  stone  will  be  furnished  and  i)laced 
upon  the  work.  To  complete  it  in  accordance  with  the  original  estimate 
6,rx)0  tons  more  will  be  needed,  for  which  an  appropriation  of  $9,000  will 
be  required. 

Amount  appropriated  bv  act  approved  Jane  18,  1878 $6,000  00 

Jnly  1,  1878,  amoant  available 6,  000  00 

Amoant  (estimated)  reqnired  for  completion  of  existing  project 9, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  «^,  1880.     9, 000  00 

(See  Apijendix  A  7.) 

8.  Improvement  of  KennehnnJc  River^  Maine. — The  work  projected  for 
the  improvement  of  this  river  under  the  appropriation  of  $10,000  made 
by  the  river  and  harbor  acts  of  July,  1870,  and  March,  1871,  consisted 
in  the  extension  and  repair  of  the  two  stone  piers  at  its  moutli,  and  the 
repair  of  the  United  States  Government  wharf,  a  short  distance  above. 
Tbi«  work  was  completed  in  1872.  Under  the  appro])riation  of  $5,000 
made  by  the  river  and  harbor  act  of  August  14,  1876,  the  channel  of  the 
river  has  been  straightened,  widened,  and  deepened,  by  dredging  at  the 
Wading  Place  and  Mitchell's  Point,  so  as  to  have  a  depth  of  4  feet  at 
mean  low- water,  or  about  13  feet  at  mean  high-water.  This  work  was 
commenced  in  July  and  completed  in  September  Jast,  Mith  6,450  cubic 
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yards  of  dredging.  Extensive  repairs  have  also  been  made  where  most 
necessary  on  the  stone  piers  at  the  mouth  of  the  river,  as  well  as  on  the 
government  wharf  above.  In  order  to  complete  all  the  work  now  pro- 
jected for  the  improvement  of  this  river,  there  will  be  required,  as  esti- 
mated and  recommended  by  the  engineer  officer  in  charge,  a  further 
appropriation  of  $6,000. 

July  1,  1877,  amount  available $4,  992  00 

July  1,  1878,  amount  exjieuded  during  fiscal  year 4, 992  00 

Amount  (estimated)  required  for  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     6,  000  00 

(See  Appendix  A  8.) 

9.  Improvement  of  CocJieco  River ^  New  Hampshire. — ^The  original  project 
for  the  improvement  of  this  river,  based  on  an  examination  made  in 
1870,  consisted  of  making  a  chamiel  not  less  than  40  feet  in  width  and 
4  feet  in  depth  at  mean  low-water,  fi-om  the  foot  of  the  Lower  Narrows 
u])  to  Collins  wharf  (at  the  head  of  the  Upper  Narrows),  the  estimated 
cost  of  which  was  $45,000,  as  shown  in  the  annual  report  of  1871.  More 
accurate  and  extended  surv' eys,  since  made,  have  shown  the  practicability 
and  importance  of  extending  this  hnprovement  up  to  the  paeket  landing, 
the  totiil  estimate  for  which,  as  now  amended,  is  $85,000. 

Under  the  several  appropriations  made  from  1871  to  1876,  inclusive, 
for  this  river  the  following  work  has  been  done,  viz : 

1.  A  channel  has  been  opened  through  the  ledge  at  the  Upper  Nar- 
rows for  a  length  of  430  feet,  and  to  a  width  of  40  feet  and  a  depth  of  4 
feet  at  mean  low-water,  or  about  11  feet  at  ordinary  high-water. 

2.  A  channel  has  been  opened  through  the  ledge  next  above  the  Upper 
Narrows  for  a  length  of  260  feet,  and  to  a  width  of  40  feet  and  a  depth 
of  4  feet  at  mean  low-water. 

3.  The  channel  at  and  near  the  Lower  Narrows  has  been  nearly  com- 
pleted by  the  removal  of  sunken  ledges  and  bowlders ;  and  numerous 
scattered  bowlders  which  were  dangerous  obstructions  to  navigation  at 
Tiickey's  Shoal,  Clement's  Point  Shoal,  and  elsewhei*e,  have  been  broken 
up  and  removed. 

4.  The  channel  and  basin  have  been  opened  by  dredging  through  the 
several  shoals  that  existed  between  the  Lower  Narrows  and  Packet 
Landing,  except  at  Gulf  Shoal. 

This  comi)letes  all  the  work  to  be  done  for  the  improvement  of  this 
river,  except  the  opening  of  a  channel  through  Gulf  Shoal  next  below 
the  Ui)per  Narrows. 

Under  the  appropriation  of  $14,000  made  by  act  of  August  14,  1876, 
the  following  work  was  done  during  the  past  fiscal  year,  to  wit: 

Twelve  tliousand  three  hundred  and  seventy-one  cubic  yards  of  dredg- 
ing finislied  by  contract  in  November  last,  in  comx)letion  of  the  basin  at 
Paeket  Landing  and  of  the  channel  between  that  point  and  the  Lower 
Narrows,  with  the  exceiition  of  the  excavation  of  a  channel  through  Gulf 
Shoal,  next  below  the  Upper  Narrows.  Sunken  ledges  and  bowlders 
have  also  been  broken  up  and  removed  at  and  near  Clement's  Point 
Shoal,  Trickey's  Shoal,  the  Upper  and  Lower  Narrows,  and  at  Dover 
Point,  altogether  about  300  cubic  yards,  which  was  completed  in  August, 
1877. 

Under  the  appropriation  of  $6,000  ma^le  by  the  river  and  harbor  act 
of  June  18, 1878,  it  is  proposed  to  remove  the  obstructions  at  Gulf  Shoal, 
which  will  complete  all  the  work  that  lias  been  i)rojected  for  the  improve- 
ment of  this  river;  and  it  is  believed  tliat  the  fiindk  now  available  will  be 
sufficient  for  that  purpose. 
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July  1,  1877,  amount  available $11, 228  08 

Amount  appropriated  by  act  approved  June  18,  1878 6, 000  00 

$17, 228  08 

Jnly  1,  1878,  amount  exx>ended  during  fiscal  year 10,  332  25 

July  1,  1878,  amount  available 6,81)5  83 

(See  Appendix  A  9.) 

10.  Tmprorvement  of  Merrimac  River j  i7icliiding  the  harbor  of  Neichnry- 
port^  Ma^ssachu^ett^. — All  work  projected  for  improving  the  falls  of  this 
river  above  Haverhill,  Mass.,  has  been  completed  to  the  extent  now 
deemed  necessary.  Newburyj)ort  Harbor,  at  the  mouth  of  the  river,  has 
also  lK?en  improved  by  the  removal  of  South  Gangeway  Kock  and  of  a 
wrecked  schooner,  and  some  progress  has  been  made  in  the  removal  ot 
North  Gangeway  JRock. 

Between  Newbur>T)oi't  and  Haverhill  the  river  has  been  improved  by 
deepening  the  shoals  and  the  removal  of  numerous  bowUlers  wliiciti 
obstructed  the  channel  above  and  below  Rock's  Bridge,  including  Petty 
Rock  below  and  Little  Currier  Kock  above  the  bridge. 

The  work  done  during  the  past  fiscal  year  has  consisted  of  the  removal 
of  numerous  sunken  bowlders  from  the  channel  near  Silby's  Island. 

The  suin  of  $10,000,  which  was  appropriated  for  this  river  by  act  ot 
June  18,  1878,  is  to  be  applied  to  the  removal  of  sunken  ledges  at  the 
mouth  of  the  river  in  Newburyi>ort  Harbor. 

For  completing  all  the  work,  now  projected  for  the  improvement  ot 
Newburyi>ort  Harbor,  the  additional  sum  of  $15,000  will  be  requii^ed. 

July  1,  1877,  amount  available $1, 251  10 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$11, 251  10 

Jnly  1,  1878,  amount  expended  during  fiscal  year 1, 071  00 

Jalyl,  1878,  amount  available 10,180  10 

Amoimt  (estimat4»d)  required  for  completion  of  existing  project 15,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     15, 000  00 

(See  Ax>pendix  A  10.) 

11.  Improrement  of  Boston  Harbor^  Massachusetts. — The  folloAving  is  a 
^tement  of  the  present  condition  of  the  several  works  completed,  pro- 
jeete<l,  and  in  progress  for  the  improvement  of  this  harbor,  and  the  prog- 
ress made  upon  them  during  the  past  fiscal  year,  \iz : 

ika-waU  on  Point  AUerton. — This  wall  was  completed  in  Mjiy,  1874, 
together  with  a  rii)rap  apron-work  for  the  protection  of  its  foundation. 
Its  total  len^h  is  1,202  feet.  It  is  now  in  excellent  condition  in  every 
resjiect,  and  fully  answers  the  puii)ose  intended. 

Sea-wall  an  Great  Brewster  IsUind. — This  wall  is  2,800  feet  in  length, 
and  was  built  for  the  protection  of  the  north  and  south  heads  of  that 
island,  and  was  completed  in  1870.  It  is  in  good  condition  and  requires 
bat  few  re|)airs. 

Hea-icalU  on  LovelVs  Island. — The  two  sea-walls  on  this  island  were 
built  by  the  United  States  Government,  one  in  1843  for  the  protection 
of  it8  north  head,  803  feet  in  length,  and  the  other  in  18G8-'69  for  the 
protection  of  southea^st  blulf,  for  a  length  of  about  800  feet.  For  the 
protection  of  the  shore  hue  next  south  of  the  north-hetui  wall,  and  next 
south  of  the  southeastern  wall,  apron-work  and  jetties  of  nibble-stone 
^ere  abided  in  1873.  The  waU  on  the  southeast  bluff  has  been  nuich 
damaged  by  recent  storms,  and  its  height  is  to  be  increased  4  feet  by 
adding  two  wore  courses,  and  is  to  be  otherwise  repaired,  at  a  probable 
total  tost  of$l5yOOO.    Contracts  hBve  been  made  for  all  the  stone  required 


42  REPORT   OF  THE   CHIEF   OF  ENGINEERS. 

for  this  work,  and  preparations  have  been  nearly  completed  for  build- 
ing the  wall.  The  other  wall  and  apron-work  are  now  in  good  condition, 
requiring  no  repairs,  and  fidly  answer  the  purposes  intended. 

Sea-icall  an  Oallap^n  Island, — Tliis  wall  was  commenced  in  1868  and 
(completed  in  September,  1871.  It  is  1,785J  feet  in  length,  and  has  its 
foundation  i)rotected  for  nearly  its  whole  extent  by  a  rii)rap  apron- work 
and  stone  jetties,  which  were  added  in  1873-'74.  This  work  is  in  good 
condition,  and  fidly  answers,  in  everj^  respect,  the  puri)ose  for  wliich  it 
was  intended. 

Sea-icall  on  the  north  head  of  Long  Inland. — This  wall  was  commenced 
in  1870  and  completed  in  the  latter  part  of  July,  1874,  for  a  total  length 
of  2,0815  feet.  For  the  protection  of  its  concrete  foundation,  a  riprap 
apron  and  jetties  were  built  in  1874  on  those  parts  where  most  exiwsed 
to  injur>^  by  storms  and  ciurents,  having  been  completed  eaily  in  August, 
1874.  This  work  is  in  good  condition,  requiring  no  repairs,  and  fully 
answers  the  pur^iose  intended. 

Seatcalls  on  Deer  Islayid, — The  three  sea-walls  on  this  island  were  built 
about  thirty -five  years  ago  for  the  protection  and  preservation  of  the 
north,  middle,  and  south  heads,  and  were,  respectively,  1,740,  840,  and 
420  feet  in  length.  Tlie  injury  which  these  walls  had  sustained  from  the 
^iolence  of  the  storms  was  such  as  to  necessitate  the  rebuilding  of  them 
to  a  great  extent.    This  was  commenced  in  1864  and  completed  in  1869. 

Straighten inffy  widening^  and  deepening  the  main  ship-channel  at  the  west 
end  of  Great  Bretcster  spit, — ^This  work  consisted  in  the  removal,  by 
dredging,  of  the  southern  portion  of  this  spit,  so  as  to  give  to  the  chan- 
nel a  width  of  600  feet  for  a  dei)th  of  23  feet  at  mean  low- water.  Under 
a  contract  made  in  September,  1874,  the  dredging,  which  was  commenced 
in  October,  1874,  was  com])leted  in  August,  1875.  During  these  oi^era- 
tions  a  ledge  was  laid  bare,  of  which  9i>J  cubic  yards  have  since  been 
broken  up  and  removed  to  the  required  depth  of  23  feet  at  mean  low- 
water. 

Straightening y  widening^  and  deepening  the  main  ship-channel  at  the 
southeast  and  southwest  points  of  LovelVs  Island, — This  imx)rovement  con- 
sists in  widening  the  channel  so  as  to  have  a  width  of  600  feet  for  a 
depth  of  23  feet  at  mean  low- water. 

Under  the  api)ropriation  of  June  23,  1874,  a  contract  was  made  in 
September,  1874,  for  the  dredging  at  the  southeast  point  of  this  island. 
Work  under  this  contract  was  commenced  in  October,  1874,  and  was 
completed  in  September,  1875. 

For  completing  the  improvement  at  and  near  the  southwest  point  of 
this  island,  which  was  suspended  in  1869,  a  contract  was  made  in  June, 
1877,  and  was  completed  in  September  foilo\\ing. 

Straightening  J  widening^  and  deepening  the  main  ship-channel  at  the  upper 
middle  bar, — The  improvement  projected  for  this  bar  consists  in  exca- 
vating a  channel  for  about  4,400  feet  in  length  to  a  witlth  of  600  feet  and 
for  a  (lepth  of  23  feet  at  mean  low- water,  the  mean  rise  and  fall  of  the 
tide  T)eing  10  feet.  Dredging  operations  were  commenced  on  the  bar  in 
1870,  and  were  continued,  with  intervals  of  susi)ension  for  want  of  fimds, 
up  to  the  16th  of  November,  1876,  when  they  were  finally  completed  by 
a  total  of  268,278  cubic  yards  of  dredging.  In  these  dredging  operations 
a  sunken  ledge  was  uncovered,  containing  about  80  cubic  yards  above 
grade. 

Under  a  contract  made  for  its  removal  50  cubic  yards  have  been  broken 
u])  and  removed  during  the  past  year  5  the  remainder  of  it  will  i)robably 
be  removed  by  the  end  of  July,  1878. 

Removal  of  Nashh  Bock  (Shoal), — ^This  shoal  lies  in  the  entrance  to 
Boston  Harbor^  about  one-third  of  the  way  over  froisi  Bte^ste.r'a  Spit  to 
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Point  Allerton.  By  a  survey  made  in  1873,  under  the  direction  of  the 
engineer  officer  now  in  charge,  it  was  ascertained  that  this  shoal  (pre- 
viously known  as  Nash's  Bock)  is  covered  with  bowlders,  shingle,  gravel, 
&C.,  and  has  an  area  of  about  640  superficial  yards  with  less  than  21 
feet  of  water  over  it  at  mean  low- water,  and  an  area  of  about  9  acres 
with  less  than  23  feet  of  water  over  it.  The  improvement  here  projected 
consists  in  its  removal  to  a  depth  of  21  feet  at  mean  low-water,  which, 
under  a  contract  made  May  19,  1875,  was  about  half  completed  in  Sep- 
tember, 1876. 

Aboat  320  tons  of  ledge  and  bowlders  have  been  removed  from  this 
shoal  dming  the  past  year,  leaving  about  40  tons  yet  to  be  removed. 

BewiorcU  of  Kelhfs  Bock. — ^This  rock  lies  in  the  main  ship-channel, 
distant  about  700  yards,  in  a  direction  southeast  by  south  from  Bug 
light  (at  "the  Narrows"),  and  in  the  line  of  entrance  buoy  No.  1  and 
Bng  hght,  and  has  always  been  a  ver^^  dangerous  obstruction  to  navi- 
fiation. 

In  1869  work  was  commenced  upon  the  removal  of  this  ledge  to  the 
depth  of  23  feet  at  mean  low- water,  and  Was  continued  up  to  the  end  of 
1870,  lea\^ng,  as  shown  by  surveys  since  made,  a  large  area  not  having 
the  required  depth. 

Under  the  appropriation  of  March  3, 1875,  a  contract  was  made  May 
14, 1875,  for  completing  the  removal  of  this  rock.  Work  was  commenced 
under  this  contract  in  the  latter  i)art  of  May,  and  was  satisfactorily 
completed  in  September,  1875.  During  these  operations  of  1875,  '76,  and 
^77  new  ledges  were  discovered  in  the  vicinity  of  Kelly's  Rock,  above  and 
below  it,  having  on  the  shoalest  part  a  depth  of  17^  feet  at  mean  low-water. 
To  reduce  them  to  the  projected  depth  of  23  feet  at  mean  low- water 
required  350  cubic  yards  of  excavation. 

Under  a  contract  made  in  June,  1877,  for  the  removal  of  200  cubic 
yards  of  this  ledge  at  $50  per  cubic  yard,  76J  cubic  yards  have  been 
broken  up  and  removed  to  grade  during  the  past  year.  Under  the  ap- 
propriation made  by  the  river  and  harbor  act  of  June  18, 1878,  proposals 
wiU  be  invited  to  complete  the  removal  of  all  these  ledges  by  contract. 

Removal  of  Tower  Rock. — This  rock  was  situated  in  the  main  shij}- 
cfaamiel  at  "  the  Narrows,"  about  100  yards  to  the  southwest  of  Great 
Brewster  Si>it  light.  It  was  blasted  out  and  removed  in  1867  to  the 
projected  depth  of  23  feet  at  mean  low-water. 

Bemov€U  of  Concin  Bock, — This  rock  was  situated  in  the  main  ship- 
channel  at  **the  Narrows,"  about  200  yards  to  the  southwest  of  Great 
Brewster  Spit  light.  It  was  blasted  out  and  removed  in  the  years  1868 
and  1869  to  the  projected  depth  of  23  feet  at  mean  low- water. 

Removal  of  sunken  ledge  between  George^ 8  Island  and  Great  Breicster 
Spit — ^This  ledge  was  di8covere<l  in  September,  1872,  in  a  resurvey  of 
"the  Narrows,"  made  under  the  direction  of  the  engineer  oflficer  now  in 
diai^e.  It  was  situated  near  the  middle  of  the  main  ship-channel,  dis- 
tant about  317  yards,  in  a  direction  west  by  south  from  Bug  light.  It 
had  but  18.9  feet  of  water  over  it  at  mean  low-water,  and  was  conse- 
quently a  dangerous  obstruction  to  navigation  for  the  European  steam- 
ers and  other  large  vessels. 

Under  a  contract  made  August  31, 1874,  the  removal  of  this  ledge 
was  comideted  in  September,  1874,  to  the  projected  depth  of  23  feet  at 
mean  low-water. 

Removal  of  Barrel  Bock  in  Broad  Sound. — This  was  a  bowlder,  lying 
about  one  mile  north  of  west  from  Green  Island  and  near  the  sailing 
line  of  the  Portland  and  other  Maine  steamers.  It  had  only  4  feet  of 
water  over  it  at  low  tida^  and  in  thick  weather  was  a  dangerous  obstacle 
to  m^vig^dom    It  was  removed  in  1869. 
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Removal  of  State  and  Palmyra  Rocks. — By  a  survey  made  in  1873, 
under  the  direction  of  the  engineer  officer  now  in  chai*ge,  it  was  ascer- 
tained that  these  dangerous  rocks,  the  position  and  character  of  which 
had  previously  been  but  little  known,  consisted  of  bowlders  and  ledges, 
lying  ou  the  southern  spurs  of  the  "  Lower  Middle,"  which  ocean-steam- 
ers and  other  large  vessels  had  occasionally  struck. 

Under  a  contract  made  August  31,  1874,  for  the  removal  of  these 
sunken  rocks,  work  was  commenced  upon  them  in  September,  1874,  and 
on  the  15th  of  June,  1875,  their  removal  was  completed. 

Removal  of  wreck  of  schooner  Delos. — This  vessel  was  sunk  in  1872  in 
Nantasket  Koads,  about  100  yards  from  Fort  Warren  wharf,  in  about 
22  feet  of  water  at  mean  low- water,  and  was  broken  up  and  removed  in 
May  and  June,  1873. 

Improvement  of  Hingham  Harbor^  Massachusetts. — ^In  the  appropri- 
ation for  Boston  Harbor,  made  by  act  of  March  3,  1875,  provision  was 
made  for  the  imi)rovement  of  Hingham  Harbor,  Massachusetts,  to  an 
extent  not  exceeding  in  cost  $10,000. 

The  project  for  its  improvement  consisted  in  widening  and  deepening 
the  main  channel  so  as  to  have  a  width  of  not  less  than  100  feet  and  a 
.dei)th  of  8  feet  at  mean  low- water  (or  about  6  feet  at  low- water  in  spring 
tides)  up  to  the  wharves  of  Hingham,  requiring  25^00  cubic  yards  of 
dredging  and  80  cubic  yards  of  ledge  excavation.  This  work  has  been 
comx)leted. 

Fix)m  the  report  of  the  engineer  officer  in  charge,  it  is  seen  that  nearly 
all  the  works  hitherto  projected  for  the  improvement  of  Boston  Harbor 
have  been  completed,  and  the  following  remain  to  be  completed,  viz: 

1.  The  removal  of  about  275  cubic  yards  of  sunken  ledger,  discovered 
in  1875,  '76,  and  '77,  in  the  vicinity  of  KeUy's  Rock,  and  about  30  cubic 
yards  of  ledge  at  the  Upper  Middle. 

2.  Completing  the  removal  of  ^NTash's  Rock  (Shoal),  arrangements 
having  been  made  for  doing  it  the  present  season. 

3.  The  removal  of  Man-of-War  Shoal,  in  the  upper  harbor,  requiring 
about  65,000  cubic  yards  of  dredging,  for  which  funds  are  available 
under  the  appropriation  made  therefor  by  the  river  and  harbor  act  of 
June  18,  1878. 

4.  Raising  and  repairing  the  southeastern  sea-wall  on  Lovell's  Island, 
for  which  funds  are  now  available  under  the  river  and  harbor  iict  of 
June  18, 1878. 

5.  Widening  and  deepening  the  channel  through  Anchorage  Shoal  as 
now  projected,  which,  it  is  estimated,  will  require  135,000  cubic  yards  of 
dredging. 

6.  Widening  the  channel  at  the  Lower  Middle  as  now  projected, 
which,  it  is  estimated,  will  reqiui*e  5,000  cubic  yards  of  dredging. 

7.  One  hundred  and  twenty-five  thousand  cubic  yards  of  dredging  for 
imi)roving  the  upper  harbor,  near  the  mouth  of  Mystic  River. 

For  the  work  described  in  the  last  three  items  (5,  6,  and  7)  no  appro- 
priations have  as  yet  been  made  by  Congress,  but  for  which  the  sum  of 
$165,000  will  be  required. 

July  1,  1877,  amount  available |41,  291  61 

Amount  appropriated  by  act  approved  June  18,  1878 55,  000  00 

196, 291  61 

July  1,  1878,  amount  expended  during  fiscal  year 21,  090  17 

July  1,  1878,  outstanding  liabilities 4,  500  20 

25,  590  37 

July  1,  1878,  amount  available 70,  701  24 

Amount  (estimated)  required  for  completion  of  existing  project 165,  000  00 

(See  Appendix  A  11.) 
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12.  Improvement  of  Plymouth  Harbor.  Massachusetts. — The  several  ap- 
propriations heretofore  made  for  this  iiarbor  have  been  applied  to  the 
construction  of  bulkheads,  jetties,  and  ^oins  for  the  presen'^ation  and 
strengthening  of  Long  Beaeh,  upon  wliich  the  harbor  depends  for  its 
existence ;  also  to  the  partial  opening  of  a  channel  leading  from  the 
Middle  Ground  up  to  the  wharves  of  Plymouth.  This  channel  is  pro- 
jected to  have  a  width  of  100  to  125  feet  for  a  depth  of  6  to  8  feet  at 
mean  low-water,  or  16  to  18  feet  at  mean  high-water.  In  1870  it  was 
opened  to  a  width  of  about  50  feet  up  to  Long  wharf,  and  to  a  depth  of 
6  f(t?et  at  mean  low- water.  For  completing  this  channel  as  now  estimated 
by  the  engineer  officer  in  charge,  and  for  the  annual  repairs  of  the  works 
built  for  the  preservation  and  protection  of  Long  Beach,  an  additional 
appropriation  of  $25,000  will  be  required. 

JuIt  1,  1877,  amount  available $93  92 

Amount  appropriated  by  act  approved  Jnne  18,  1878 5,  000  00 

15,093  92 

July  I.  1878,  amount  expended  during  fiscal  year 5  85 

July  1,  1878,  amount  available 5,  088  07 

\motiiit  (estimated)  required  for  completion  of  existing  project 25,  000  00 

.imonnt  that  can  he  profitably  expenaed  in  fiscal  year  ending  June  30, 1880.  25,  000  00. 

(See  Appendix  A- 12.) 

13.  Improvement  of  Frorincetown  Harbor^  Mamachusetts, — The  several 
appropriations  heretofore  made  for  the  preserv^ation  and  improvement  of 
this  harbor  have  been  ai)plied  to  the  construction  of  the  following  works, 
viz: 

Balkheads  and  jetties  of  various  descriptions  have  been  built  from 
time  to  time  along  Beach  Point,  for  its  preservation  and  prote<;tion,  both 
by  the  United  States  Government  and  by  the  local  authorities. 

A  dike  was  built  in  1868  and  1869  by  the  State  of  Massachusetts 
across  the  outlet  of  East  Harbor  Creek. 

A  dike  was  built  in  1868  and  1869  by  the  United  States  Government 
leross  Ea^t  Harbor  Creek,  at  the  Wading  Place,  near  High  Head,  about 
2  miles  above  the  outlet  of  the  creek. 

Wooiien  bulkheads  and  jetties  have  been  built  at  different  times  for  the 
protection  and  preserv^ation  of  the  beach  on  Long  Point  and  Beach  Point. 

A  stone  bulldiead,  about  1,000  feet  in  length,  has  been  completed  for 
the  protec'tion  and  preservation  of  the  outer  end  of  Long  Point,  the 
li^t-house,  and  three-gun  battery. 

A  dike  (272  feet  in  length)  was  buUt  in  1871-.'72  across  the  head  of 
Lancey's  Harbor,  near  Abel  HUl. 

Beach-jH'ass  planted  on  Beach  Point,  Long  Point,  Abel  HUl,  Cove 
Section,  and  Oblique  Section,  and  at  the  last  two  places  brush  has  also 
been  laid  for  their  further  protection. 

The  projected  extension  of  the  several  jetties  on  Beach  Point  and 
State  Dike  has  been  completed. 

A  bulkhead  and  6  jetties  built  for  the  preservation  and  protection  of 
the  beach  at  Cove  Section,  near  High  Head,  were  encroached  upon  by 
the  extraordinary  gale«  of  November,  1873,  and  January,  1874.  This 
Iplkhead  is  607  feet  in  length,  and  the  jetties  have  an  aggiegate  length 
oif  126  feet.  They  consist  of  a  frame- work  filled  with  brush  and  bal- 
lasted with  stone,  and  were  completed  in  December,  1874. 

Accurate  resur\^eys  were  made  in  1871,  '72^  '73,  '74,  and  '75  of  Cove 
Section,  Oblique  Section,  Beach  Point,  and  Long  Point,  together  with 
elaborate  soundings  and  current  observations  in  the  inner  harbor. 

All  the  works  projected  for  \he  preservation  and  improvement  of  this 
harbor  are  now  eowpleted. 

The  Bmount  expended  dming  the  Oscalyear  ending  June  30  1878  lias 
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been  applied  to  extending  the  stone  bnlkhead  on  Long  Point;  to  repair- 
ing the  bulkheads  and  jetties  at  Beach  Point  and  Cove  Section,  and  the 
dikes  at  High  Head  and  Abel  Hill;  and  to  planting  beach-grass  at  Cove 
Section  and  High  Head  Dike. 

The  snm  of  $1,000  appropriated  by  act  of  June  18, 1878,  is  to  be  ap- 
plied to  the  repairs  of  the  works  where  necessary,  including  some  addi- 
tional work  for  strengthening  the  stone  bulkhead  on  Long  Point. 

These  works  and  all  the  others  built  for  the  presentation  and  protec- 
tion of  this  harbor  will  require  continuous  watching  and  repairs,  for 
which  the  additional  sum  of  $1,000  is  asked  for  the  next  fiscal  year. 

July  1,  1877,  amount  available |3, 170  67 

Amount  appropriated  by  act  approved  June  IH,  1878 1,000  00 

$4, 170  67 

July  1,  1878, amount  expended  during  fiscal  year. 3,063  38 

July  1,  1878,  amount  available 1, 107  29 

Amount  (estimated)  required  for  completion  of  existing  project 1, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     1, 000  00 

(See  Appendix  A  13.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  proWsions  of  the  river  and  harbor  act  of  June  18, 
1878,  Lieutenant-Colonel  Thorn  has  been  charged  with  and  is  now  en- 
gaged upon  surveys  and  examinations  at  the  following  localities,  the 
results  of  which  will  be  duly  submitted  when  received : 

1.  Portsmouth  Harbor.  New  Hampshire, 

2.  Scituate  Harbor,  MassachusettSj  with  a  view  to  its  adaptability  as  a 
harbor  of  refuse, 

3.  Charles  River ^  Massachusetts,  to  the  head  of  tidewater. 

4.  Lincolnville  Harbor,  Maine. 

5.  Lubec  Channel,  Maine. 

IMPROVEMENT  OF  HARBORS  AND  RIVERS  ON  THE  SOUTHERN  COAST 
OF  MASSACHUSETTS  AND  IN  RHODE  ISLAND — IMPROVEMENT  OF  CON- 
NECTICUT RIVER. 

Officer  in  charge,  Maj.  G.  K.  Warren,  Corps  of  Engineers,  with  Capt. 
D.  P.  Heap,  Cori)s  of  Engineers,  under  his  immediate  orders. 

1.  Improvement  of  Hyannis  Harbor,  Massachusetts. — Nothing  has  been 
done  at  this  place  during  the  past  fiscal  year. 

The  money  available  will  be  expended  in  strengthening  the  break- 
water at  it«  base  with  riprap  granite.  To  cx)mplete  the  projected  im- 
provement an  additional  appropriation  of  $7,000  will  be  required,  which 
it  is  desirable  should  be  made  available  as  soon  as  practicable,  in  order 
that  the  work  may  be  preserved  from  injury. 

July  1,  1877,  amount  available $42  94 

Amount  appropriated  by  act  approved  June  18,  1878 3,  000  00 

$3,  042  94 

July  1,  1878,  amount  expended  during  fiscal  year 42  94 

July  1,  1878,  amount  available 3,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 7,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  en  ding  Juno  30,  1880.     7,<KX)  00 

(See  Appendix  B 1.) 

2.  Improvement  of  Wareham  Harbor,  Massachusetts. — The  improvement 
of  this  harbor,  which  consisted  in  making  a  channel  9  feet  deep  at  mean 
low- water,  was  completed  in  1876.     The  mean  rise  of  tide  is  4  feet,  so 

tliat  vessels  drawing  13  feet  are  enabled  to  reach,  ti^e  ^Yiaiv^* 
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The  low  price  at  whicli  the  work  wa«  done  left  about  $2,000  after  the 
cooipletion  of  the  improvement,  with  which  smn  a  ^^sand-catcher''  in 
being  built  on  Long  Beach  to  arrest  the  sand  carried  over  it  into  the 
harbor. 

yo  further  api>ropriation  is  required  unless  a  greater  depth  of  channel 
is  desired. 

Joly  1, 1877,  amount  available $2,057  74 

July  1,  If^S,  amount  expended  during  fiscal  year 1, 153  :i8 

Jnly  1,  1878,  amount  available 1K)4  itf> 

(See  Api^endix  B  2.) 

3.  Imprarement  of  Xew  Bedford  Harbor^  Massachmetts, — The  improve- 
ment of  this  harbor  was  completed  during  the  fiscal  year.  The  original 
project  contemphited  a  chaimel  of  200  feet  in  widtli,  and  15  feet  deep  at 
mean  low- water,  fix^m  the  deep  water  at  Fair  Haven  to  the  wharves  at 
New  Be<lfoni,  at  an  estimated  cost  of  $24,000.  Owing,  however,  to  the 
prevailing  low  prices  of  labor^  &c.,  a  channel  300  feet  wide,  and  extend- 
ing iiirther  along  the  harbor  Imes  than  was  originally  designed,  has  been 
completed  at  a  cost  of  $20,000. 

Xo  further  appropriation  is  required. 

Joly  1,  1877,  anK»niit  available w $9,  (>54  (JO 

July  1,  1878,  amount  expended  during  fiscal  year 8,  8i"  2  78 

July  1.  1878,  amount  available 8()1  ^2 

(See  Api)endix  B  3.) 

4.  Improvement  of  Fall  River  Harbor^  Massachmetts. — The  removal 
during  the  fiscal  year  of  12,857  cubic  yards  of  material,  including  bowl- 
ders of  various  sizes,  completed  the  projected  imi)rovement  at  this  har- 
bor. The  channel  is  now  160  feet  wide  and  12  feet  deep  at  mean  low- 
water,  with  an  additional  width  of  100  feet  for  a  depth  of  11  feet  at  the 
same  stage  of  tide. 

The  estimated  cost  of  this  improvement  was  $45,000 ;  but  owing  to 
the  low  price  at  which  labor,  &c.,  was  obtained,  it  was  completed  for  the 
mm  of  $30,000. 

July  1,  1877,  amount  available $10,  256  47 

July  1,  1878,  amount  exi>ended  during  fiscal  year 10,  251)  47 

(See  Apx>endix  B  4.) 

5.  Imprarement  of  Taunton  River ^  Massachusetts. — There  being  no  funds 
available  for  the  imj)rovement  of  this  river  nothing  was  done  diu'ing  the 
fiscal  year. 

A  channel  of  60  feet  in  width  and  9  feet  in  depth,  at  mean  high-water 
practically  exists  as  far  as  Weir,  through  the  portion  of  the  river  for 
which  imx>rovement  was  projected. 

It  is  proposed  to  expend  the  appropriation  of  $2,000  made  by  the  act 
of  June  18,  1878,  in  removing  bowlders  from  the  sides  and  bottom  of 
this  channel.  To  comi)lete  the  improvement  previously  estimated  for 
will  require  an  additional  appropriation  of  $3,000. 

July  1,  1877,  amount  available $100  93 

Amcmnt  appropriated  by  act  approved  Jiuie  18,  1878 2,  000  00 

|2,  100  93 

July  1,  1878,  anionnt  expended  during  fiscal  year 100  93 

JnJy  1,  1878,  amonnt  available 2,000  00 

Amoimt  (ftstimated)  required  for  completion  of  existing  project 3,  000  (K> 

Amoont  that  can  oe  profitably  expended  in  fiscal  year  ending  June  30, 
im 3,000  00 

(See  Appendix  B3.) 
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6.  Improvement  of  Fawtucket  or  Seekonk  River ^  Rhode  Island, — ISo  work 
has  been  done  during  the  fiscal  year,  and  none  will  be  done  this  season 
unless  the  shoals  become  troublesome  or  the  channel  is  accidentally 
obstructed. 

July  1,  1877,  amount  available $1,511  28 

July  1,  1878,  amount  expended  during  fiscal  j'ear 127  75 

July  1,  1878,  amount  available 1,383  I>3 

(See  Appendix  B  6.) 

7.  Improvement  of  Providence  River  and  Narragansett  Bay,  Rhode 
Island. — The  project  for  this  improvement  consists  in  making  a  wide 
channel,  with  a  central  depth  of  23  feet  at  mean  low-water,  from  Pro\i- 
dence  to  the  sea,  at  an  estimated  cost  of  about  $500,000.  (See  special 
report  in  Appendix  B  7.) 

The  present  ruling  depth  is  about  14  feet,  the  mean  rise  of  the  tide 
being  about  4.7  feet. 

It  is  proposed  to  expend  the  api)ropriation  of  $50,000  made  by  the  act 
of  June  18,  1878,  in  dredging  a  channel  23  feet  deep  at  mean  low-water 
to  such  width  as  the  means  at  hand  will  allow — not  exceeding,  however, 
200  feet. 

The  appropriation  of  $5,000  contained  in  the  same  act  for  the  removal 
of  Bulkhead  Rock  in  this  river  is  insufficient  for  its  removal  to  the 
required  depth  (23  feet),  and  it  is  proposed  to  reserv^e  it  until  a  further 
appropriation  is  made  for  continuing  the  improvement  of  the  river, 
when  its  I'cmoval  may  be  undertaken. 

The  amount  required  for  continuing  the  improvement  during  the  next 
fiscal  year  is  $100,000. 

Improving  Providence  River  and  Narra^ansett  Bay: 

Amount  appropriated  by  act  approved  June  18,  1878 $50, 000  00 

July  1,  1878,  amount  available 50,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 450,  000  00 

Amoi>iit  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

m^o 100,000  00 

Improving  Providence  Rirer^  Rhode  Island,    Removing  Bulkhead  Rock  : 

July  1,  1877,  amoiuit  available , ^4  98 

Amount  appropriated  by  act  approved  June  18,  1878 5,000  00 

$5,  074  98 

July  1,  1878,  amount  expended  during  fiscal  year 74  98 

July  1,  1878,  amount  available 5,000  00 

(See  Apx)endix  B  7.) 

8.  Improvement  of  Nevoport  Harbor ^  Rhode  Island, — Nothing  has  been 
done  here  during  the  past  fiscal  year  and  no  work  is  contemplated  dur- 
ing the  next. 

July  1,  1877,  amount  available $30  14 

July  1,  1878,  Amount  expended  during  fiscal  year 30  14 

(See  Appendix  B8.) 

9.  Improvement  of  Block  Island  Rarhor,  Rhode  Island, — Dmnng  the 
fiscal  year  there  have  been  25,227  tons  of  riprap  granite  put  into  the 
breakwater  and  517  tons  of  bowlders  removed  from  the  anchorage  shel- 
tered by  it. 

The  breakwater  now  extends  out  1,425  feet  from  the  shore.  A  de- 
tached piece  300  feet  in  length  has  been  built  from  a  point  200  feet  from 
the  head  or  outer  end  of  the  main  work. 
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A  contract  lias  been  made  for  completing  the  work  with  the  above  di- 
mensions with  the  available  funds.  When  this  is  done  the  harbor,  for 
local  purposes,  will  be  completed.  No  further  appropriation  is  asked  for 
this  work. 

Jnly  1,  1877,  amonnt  available |46, 978  96 

July  1,  1878,  anioant  exi>ended  daring  fiscal  year 41, 424  24 

July  1,  1878,  amonnt  available 5, 554  72 

(See  Appendix  B9.) 

10.  Tmprorenientof  Fawcatuck  River ^  Rhode  Island  and  Connecticut. — ^o 
work  has  been  done  here  during  the  past  fiscal  year  and  none  is  con- 
templated during  the  next. 

July  1,  1877,  amonnt  available flOl  97 

Joly  1,  1878,  amount  expended  daring  fiscal  year 101  97 

(See  Appendix  B 10.) 

11.  Improvement  of  Little  N^arragansett  Bay^  Rhode  Island  and  Connecti- 
mt, — The  improvement  in  this  bay  was  begun  during  the  fiscal  year,  and 
4,015  cubic  yards  of  material,  including  bowlders  of  a  size  less  than  one 
cubic  yard,  were  removed  by  contract  at  a  cost  of  30  cents  per  cubic 
yard,  and  69  cubic  yards  of  bowlders  exceeding  one  cubic  yanl  in  size 
at  a  cost  of  $5  per  cubic  yard. 

There  were  also  removed  by  hired  labor  131  cubic  yards  of  dangerous 
Toeks. 

The  estimate  cost  of  the  projected  improvement  is  $51,000,  of  which 
ilo,U00  has  been  appropriated,  leaving  $36,000  still  to  be  api^ropriated 
to  complete  this  work. 

This  improvement  is  designed  to  make  a  safe  channel  through  the 
shoals,  where  the  ruling  depth  is  now  4J  feet  at  mean  low- water,  of  not 
less  than  7  J  feet  at  mean  low- water  and  200  feet  width.  The  mean  range 
of  the  tideis  about  2  J  feet. 

Julyl,  1877,  amount  available $5,000  00 

Asioimt  appropriated  by  act  approved  June  18,  1878 10, 000  00 

— ^— — —    $15, 000  00 
Wt  1,  1878,  amount  expended  during  fiscal  year 4,  320  62 

Jalyl,  1878,  amount  available 10,679  38 

Amcpunt  (estimated)  required  for  completion  of  existing  project 36, 000  00 

AnKHint  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      36,  000  00 

(See  Apjyendix  B  11.) 

12.  Improreinent  of  Connecticut  River^  below  Hartford^  Connecticut, — 
I  This  improvement  consists  in  removing  shoals  between  Haitford  and 
r  Middleto^^Ti,  and  in  deepening  the  water  on  the  bar  at  the  mouth  of  the 
I     river  (Saybrook  Bar)  by  means  of  stone  jetties,  the  littoral  current  of  the 

8oand  preventing  any  extension  of  the  bar.  During  the  fiscal  year  the 
bars  between  Harttbrd  and  Middletown  were  dredged  so  as  to  give  a 
ehaonel  witli  9  feet  depth  at  mean  low-water,  the  work  being  done  bj^  a 
dredge  hired  for  the  purpose.  The  wreck  of  the  schooner  E.  F.  Meany 
was  removed  from  Saybrook  Bar. 

The  fandH  remaining  were  insufftcient  for  continuing  work  upon  the 
jetties, 

W/t/i  the  #3O,O00  appropriated  by  act  of  Congress  approved  June  18, 

^^"t^jit  is  inten^eA  to  dredge  the  shoals  between  Hartford  and  Middle- 

^miat  /»fneli   places  as  at  low-water  may  be  found  to  be  necessary,  to 

^ke  the  ly^^  ^*  *^®  mouth  of  Salmon  Kiver,  and  to  extend  the  e^ist 

Mt\- ^f  g^\^\>rcHy^  Bar  to  outer  ed^e  of  the  bar. 

4:e^ 
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An  additional  appropriation  is  asked  for  continuing  the  work  on  Say- 
brook  Bar  and  for  dredging  the  shoals  between  Hartford  and  Middle- 
town. 

July  1,  1877,  amouut  available |10, 713  75 

Auiount  appropriated  by  act  approved  June  18,  1878 30,  000  00 

$40, 713  75 

July  1,  1878,  amount  expended  during  fiscal  year....- 8,  569  07 

July  1,  1878,  amount  available 32, 144  68 

Amount  (estimated)  required  for  completion  of  existing  project 30,  000  00 

Auiount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       30,  000  00 

(See  Appendix  B 12.) 

13.  Improvement  of  Connecticut  River  above  Hartford^  Connecticut^  and 
below  Holyokcj  Ma^saAnhusetts. — Thorough  surveys  have  been  made  of  tliis 
portion  of  the  river,  upon  which  projects  for  improvement  with  estimates 
of  cost  have  been  based. 

The  reports  upon  the  surveys  were  consolidated  and  printed  by  order 
of  the  House  of  Representatives  at  the  last  session  of  Congress  as  Ex- 
ecutive Docimient  No.  101,  House  of  Eepresentatives,  and  forms  Appen- 
endix  B 14  of  this  report. 

The  object  of  the  improvement  heretofore  attempted  was  to  produce 
at  Barber's  Landing  Bar,  by  dredging  (through  places  where  the  natural 
deptli  was  from  1 J  to  2  feet),  and  at  Scantic  Bar  and  Strong's  Island  Bar, 
by  means  of  wing-dams,  a  depth  of  3  feet  at  low-water. 

The  wing-dams  effected  the  desired  result,  and  the  depth  has  been 
permanently  maintained.  The  dredged  portions,  however,  have  been 
refilled,  and  there  exists  in  them  at  the  present  time  at  low- water  a  depth 
of  18  inches.  This  it  is  proposed  to  remedy  by  the  construction  of  wing- 
dams,  which  will  be  completed  during  the  next  fiscal  year. 

Such  improvement  is  desired,  however,  as  will  give  an  available  chan- 
nel at  low-water  for  vessels  drawing  6  feet,  and  of  dimensions  larger  than 
those  that  now  pass  through  the  existing  c^iial  at  Enfield  Falls. 

The  re<5tification  of  the  river  between  Hartford  and  Enfield  Falls  will 
form  an  essential  part  of  this  improvement,  and  an  appropriation  of 
$100,000  for  commencing  it  is  recommended  by  the  officer  in  charge.  The 
improvement  of  the  whole  portion,  a  distance  of  about  12  miles,  will,  it 
is  estimated,  cost  about  $1,000,000. 

The  improvement  around  the  Enfield  Falls  will  require  a  new  canal  and 
locks,  at  an  estimated  cost  of  about  $  1,000,000.  The  officer  in  charge  sub- 
mits an  estbnate  for  cx)mmenciiig  it  of  $200,000.  He  considers  this  more 
urgent  than  the  other  improvement,  as  it  would  make  available  for  navi- 
gation the  medium  stages  of  the  river,  which  afford  a  navigable  capacity 
greater  than  that  of  the  existmg  canal. 

The  falls  are  at  all  times  impassable. 

No  immediate  imjirovement  between  Enfield  Falls  and  Holyoke  is 
required. 

Connecticut  River  above  Hartford  and  below  Enfield  Falls: 

July  1,  1877,  araount  available $15,  562  47 

July  1,  1878,  amount  (expended  during  fiscal  year 6*29  71 

July  1,  1878,  amount  available 14, 932  76 

Connecticut  River  on  or  above  Enfield  Falhj  Connecticut^  and  below 
Holyoke^  Massachusetta : 

July  1,  1877,  amount  available $10,702  92 

July  1,  1878,  auiount  available 10,  702  92 

Amount  (estimated)  required  for  completion  of  proposed  project 8;J5,  801  00 

("See  Appendix  B13.) 
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EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  (X)mpl.y  with  the  provisions  of  the  river  and  harbor  act  of  June 
18, 1878,  Major  Warren  has  been  charged  with  and  is  now  engaged 
upon  examinations  and  surveys  at  the  following  locahties,  the  results  of 
which  will  be  duly  submitted  when  received : 

1.  Wegtport  HarboYy  Massdchmetts, 

2.  WoodTs  Holly  Massachtisetts. 

IMPROVEMENT   OF  HARBORS  ON  LONG  ISLAND   SOUND. 

OflBoer  in  charge.  Major  J.  W.  Barlow,  Cori)8  of  Engineers. 

1.  Improvement  of  Stonington  Harbor.  Connecticut, — No  appropriation 
for  this  improvement  having  been  made  for  the  past  fiscal  year,  work 
at  this  harbor  was  suspended. 

The  convenience  of  this  location  as  a  harbor  of  refuge,  with  depth  of 
water  sufficient  for  any  vessel  that  may  require  its  protection,  renders 
the  early  completion  of  the  breakwater  designed  to  cover  the  anchorage 
of  much  imi>ortance. 

With  the  appropriation  of  $40,000  by  the  act  of  June  18,  1878,  this 
work  will  be  extended  about  600  feet. 

The  sum  of  $75,000  can  be  profitably  expended  in  a  further  extension 
daring  the  next  fiscal  year. 

July  1,  1877,  amount  available $44  63 

AuMiint  appropriated  by  act  approved  June  18,  1878 40, 000  00 

$40,044  63 

July  1, 1878,  outstanding  liabiUties 40  00 

Jttlyl,  1878,  junount  available 40,004  63 

AiQoimt  (estimated)  required  for  completion  of  existing  project 166, 536  00 

Affioimt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      75, 000  00 

(See  Appendix  C  1.) 

2.  Impravement  of  TJiames  River ,  Connecticut. — ^An  examination  of  the 
shoals  near  Norwich  has  been  made  with  a  view  to  commencing  their 
imoval  nnder  the  appropriation  of  $10,000,  made  at  the  last  session  of 
C«n«nres8. 

Citizens  of  Norwich  have  petitioned  the  oflftcer  in  charge  to  increase 
the  depth  to  12  feet  at  mean  low- water.  This  plan,  at  an  estimated  cost 
of  175,000,  is  recommended  by  him. 

An  examination  of  a  shoal  near  the  new  wharf  at  New  London  has 
ak>  been  made,  and  an  estimate  submitted  for  its  removal. 

Amoant  appropriated  by  act  approved  June  18,  1878 |10, 000  00 

July  1,  1878,  amount  available 10,000  00 

iiBoant  (estimated)  required  for  completion  of  existing  project 81, 800  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.     25, 000  00 

(See  Appendix  C2.) 

3.  Improrement  of  New  Haven  Harbor^  Connecticut, — No  work  was 
done  upon  this  improvement  during  the  past  fiscal  year. 

With  the  appropriation  of  $25,000  now  available,  the  channel  between 
Fort  Hale  and  Long  Wharf  will  be  widened  to  about  325  feet,  with  a 
depth  of  16  feet  at  mean  low- water. 

The  commercial  im^jortance  of  New  Haven  is  representee!  as  justifying 
mcreased  harbor  &cilities,  the  present  shix)-channel  not  being  adequate 
to  the  growing  commerce  of  the  city. 

In  answer  to  a  resolution  of  the  House  of  Kepresentatives,  January 
^,  1875,  plans  and  estimates  were  submitted  for  the  enlargement  of  tbe 
dumnei  of  this  harbor^  and  for  the  construction  of  a  breakwater  from. 
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the  new  light -house  on  Southwest  Ledge  to  Quixe's  Ledge,  so  as  to 
aflford  secure  anchorage  in  stormy  weather  for  the  commerce  of  Long 
Island  Sound  at  its  widest  and  most  dangerous  point  and  midway  of  its 
length. 

Should  Congress  approve  this  project,  the  sum  of  $100,000  could 
be  profitably  expended  toward  its  construction  during  the  first  fiscal 
year. 

July  1,  1877,  amount  available |2, 612  23 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$27,612  23 

July  1,  1878,  amount  expended  during  fiscal  year 467  61 

July  1,  1878,  outstanding  liabmties 200  00 

667  61 

July  1,  1878,  amount  avaUable 26,944  62 

■ 
Amount  (estimated)  required  for  completion  of  proposed  project : 

Breakwater 400,000  00 

Dredging 180,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1880  (as  revised  in  this  office) 15,000  00 

(See  Appendix  C  3.) 

4.  Improvement  of  Milford  Harbor^  Connecticut — No  appropriation  was 
made  for  this  harbor  for  the  past  fiscal  year.  With  the  balance  on  hand 
the  long  jetty  has  been  repaired  and  a  general  supervision  of  the  im- 
provements maintained. 

With  the  present  appropriation  of  $10,000  the  long  jetty  will  be  com- 
pleted, the  dredged  channel  widened  to  100  feet  and  extended  through 
the  upper  harbor  to  the  Town  Wharf.  The  officer  in  charge  refers  to 
previous  recommendations  and  estimates  for  a  substantial  jetty  off 
Welch's  Point  to  protect  the  bluffs  from  erosion  and  to  provide  a  desir- 
able harbor  of  reftige.  This  jetty  will  cost  $45,000.  and  the  whole  sum 
could  be  most  advantageously  applied  during  one  nscal  year. 

July  1,  1877,  amount  available $445  84 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$10, 445  84 

July  1, 1878,  amount  expended  during  fiscal  year 313  07 

July  1,  1878,  amount  available 10, 132  77 

Amount  (estimated)  required  for  completion  of  proposed  project 45, 000  00 

(See  Api)endix  G  4.) 

5.  Improvement  ofHousatonic  River ^  Connecticut. — ^The  oflBcer  in  charge 
recommends  the  removal  of  the  obstruction  known  as  Drew's  Rock,  should 
it  be  found  upon  examination  that  the  work  can  be  done  at  a  moderate 
expense.  This  is  with  a  view  to  making  permanent  the  channel  through 
the  adjoining  sand-bar,  which  constantly  re-forms  by  the  action  of  eddies 
which  are  caused  by  that  obstruction. 

An  appropriation  of  $5,000  is  asked  for  the  ensuing  fiscal  year  for  that 
purpose. 

July  1,  1877,  amount  available $17  73 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 

|5, 017  73 

July  1,  1878,  amount  available ^ 5,017  73 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     5, 000  00 

(See  Appendix  C  5.) 

6.  Improvement  of  Bridgeport  Harbor^  Connecticut — ^The  appropriation 
Au^st  14^  1876^  was  .apj)lied  to  dredgmg  in  the  upper  harbor,  making 
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the  channel  firom  the  steamboat  wharf  to  the  lower  bridge  450  feet  wide 
and  9  feet  deep  at  mean  low-water. 

At  least  one-half  of  the  present  appropriation  will  be  devoted  to  dredg- 
ing above  the  bridge,  with  a  view  to  making  a  channel  100  feet  wide  and 
9  feet  deep  at  mean  low- water,  as  far  as  the  horse-railroad  bridge.  With 
the  remainder  the  12-foot  channel  will  be  widened  bet^  een  Sie  sound 
and  the  inner  beacon. 

The  existing  project  contemplates  the  widening  of  the  12-foot  channel 
on  the  outer  and  inner  bars  to  300  feet. 

July  1,  1877,  amount  available $9,886  95 

Aiiu>iiiit  appropriated  by  act  approved  Joue  18,  1878  .« 10,  000  00 

$19,  886  95 

July  1, 1878,  amomit  expended  during  fiscal  year 9,754  22 

July  1,  1878,  amount  available 10,132  73 


Amount  (estimated)  required  for  completion  of  exiuting  project 30, 000  00' 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    20, 000  00 

(See  Appendix  C  6.) 

7.  Improvement  of  Southport  Harbor^  ConnectieiU, — With  the  api^ropri- 
ition  of  $5,000  made  August  14,  1876,  the  breakwater  and  dike  have 
been  repaired,  the  material  used  in  repairing  the  dike  having  been 
obtained  from  the  channel  by  dredging. 

The  available  funds  were  found  siSicient  to  excavate  a  channel  60 
feet  wide  and  4  feet  deep,  at  mean  low-water,  from  the  outer  beacon  to 
above  the  breakwater. 

The  engineer  officer  in  charge  recommends  an  appropriation  of  $5,000 
to  widen  this  channel  to  100  feet. 

Jnlyl,  1877,  amount  available |5,  063  93 

hh  1,  1878,  amount  expended  diuing  fiscal  year |3, 185  19 

July  1.  1878,  outstanding  liabilities 1,226  05 

4, 411  24 

Joly  1, 1878,  amount  avaUable 652  69 


iaoimt  (estimated)  required  for  completion  of  existing  project 5, 000  00 

(See  Ai>pendix  C  7.) 

8.  Improvement  of  Port  Jefferson  Harbor^  Long  Isln^id,  New  York. — ^The 
mt  side  jetty  was  repaired  and  raised  to  a  height  of  4  feet  at  mean 
high-water.  A  gap  at  the  shore  end  was  filled,  and  the  plank  fence 
extended  farther  inland. 

Both  jetties  are  now  in  good  condition,  but  should  be  carried  out  to 
the  9-fof>t  curve  to  produce  their  fiill  effect. 

A  channel  25  feet  feet  wide  and  8  feet  deep  at  mean  low- water  was 
cot  through  the  bar  during  the  season. 

The  officer  in  charge  believes  that  the  width  of  this  channel  will  be 
increased  by  the  action  of  the  currents  upon  comi)letion  of  the  jetties, 
bat  should  this  not  be  the  case,  owing  to  the  heavy  nature  of  the  mate- 
rial of  which  the  bar  is  composed,  he  recommends  that  it  be  widened  to 
1(W  feet  by  dredging. 

July  1,  1877,  amount  available $11,261  64 

Asioant  appropriated  by  act  approved  June  18,  1878 8,  000  00 

|19,  261  64 

July  1,  1878,  amount  expended  during  fiscal  year 10,306  76 

July  1,  1878,  amount  available   8,954  88 


Amount  (entimated)  required  for  completion  o/ existing  project 25,  000  00 

imojmtthAtctaiheproBtabJy  expended  in  £scal  year  endiug  June  30, 1^0,       25  000  00 
/See  Appendix  C  8,) 
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9.  Improvement  ofNorwalk  Harbor^  Connecticut, — ^For  the  want  of  fdndfi 
this  improvement  ha«  been  suspended  during  the  past  two  years. 

The  present  appropriation  will  be  applied  toward  the  enlargement  of 
the  upper  channel  to  a  width  of  100  feet  and  depth  of  6  feet  at  mean 
low-water. 

To  continue  this  work,  the  officer  in  charge  recommends  an  appropria- 
tion of  $15,000  for  the  next  fiscal  year. 

Amount  appropriated  by  act  approved  June  18,  1878 $6,  000  00 

July  1,  1878,  amount  available 6,  000  00 

Amount  (ewtimat^d)  required  for  completion  of  existing  project 24,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.  15,  000  00 

(See  Appendix  C  9.) 

EXAMINATION  AND  SURVEY  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  Jnne  18,  1878, 
Major  Barlow  has  been  charged  with  and  is  now  engaged  upon  sur^-^ey 
and  examination  of  tlie  Thames  River ^  Connecticut^  the  result  of  which 
will  be  duly  submitted  when  received. 


IMPROVEMENT  OF  HUDSON  RIVER — REMOVAL  OF  OBSTRUCTIONS  IN 
EAST  RIVER,  INCLUDING  HELL  GATE  —  IMPROVEMENT  OF  HARLEM 
RIVER  AND  EAST  CHESTER  CREEK,  AND  OF  THE  HARBORS  OF  PORT 
CHESTER  AND  RONDOUT,  NEW  YORK;  PASSAIC  AND  RARITAN  RIVERS, 
AND  THE  CHANNEL  BETWEEN  STATEN  ISLAND  AND  NEW  JERSEY; 
HARBORS  ON  LAKE   CHAMPLAIN. 

Officer  in  charge,  Lieut.  Col.  John  Newton,  Corps  of  Engineers,  who 
has  under  his  immediate  orders  Capt.  James  Mercur  and  Lieut.  J.  H. 
Willard,  Corps  of  Engineers. 

1.  Improvement  of  Hudson  River ^  New  TorJc, — During  the  fiscal  year  a 
complete  survey  has  been  made  of  the  river  from  the  State  dam  at  Troy 
to  the  south  end  of  Houghtailing  Island,  New  Baltimore,  and  also  re-ex- 
aminations after  dredging  by  the  State  engineer  and  sur\'^eyor. 

A  complete  hydrographic  map,  on  scale  j-^q^j  has  been  prepared  in  five 
sheets,  gi\"ing  the  latest  information  of  the  condition  of  the  river  at  the 
close  of  the  season  of  1877,  from  Troy  to  New  Baltimore.  The  work 
done  during  the  fiscal  year  has  been  as  follows : 

Feet 

Completion  of  first  dike,  overslangh  system 2,  01 1 

ConHtnu'tion  of  second  dike,  overslangh  system 1, 508 ,*o 

Construction  of  second  half-<like,  overslaugh  system 448 

Construction  of  third  dike,  overslaugh  system 2, 610| 

Con8tructi(m  of  third  half-dike,  overelaugh  system 637 

Construction  of  dike  at  Bath 831 

Construction  of  dike  at  Coeymans 174 

Repairs  at  Hill  House  Island,  Beacon  Island,  Van  Wies  Point,  Parda  Hook,  and 
dike  at  Coeymans. 

Dredging  under  State  appropriation : 

Cubic 
yard«. 

Between  Albany  and  Troy 24,  833 

Between  Albany  and  New  Baltimore 20, 209 

Amount  removed  to  date 226, 842 
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July  1.  1877,  ainonnt  available |36, 860  42 

Amoimt  appropriated  by  act  approved  June  18,  1878 70,  000  00 

$106,  860  42 

July  1,  1878,  amount  expende<l  during  fiscal  year 36, 771  39 

July  1,  1878,  outstanding  liabilities 89  03 

36,  860  42 

July  1,  18^,  amount  available 70,000  00 

Amoaut  (etitimate<l)  reciuired  for  completion  of  existing  project $95, 016  47 

Aniouut  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1880.      95, 016  47 

(See  Api>endix  D  1.) 

2.  Removing  ohstruetions  in  East  River  and  at  Hell  Gate^  N^eiv  YorJCj 
(HalleVit  Point.) — The  contract  with  Mr.  Emor^'  R.  Seward  for  the  re- 
moval of  broken  rock  fi'om  this  reef  wa«  extended  from  June  30, 1877,  to 
Xovember  1,  1877,  and  from  the  commencement  of  the  year  to  closing 
the  contract  13,282  tons  of  rock  were  removed. 

Go  exjiii^ation  of  Mr.  Seward's  contract,  after  due  public  notice,  con- 
trac^t  was  made  with  the  Atlantic  Dred^ng  Company  for  the  removal  of 
25,000  tons  of  broken  rock.  Work  wa«  commenced  in  January,  1878, 
anil  at  the  close  of  the  year  6,(>83  tons  of  broken  rock  were  removed. 
From  November  1,  1877,  to  December  19,  1877,  the  work  of  remo^ing 
the  broken  rock  was  continued  by  hiring  di'edges  and  grapi)les  by  the 
day,  and  3,293.38  tons  were  removed. 

Fhjod  Rock. — No  work  was  done  except  to  remove  the  shops  and  store- 
hoiLse^  formerly  used  in  the  work  on  Hallet's  Point. 

The  survey  of  this  rock  and  the  reef  has  been  completed  and  plotted. 

Dimng  the  latter  part  of  June,  1878,  a  few  men  were  employed  in  get- 
ting the  machinery  and  pumps  in  order  preparatory  to  resuming  active 
operations. 

Steam-drilling  scotc. — Owing  to  want  of  funds,  no  work  was  done  by 
tlim  machine  during  the  year. 

Jnlv  1,  1K77,  amonnt  available $12:^,355  78 

AnK>ant  appropriated  by  act  approval  Juoe  18,  1878 350,000  00 

$473,  355  78 

July  1,  lf?78,  amount  expended  during  fiscal  year 86, 050  27 

ittlv  1,  1??78,  outstanding  liabilities 4,  345  30 

90,  395  57 

Jq1?1,  1878,  amount  avaUable 382,960  21 

AnKinnt  (cHtimated)  required  for  completion  of  existinp^  projwt 2,  863, 127  55 

Amoant  that  can  be  protitably  exi>ended  iu  fiscal  year  ending  June  30, 1880.       600, 000  00 

(See  Appendix  D  ^.) 

3.  Improvement  of  Harlem  River y  Kew  Yorl\ — The  appropriation  for 
thi?4  work  wa«  made  June  18, 1878,  and  the  act  contains  a  luoviso  that 
it  Ls  not  available  until  the  right  of  way  is  secured  to  the  United  States 
free  of  cost.     Negotiations  to  that  end  are  now  in  progress. 

Aiuonnt  appropriated  by  act  approved  June  18, 1878 $300,  000  00 

July  1,  187»5,  amount  avaUable 300,000  00 

Amount  (estimated)  re<|uired  for  completion  of  existing  project 1, 700,  (KM)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  eiuling  June  30, 
H-0 700,000  00 

(See  Appendix  D  3.) 

4  Improvement  of  Passaic  River^  Xetv  Jersey. — From  the  commence- 
ment of  the  fiscal  year  to  Januaiy^,  1878,  work  was  continued  in  clearing 
the  channels  from  loose  stones  and  dredging  a  shoal  near  the  Erie  Rail- 
road bridge. 

With  the  Bpprapriatjon  of  Jane  18,  1878,  it  is  pvopo^e^  to  continue 
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the  clearing  the  channel  of  loose  stones,  and  to  drill  and  blast  a  num- 
ber of  large  bowlders. 

July  1,  1877,  amount  available $8,  565  46 

Amount  appropriated  by  act  approved  June  18,  1878 lo,  000  00 

$18, 565  46 

July  1,  1878,  amount  expended  during  fiscal  year 7, 956  54 

July  1,  1878,  amount  available 10,608  92 

Amount  (estimated)  required  for  completion  of  existing  project 13,  924  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       5,  000  00 

(See  Appendix  D  4 ) 

5.  Improvement  of  East  Chester  Creekj  N'ew  TorJc, — The  work  under 
contract  on  the  cut  100  feet  wide  and  about  2,200  feet  long  was  com- 
pleted. 

The  following  work  not  included  in  the  contract  was  done  by  hired 
labor:  14,855  cubic  yards  of  mud,  clay,  and  bowlders  removed  from  the 
cut  near  the  bridge  on  the  Boston  road,  and  16,235  cubic  yards  from  the 
west  bank  of  the  channel  opposite  Goose  Island. 

July  1,  1877,  amount  available $29,  718  87 

Amount  appropriated  by  act  approved  June  18,  1878 10,  000  00 

$39,  718  87 

July  1,  1878,  amount  expended  during  fiscal  year 29,  707  12 

July  1,  1878,  amount  available 10,  Oil  75 

Amount  (estimated)  required  for  completion  of  existing  project 89,  500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     10,  000  00 

(See  Appendix  D  5.) 

6.  Improvement  of  Port  Chester  Harbor,  J^ew  Yorh — 'No  ai)propriation 
having  been  made  for  this  work,  no  work  was  done  during  the  yeiir. 

July  1,  1877,  amount  available $2,200  00 

July  1,  1878,  amount  expended  during  fiscal  year 250  00 

July  1,  1878,  amount  available 1,  950  00 

Amount  (estimated)  required  for  completion  of  existing  project 84,632  00 

(See  Appendix  D  6.) 

7.  Improvement  of  harbor  at  Rondoutj  yew  York. — The  branch  dike, 
883  feet  long,  was  completed  September  12, 1877,  and  the  south  dike, 
893.6  feet  long,  June  1,  1878. 

A  fender  of  pile- work  has  been  placed  around  the  junction  of  the  north 
and  south  dikes  to  protect  it  from  collisions  by  vessels  entering  the 
harbor. 

Spring-piles  were  driven  along  the  face  of  the  north,  branch,  and 
south  dikes  to  mark  their  location  at  high- water. 

July  1,  1877,  amount  available ^3,289  77 

Amount  appropriated  by  act  approved  June  18,  1878 30, 0(X)  00 

$53, 289  77 

July  1,  1878,  amount  expended  during  fiscal  year 18,786  24 

July  1,  1878,  amount  available 34,503  53 

(See  Appendix  D  7.) 

8.  Improvement  of  channel  beticeen  Staten  Island  and  New  Jersey. — No 
work  has  been  done  during  the  year,  a«  the  efforts  to  ascertain  from 
those  most  largely  interested  in  the  improvement  of  this  channel  what, 
in  their  opinion,  tbe  needs  of  commerce  require  have  not  resulted  in 
anything  satisfactory  enough  to  warrant  the  expenditure  of  the  funds 
a  vailable. 
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July  1,  1877,  amount  available $10, 229  74 

Amount  appropriated  by  act  approved  June  18,  1878 15,  000  00 

125, 229  74 

July  1,  1878,  amount  expended  daring  fiscal  year 5  00 

July  1,  1878,  amount  available 25,224  74 

Amount  (estimated)  required  for  completion  of  existing  project 15,  480  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       15, 000  00 

(See  Appendix  D  8.) 

9.  Impravement  of  Baritan  River,  New  Jersey, — The  appropriation  for 
this  work  having  been  made  so  near  the  close  of  the  fiscal  year,  there  is 
no  work  to  report. 

Amoant  appropriated  by  act  approved  June  18, 1878 $200, 000  00 

$200,000  00 

Julyl,  1878,  amount  available 200,000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 1,  893,  662  05 

Amoimt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1880 200,000  00 

(See  Appendix  D  9.) 

10.  Improvement  of  Echo  Harbor,  New  Rochelle,  New  YorJc, — The  ap- 
propriation for  this  work  having  been  made  so  near  the  close  of  the 
fiscal  year,  there  is  no  work  to  report. 

Amtnmt  appropriated  by  act  approved  June  18,  1878 $10,  000  00 

Jnlyl,  1878,  amount  available 10,000  00 

Amoant  (estimated)  required  for  completion  of  existing  project 28,  955  38 

Amoimt  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1880 .       10,  000  00 

(See  Appendix  D 10.) 

11.  Improvement  of  Plattsburg  Harbor,  New  YorJc. — ^Repairs  have  been 
made  to  the  breakwater  by  filling  empty  places  with  stone,  and  the  bar 
extending  easterly  from  the  face  of  the  south  wharf  has  been  removed, 
the  depth  of  water  having  been  increased  to  8  feet ;  1,073  cubic  yards 
of  silt,  sand,  clay,  and  stone  have  been  dredged,  and  525  cubic  yards  of 
rabble  stone  applied  to  the  repairs  of  the  breakwater. 

Jttly  1,  leT7,  amount  available $4,  941  52 

July  1, 1878y  amount  expended  during  fiscal  year 3,961  03 

July  1, 1878,  amount  available 980  49 

ifficmnt  (estimated)  required  for  dredging 5,  000  00 

AiiK>ant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     5,  000  00 

(See  Appendix  D 11.) 

12.  Improvement  of  harbor  of  Burlington,  Vermont — The  repairs  to  the 
southern  end  of  the  breakwater  have  been  completed. 

A  crib,  28  feet  long  and  of  the  required  height  for  filling  the  gap  near  the 
southern  end,  has  l^n  constructed  by  hired  labor  and  sunk  in  position. 

The  exterior  fiace  of  the  old  breakwater  for  about  1,100  feet  has  been 
repaired. 

The  portion  of  the  northern  breakwater  of  200  feet  has  been  repaired 
and  the  superstructure  reconstructed. 

July  1, 1877,  amount  available $15,477  15 

Amoant  appropriated  by  act  approved  June  18,  1878 20,  000  00 

$35,  477  15 

July  1, 1876,  amount  expended  during  fiscal  year 12,  717  50 

Joly  1, 1878,  amount  available 22,  759  65 

Amount  (estimated)  required  for  completion  of  existing  project 275,000  00 

Am^mnt  that  can  X^pro^tably  ejqfended in  fscal year  ending  June  30, 1880.     50,  000  00 
'/See  Appendix  1)12.) 
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13.  Improrement  of  harbor  at  Stcamtom^  VermomL — ^No  work  has  been 
doue  diiriii*^  the  year.  The  breakwater  was  serioiLsly  mjiired  by  ice 
flije-<  diiriji^  the  pi*e valence  of  a  heavy  north wei^teriy  storm  in  the  mouth 
of  March  last-  With  the  appropriation  of  June  IS,  1878,  it  is  proposed 
to  repair  these  and  to  eontinae  the  extension  of  the  breakwater  in  a 
north  we*iterlv  direction. 

July  1,  l-?77,  amount  available - - $2,610  €5 

Aioouut  appropriated  by  act  approved  June  18,  I'^S. '20,  000  00 

122, 610  65 

July  1, 1?7*^,  amount  expended  during  fii^cal  year.. .......... ........  10  15 

July  1,  lri7^j  amount  available 22,  600  50 

Amount  (estimated)  re^juired  for  completion  of  existing  project 217, 160  00 

Amount  that  can  br  profitably  expended  in  fiscal  year  ending  June  30, 18^.     20,  000  00 

(See  Appendix  D 13.) 

14.  Improvement  of  Otter  Creel\  Vermont. — ^Xo  operations  were  con- 
dueteil  during  the  year  for  want  of  funds. 

With  the  apjiropriation  of  June  18,  1878,  it  is  proposed  to  resume 
work  on  the  iuii)rovement  of  the  channel  and  of  Vergennes  Basin. 

July  1,  I'^fTT,  amount  available $65  84 

Amount  appropriated  by  act  approved  June  18,  1878 8,000  00 

$8,055  84 

July  1,  1878,  amount  ex|>ended  during  fiscal  year 5  00 

July  1,  1878,  amount  available 8,050  84 

Amount  (estimated)  required  for  completion  of  existing  project 35, 146  Oq 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  20,  000  00 

(See  Appendix  D  14.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

In  answer  to  resolutions  of  House  of  Representatives,  Lieutenant- 
Colonel  Newton,  daring  the  fiscal  year,  submitted  to  this  office  reports 
upon  examinations  mmle  at  the  following  localities : 

1.  Comt  of  Long  Island^  between  Rockaway  Inlet  and  Coney  Island, 
(See  Appendix  D  15.) 

2.  Junction  of  Newtoicn  Creek  and  East  River^  Xew  York.  (See  Ai)pen- 
dix  D  10.) 

3.  Fhishing  Bay,  New  York.    (See  Appendix  D  17.) 

As  no  funds  were  available  for  these  examinations,  the  reports  were 
ne(?es8arily  made  from  the  best  sources  of  information  attainable. 

To  comply  with  the  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Lieutenant-Colonel  Xewton  has  been  charged  with  and  is  now 
engaged  upon  examinations  and  surveys  at  the  following  localities,  the 
residts  of  which  will  be  duly  submitted  when  received : 

1.  Flushing  Bay.  New  York. 

2.  Tlie  coant  of  Lmq  Island^  New  York,  between  Coney  Island  Point  and 
Rockaway  Inlet ^  in  New  York  Bay. 

3.  Sheepshead  Bay^  New  York. 
4c.  Canarsie  Bay,  New  York. 

5.  Fast  River y  New  York^  at  its  junction  with  Newtown  Creek. 
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CONSTRUCTION  OF  PIER  AT  LEWES,  DELAWARE — HARBOR  IMTROVE- 
3CENTS  ON  DELAWARE  RIVER  AND  BAY — IMPROVEMENT  OF  THE 
NAVIGATION  OF  DELAWARE  AND  SCHUYLKILL  RIVERS;  OF  BROAD- 
KILN  RIVER,  DELAWARE ;  AND  OF  SHREWSBURY  RIVER  AND  COHANSEY 
CREEK,  NEW  JERSEY — ^DELAWARE  BREAKWATER  HARBOR. 

Officers  in  charge,  Lieut.  Col.  J.  D.  Kurtz,  Corps  of  Engineers,  until 
his  death,  October  16,  1877,  since  which  time  Col.  J.  N.  Macomb,  Corps 
of  Engineers. 

Capt.  William  Ludlow,  Corps  of  Engineers,  has,  during  the  fiscal  year, 
been  under  the  immediate  orders  of  the  officers  in  charge  of  thcvse  works. 

1.  Constru^Hon  of  pier  near  Lewen^  Delaware, — Dming  the  past  season 
30  piles  and  their  attachments  have  been  plac^l  in  position,  which  in- 
dade8  the  79th  row,  and  extended  the  pier  126  feet,  making  the  whole 
length  of  the  pier  1,659  feet. 

The  superstructure  was  somewhat  delayed  in  its  construction,  owing 
to  proiKised  mollifications  in  the  plan  of  construction  for  the  pier-head, 
in  onier  to  adapt  it  fiilly  to  its  intended  use. 

Various  tests  have  been  made  of  the  sustaining  capacity  of  the  piles 
now  in  position,  and  the  stability  of  the  gravel  stratum,  the  result  being 
quite  satisfactory. 

In  \iew  of  the  deterioration  of  implements  and  machinery-,  o>\ing  to 
delay  in  the  work  for  want  of  sufficient  appropriations,  it  is  estimated 
that  the  pier  cannot  be  completed  for  less  than  $35,000,  which  sum  can 
be  advantageously  exi)ended  in  the  fiscal  year  ending  30th  Jime,  1880. 

Jnly  1,  1877,  amount  available $20,821  63 

AjDoant  appropriated  by  act  approved  June  18, 1878 20, 000  00 

$40, 821  63 

Jnly  1,  1878,  anionnt  expended  during  fiscal  year 20,  820  54 

Jnly  1,  1878,  amount  available 20,001  09 

Amonnt  (e8timat«d)  required  for  completion  of  existing  project 35, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     35, 000  00 

(See  Appendix  E  1.) 

2.  Improving  ice-harhor  at  N'ew  CastlSj  Delaware. — ^The  coal-wharf 
below  the  harbor  has  been  removed  for  a  length  of  110  feet  in  addition 
to  that  previously  taken  away,  making  218  feet  in  all,  and  a  substantial 
heail  ha«  been  built  on  the  part  remaining.  It  is  thought  that  enough 
of  this  obstruction  has  now  been  removed  to  prevent  any  further  ill 
efiiects  from  it  on  the  harbor. 

The  crib-foundation  for  the  new  ice-pier,  the  last  contemplated  by  the 
pre^nt  plan  of  improvement,  has  been  completed  in  readiness  for  the 
stone  superstructure,  and  it  is  proposed  to  apply  the  amount  appropriated 
for  the  ensuing  year  in  building  up  the  stone  work  as  far  as  practicable. 

Next  year  it  is  proposed  to  complete  the  pier  and  dredge  out  the  ac- 
dUQulated  sediment  in  the  lower  part  of  the  harbor,  for  which  purpose 
an  appropriation  of  $18,500  is  asked. 

Joljl,  1877,  amount  available $14,418  27 

Amount  appropriated  by  act  approved  Juno  18,  1878 10,  000  00 

^  $24,  418  27 

iulj  1,  1878^  amount  exi)ended  during  fiscal  year 14,418  27 

JaJjI,  1878,  amount  available 10,000  00 

Amount  (egiiinAte>d )  required  for  completion  of  exinting  "project 18,  500  00 

Amoant  t  J!iat  cbti  be  profitably  expended  in  fiscal  year  enujiig  June  30, 1880      IB,  500  00 

(See  Appendix  B  2.) 
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3.  Improving  harbor  at  Wilmington^  Delaware, — ^During  the  past  year 
operations  have  been  directed  to  the  removal  of  fast-rock  from,  the  chan- 
nel just  below  Third  street,  and  the  removal  of  mud  from  the  channel 
between  the  Christiana  Iron  Company's  wharf  and  Brandywine  Creek. 
The  width  of  the  channel  has  been  increased  in  each  case,  afifoixling 
13  feet  depth  of  water  at  the  former  and  12  feet  at  the  latter  i)oint  of 
low  tide. 

The  present  season  it  i^  proposed  to  remove  24,000  cubic  yards  of  mud 
from  the  channel  between  the  light-house  buoy  depot  and  mouth  of 
Brandywine ;  about  68  cubic  yards  of  rock  from  the  channel  just  above 
and  below  Third  street. 

Kext  season  it  is  proposed  to  remove,  by  dredging  along  the  channel 
between  the  Christiana  Iron  Company's  wharf  and  mouth  of  Brandy- 
wine Creek,  at  a  point  on  the  south  side  of  the  channel  just  above  the 
Brandywine  and  along  the  channel  from  opposite  the  Lobdell  Works 
to  near  Market  street,  about  56,000  cubic  yards  of  material. 

This  will  require  an  appropriation  of  $13,000. 

July  1,  1877,  amount  available $12,513  81 

Amount  appropriated  by  act  approved  June  18,  1878 7,  000  00 

•  $19,  513  81 

July  1,  1878,  amount  expended  during  fiscal  year 12,  512  66 

July  1,  1878,  amount  available 7,  001  15 

Amount  (estimated)  renuired  for  completion  of  existing  project. ........       13,  000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .       13,  000  00 

(See  Appendix  E  3.) 

4.  Improviiig  harbor  at  Marcus  Hook^  Pennsylvania, — ^o  material 
change  in  the  condition  of  this  harbor  has  taken  place  during  the  past 
year. 

Slight  repairs  are  required  to  the  top  portion  to  the  outer  ice-pier  on 
the  upi)er  line.  The  top  portion  of  the  two  landing-piers  and  the  connect- 
ing bridges  are  much  in  need  of  repairs,  the  timber  being  considerably 
decayed.    A  small  quantity  of  earth  filliiig  is  also  washed  oflf. 

During  the  present  season  it  will  be  advisable  to  make  all  necessary 
repairs  at  this  work,  which  can  be  done  from  the  existing  appropriation. 

July  1,  1877,  amount  available |6,  342  91 

July  1,  1878,  amount  expended  during  fiscal  year 1,  321  15 

July  1,  1878,  amount  available   5,021  76 

(See  Appendix  E  4.) 

5.  Improving  ice-harbor  at  Chester^  Pennsylvania. — There  has  been  no 
material  change  in  the  condition  of  this  harbor  during  the  past  year.  No 
work  has  been  done  here  during  the  fiscal  year  for  want  of  funds. 

The  ice-piers  and  connecting  bridges  on  the  upper  line  of  the  harbor 
are  in  good  condition.  The  piers  and  causeway  on  the  lower  line  of  the 
harbor  need  repairs,  and  a  bridge  to  connect  with  the  outer  pier  will  have 
to  be  rebuilt. 

By  act  of  Congress,  approved  June  18, 1878,  $3,400  were  appropriated 
for  improving  this  harbor. 

During  the  present  season  it  is  proposed  to  make  necessary  repairs  to 
the  piers  and  causeway  on  the  lower  line,  and  rebuild  the  bridge  to  con- 
nect with  the  outer  pier. 

Amount  appropriated  by  act  approved  June  18, 1878 |3,  400  00 

July  1,  1878,  amount  available 3,400  00 

(See  Appendix  E  5.) 
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6.  Improting  SchvyJcill  River ^  Pennsylvania, — During  the  past  year  oper- 
ations for  improving  this  river  have  been  confined  along  the  channel  from 
the  mouth  up  stream  to  opposite  the  outlet  of  Back  Channel,  and  along 
the  channel  in  the  vicinity  of  Gibjson's  Point,  the  improvement  at  the 
former  locality  being  with  a  view  of  deepening  the  channel  to  24  feet  at 
low  tide.  About  50,000  cubic  yards  have  been  removed.  At  the  latter 
point  about  17,000  cubic  yards  have  been  removed,  obtaining  20  feet 
depth  of  water  at  low  tide. 

The  present  season  it  is  proposed  to  continue  the  dredging  in  the  vi- 
cinity of  the  mouth,  advancing  up  stream  to  near  the  Giranl  Point  grain- 
elevator,  just  above  Penrose  Ferrybridge;  along  the  channel  between 
Point  Breeze  and  Gibson's  Point;  and  removal  of  rock  obstructions  oft* 
"Gibson's."  This  will  require  the  removal  of  about  135,100  cubic  yards 
of  material. 

Next  year  it  is  proposed  to  complete  the  deep-water  channel  from  the 
month  up  stream  toward  Girard  Point ;  continue  the  improvement  along 
the  channel  between  Point  Breeze  and  Gibson's  Point  j  along  the  chaimel 
off  "Gibson's,''  and  above  toward  Gray's  Ferry  bndge.  This  will  re- 
quire the  removal  of  100,000  cubic  yards  of  mud  between  the  mouth  and 
Girard  Point;  20,000  cubic  yards  coarse  material  between  Point  Breeze 
and  "Gibson's;"  300  cubic  yards  of  rock  off  "Gibson's"  and  about 
50,000  cubic  yards  of  sand  and  gravel  between  "Gibson's"  and  Gray's 
Ferry  bridge^  the  latter  work  to  be  executed  with  a  view  of  affording 
18  feet  depth  of  water  at  low  tide. 

July  1,  1877,  amount  available $14,  003  79 

Amount  appropriated  by  act  approved  June  18,  1878 30,  000  00 

$44, 003  79 

July  1,  1878,  amount  exi>ended  during  fiscal  year 13,680  01 

Jnlyl,  1878,  amount  available 30,323  78 

inoont  (eiitimated)  re<iuired  for  completion  of  existing  project 179, 700  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     50, 000  00 

(See  Appendix  E  6.) 

7.  Improving  Delaware  River  heUnc  Petty' s  Island,- — ^During  the  past  year 
the  work  of  improving  this  river  was  continued  at  Fort  Mifflin  Bar,  in- 
creasing the  width  of  channel,  and  the  depth  to  22  feet  at  low  water ; 
about  62,000  cubic  yards  of  material  were  removed. 

The  wreck  of  sloop  Spray  was  removed  from  the  channel  just  above 
Pea  Patch  Island,  Fort  Delaware. 

Examinations  and  surveys  are  now  in  progress  to  ascertain  the  char- 
acter and  extent  of  work  to  be  done  before  submitting  a  project  for  the 
application  of  the  amount,  appropriated  Jime  18,  1878,  for  this  river. 

July  1,  1877,  amonnt  available $25,836  05 

Amoont  appropriated  by  act  approved  June  18,  1878,  for  im- 
proving Delaware  River  below  Bridesburg,  Pennsylvania..  100,  000  00 

——^-^——  $125,  o3o  Od 
July  1,  1878,  amount  expended  during  fiscal  year 19,  695  20 

July  1,  1878,  amount  available 106,140  85 

(See  Appendix  E  7.) 

8.  Impraving  Delatcare  River  between  Trenton  and  White  Uillj  New 
Jersey. — ^Xo  work  has  been  done  at  this  locality  since  operations  ceased  in 
the  fall  of  1875  for  want  of  funds.  A  channel  had  then  been  made  along 
the  north  and  east  side  of  Periwig  Island,  125  feet  in  width  and  6  feet 
depth  of  water  at  low  tide. 

Congress,  at  its  last  session^  appropriated  $10^000  for  continuing  the 
unprovement  of  the  river  at  this  locality. 
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It  is  proposed  to  make  examinations  along  the  channel  of  the  river,  to 
ascertain  the  character  and  extent  of  the  obstructions,  previous  to  sub- 
mitting a  project  for  executing  the  work. 

Amount  appropriated  by  act  approved  Jiine  18,  1878 ! .  $10,  000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 20,  (KK)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  20, 000  00 

(See  Appendix  E  8.) 

9.  Improving  Broadkiln  River ^  Delaware. — Operations  for  the  improve- 
ment of  this  river  ceased  in  the  spring  of  1874. 

Should  an  appropriation  be  made,  it  is  proiK)sed  next  year  to  continue 
the  work  by  dredging  the  river  at  the  shoal  places  and  excavating  an 
inlet  into  the  bay  at  the  junction  of  the  Broadkiln  and  Lewes  Creeks. 

Amount  (estimated)  required  for  completion  of  existing  project $70,  447  00 

(See  Appendix  E  9.) 

10.  Improving  the  north  and  south  branches  of  Shretcshury  River ^  New 
Jersey. — No  work  has  been  done  for  the  improvement  of  this  river  since 
1873. 

During  the  present  season  it  is  proposed  to  make  a  thorough  survey 
of  the  river,  in  order  to  prepare  a  project  for  the  application  of  the  sum 
appropriated  June  18,  1878. 

Amount  appropriated  by  act  approved  June  18,  1878 f  18,  000  00 

July  1,  1878,  amount  available 18,  000  00 

(See  Appendix  E 10.) 

11.  Improving  Cohansey  Creekj  New  Jersey, — "No  appropriation  has  been 
made  for  this  work  for  the  last  four  years. 

It  is  proposed  to  expend  the  amount  appropriated  June  18,  1878,  in 
deepening  and  widening  the  chaimel  according  to  the  original  project. 

For  continuing  this  improvement  an  appropriation  of  $15,000  is  asked 
for  the  next  fiscal  year. 

Amount  appropriated  by  act  approved  June  18,  1878 $5,  000  00 

July  1,  1878,  amount  av'ailable  5,  OIK)  00 

Amount  (estimated)  required  for  completion  of  existing  project 15,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .  15,  000  00 

(See  Appendix  E  11.) 

12.  Improving  channel  of  Salem  River ^  Xew  Jersey, — ^No  work  has  been 
done  for  tlie  improvement  of  this  river  since  1871. 

Pre^ioua  to  making  a  project  for  the  application  of  the  sum  appropri- 
ated Jime  18,  1878,  it  is  proi>osed  to  make  an  exaimnation  at  the  mouth 
of  the  river  to  determine  the  extent  and  character  of  the  obstructions 
and  the  best  method  of  their  removal. 

Amount  appropriated  by  act  approved  June  18,  1878 $3,  000  00 

July  1,  1878,  amount  available 3,  000  00 

(See  Appendix  E  12.) 

13.  Delaware  Breakwater. — ^There  has  been  no  material  change  in  the 
condition  of  this  work  since  tbe  last  annual  report. 

The  use  of  the  harbor  as  a  port  of  call  for  transatlantic  shipj)ing  is 
largely  increasing,  as  ^vill  be  seen  by  the  tabular  statement  in  the  ap- 
pendix. 

(See  Appendix  B  13.) 

14.  Port  Wardens^  LinCj  Philudelphia,  Pennsylvania, — This  question  re- 
mains as  last  reported. 

(See  Appendix  E  14.) 
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EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Colonel  Macomb  has  been  charged  with  and  is  now  engaged  upon 
surveys  and  examinations  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  received : 

1.  The  Mispillion  Creek^  Delaware, 

2.  The  Salem  River j  New  Jersey,  between  Sharpstown  and  Delaware 
Canal, 

3.  Woodbridge  Creek,  Middlesex  County,  New  Jersey, 
L  Elizabeth  River,  New  Jersey, 

0.  Rahway  River,  New  Jersey, 

6.  Mana^quan  River,  New  Jersey, 

7.  Duck  Creek,  Delaware, 

8.  The  Delaware  River  below  League  Island, 

MPROVEMENT  OF  HARBORS  AND  RIVERS  OF  CHESAPEAKE  BAY,  MARY- 
LAND; OF  JAMES  AND  APPOMATTOX  RIVERS,  VIRGINIA;  OF  GREAT 
KANAWHA  RIVER,  WEST  VIRGINIA;  OF  NEW  RIVER,  VIRGINIA  AND 
WEST  VIRGINIA,  AND   OF  CAPE  FEAR  RIVER,  NORTH  CAROLINA. 

Officer  in  charge,  Maj.  William  P.  Craighill,  Corps  of  Engineers,  hav- 
ing under  his  immediate  orders  Capts.  J.  W.  Cuyler  and  C  B.  Phillips, 
and  Lieut.  Thomas  Turtle,  Corps  of  Engineers. 

During  the  absence  of  Major  Craighill  on  duty  in  Euroi)e,  from  Feb- 
ruary 27  to  the  end  of  the  fiscal  year,  he  was  temporarily  relieved  by 
Captain  Cuyler  of  the  improvement  of  New  Kiver,  and  of  the  remaining 
improvementH  in  his  charge  by  Captain  Phillips. 

1.  Improvefuent  of  Chester  River  at  Kent  Island  Narrows,  Maryland, — 
At  the  date  of  the  last  annual  report,  the  original  project  for  this  im- 
provement, which  was  to  dredge  a  channel  100  feet  in  width  and  7  feet 
in  depth  at  ordinary  low  water  from  Easton  Bay  to  Chester  River,  had 
been  carried  out^  except  tliat  the  channel  on  the  Easton  Bay  side,  as 
w^ell  as  about  two-fifths  of  the  length  of  the  chaimel  on  the  Chester  Kiver 
side  of  the  Kent  Island  Causeway,  had  been  completed  to  only  80  feet  in 
niilth.  The  passage  through  the  causeway  had  also  been  cut  to  the  full 
width  (60  feet)  allowed  by  the  draw ;  and  additional  vent  had  been  pro- 
vided for  the  current  by  cutting  away  the  causeway  under  the  counter- 
IM>ise  of  the  draw,  and  the  introduction  by  the  county  authorities  of  one 
span  of  pile  bridge  next  to  the  draw  abutment. 

From  an  examination  of  the  channel  made  shortly  before  the  date  of 
the  last  annual  rei>ort,  it  was  ascertained  that  while  the  channel  gener- 
ally was  standing  well,  a  shoaling  was  taking  place  immediately  below 
the  causeway,  on  the  Easton  Bay  side,  due  to  the  change  of  the  current 
caiise<l  by  cutting  a  passage  through  the  causeway.  As  this  cuiTent 
was  found  to  be  setting  directly  across  a  point  of  shoals  below  the  draw, 
it  was  determined  to  abandon  the  old  channel  around  the  point  and 
make  a  new  and  dii'ect  one  across  the  shoal,  the  distance  across  this 
point  between  the  7-foot  contours  being  al>out  000  feet. 

Dredging  at  the  point  below  tlie  draw  was  commencexl  and  continued 
HDtil  a  channel  600  feet  in  length,  75  feet  in  width,  and  7  feet  in  depth 
at  ordinaiy  low- water  had  been  completed  across  the  i)oint.  The  dredge 
was  then  removed  to  the  Chester  Kiver  side  of  the  causeway  for  the  pur- 
pone  of  widening'  portions  of  the  channel,  particularly  at  the  abrupt  turn 
^m  the  narrows  into  Chester  River.  On  the  2Gth  of  September  opera- 
tiom  were  suspendGd,  the  appropriation  Imvitig  become  exhausted. 
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At  a  late  examination  of  the  new  cut  across  the  i)oint  below  the  cause- 
way, it  was  found  that  some  shoaling  had  taken  place,  and  that  not  over 
6  feet  could  be  carried  across  at  low-water.  This  shoaling  appears  to 
be  due  to  the  large  amount  of  scour  at  the  draw.  When  this  scouring 
ceases,  it  is  probable  that  the  cut  below  will  remain  permanently  open. 

The  passage  through  the  narrows  is  now  used  by  sailing-vessels,  but 
rarely  by  steamers.  It  is  believed  that  when  the  route  is  better  known 
its  use  by  steamers  will  be  adopted. 

The  original  estimate  for  this  work  was  $23,000.  Twenty-eight  thou- 
sand dollars  was  appropriated  in  all  up  to  June  30,  1878,  of  which 
amount  $3,000  remains  unexi)ended.  This  balance  will  be  sufficient  to 
nearly  carry  out  the  original  project,  which  will  have  cost  more  than  the 
original  estimate  by  reason  of  long  and  unavoidable  delays. 

July  1,  1877,  amount  available $4,033  23 

Amount  appropriated  by  act  approved  June  18,  1878 3,  000  00 

|7,  033  23 

July  1,  1878,  amount  expended  during  fiscal  year 4,028  40 

July  1,  1878,  amount  avaUable 3,  004  83 

(See  Appendix  F  1.) 

2.  Improvement  of  the  harbor  at  Baltimore^  Maryland. — ^The  object  of 
this  work  ha«  been  to  secure,  by  dredging,  a  channel  suflBcient  to  accom- 
modate vessels  drawing  22J  or  23  feet.  The  requisite  depth  for  this 
purpose  was  secured  in  1874,  but  the  desired  width  has  not  yet  been  ob- 
tained. The  appropriations  since  that  time  have  been  only  slightly  in 
excess  of  the  amount  required  for  annual  reparations,  but  the  excess  has 
been  constantly  applied  to  securing  additional  width. 

During  the  past  fiscal  year,  dre<lging  has  been  carried  on  at  the  lower 
end  of  the  Brewerton  Channel  to  restore  the  depth  of  channel  as  far  up 
as  opi>o8ite  North  Pojnt,  and  at  the  angle  form^  by  the  interseetion  of 
the  Brewerton  and  Craigliill  Channels  to  facilitate  the  passage  of  vessels 
from  one  channel  to  the  other. 

This  dredging  was  done  by  contract,  and  although  much  delayed,  owing 
to  the  insufficiency  of  the  contractors'  machinery,  was  CiiiTied  through 
to  completion  in  June,  thus  restoring  a  depth  in  the  Brewerton  Channel 
of  25  feet  at  mean  low- water  over  the  entire  width  of  channel,  from  its 
lower  end  to  a  point  opposite  North  Point,  and  taking  off  a  large  trian- 
gular piece  at  the  angle  formed  by  the  intersection  of  the  Breweiton  and 
Craighill  Channels,  which  area  was  also  dredged  to  a  depth  of  25  feet  at 
mean  low- water. 

On  the  completion  of  this  work  an  entirely  new  cut  was  commenced 
on  the  west  side  of  the  Brewerton  Channel,  and  carried  as  far  as  availa- 
ble funds  would  permit. 

The  total  amount  of  material  removed  during  the  year  under  the  con- 
tract was  300,145  cubic  yards. 

A  careful  examination  of  the  dredged  area  was  made  in  June  after  the 
close  of  the  dredging. 

Extensive  repairs  to  the  tug  Leslie  were  made  during  the  winter 
months.  A  new  boiler  was  put  in,  the  machinery  thoroughly  overhauled, 
a  new  pilot-house  built,  and  a  new  propeller  put  on. 

An  appropriation  of  $75,000  has  been  made  for  the  fiscal  year  ending 
June  30, 1879,  leaving  $110,000  yet  needed  to  complete  the  existing  pro- 
ject. To  this  sum  add  $50,000  for  estimated  amount  required  for  repara- 
tions, and  there  remains  as  the  amount  that  can  be  profitably  exi)ended 
in  the  fiscal  year  ending  Jime  30,  1880,  $160,000. 
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Jnly  1, 1877,  amonnt  available $55,528  96 

in^iint  appropriated  by  act  approved  June  18,  1878 75, 000  00 

1130. 528  06 

July  1,  1878,  amonnt  expended  daring  fiscal  year 54,118  46 

July  1,  1878,  amonnt  available 76,410  50 

Amonnt  (estimat-ed)  required  for  completion  of  existing  project 160, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     160, 000  00 

(See  Appendix  F  2.) 

Z,  Improvement  of  Wicomico  Riverjtiear  Salisbury,  Maryland. — The  orig- 
inal project  for  this  work  was,  as  stated  iii  the  last  annual  report,  so 
modified  on  aceount  of  limited  means  as  to  contemplate  the  dredging 
of  a  channel  only  50  feet  in  width  and  5  feet  in  depth  at  ordinary  low- 
water.  This  was  completed  in  January,  1876,  except  that  the  channel 
for  a  distance  of  300  feet  was  left  but  28  feet  wide. 

With  the  appropriation  of  $5,000  made  for  this  work  by  act  of  Au- 
gust 14,  1876,  the  channel  throughout  its  entire  length,  a  distance  of 
7,000  feet,  lias  been  widened  to  70  feet,  with  a  depth  of  5  feet  at  ordinary 
low- water,  and  the  turning-basin  near  the  town  excavated  to  the  same 
depth,  with  as  large  an  area  as  the  safety  of  the  wharves  on  either  side 
wcNild  permit. 

At  the  close  of  operations  a  careful  examination  of  the  entire  channel 
and  tuming-basin  was  made;  the  examination  showed  that  the  dredg- 
ing had  been  well  executed. 

The  longitudinal  dikes  below  the  town  became  somewhat  damaged 
during  the  past  year.  These  dikes  have  been  repaired  as  thoroughly 
m  the  limited  state  of  available  funds  would  permit. 

The  deposition  of  sawdust  from  the  mills  above  has  now  been  alto- 
gether abandoned,  thus  removing  the  principal  cause  of  the  rapid  iilling 
of  the  tuming-basin. 

The  appropriations  for  this  work  have  been  June  10.  1872;  March  3, 
187:};  June  23,  1874;  March  3,  1875;  August  14,  1876;  and  Jime  18, 
1878.    Total,  $30,000. 

Should  the  origiaal  plan  be  carried  out,  an  appropriation  of  $10,000 
will  still  }ye  requ&ed. 

Joljr  1,  1877,  amount  available |4,700  70 

AiDonnt  appropriated  by  act  approved  June  18,  1878 5, 000  00 

|9, 700  70 

July  1,  1878,  amonnt  expended  during  fiscal  year 4,665  70 

Juhrl,  1878,  amonnt  available 5,036  00 

Affloont  (e«itimAted)  reanired  for  completion  of  existinff  project 10,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880. .     10, 000  00 

(See  Appendix  F  3.) 

4.  Improvement  of  James  River,  Virginia, — The  oi)eration8  of  the  year 
liave  b^n  conducted  in  furtherance  of  the  existing  project  for  the  im- 
provement of  this  river,  and  have  consisted  principally  in  the  removal 
of  the  rock  by  blasting,  dredging,  and  the  construction  of  wing-dams. 

On  the  Ist  of  July,  1877,  the  amount  available  for  this  work  being 
Iwit  $17,000  (the  balance  of  the  appropriation  of  August  14, 1876),  the 
p«io(i  of  active  ojierations  extended  only  from  July  1  to  October  31. 
iHince  the  latter  date  no  work  (exclusive  of  surveys)  has  been  done  by 
the  Umted  States. 

During  the  above-mentioned  period  166  cubic  yards  of  rock  were  re- 
nioved  from  Beckett's  Reef;  10,920  cubic  yards  of  material  were  dredged 

5e 
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from  Eichmond  Bar  and  Randolph's  Flats,  and  3,350  linear  feet  of  wing- 
dams  were  constructed  between  Richmond  Bar  and  Warwick  Bar. 

The  city  of  Richmond  has  continued  to  co-operate  with  the  United 
States  in  improving  the  channel.  The  oijerations  of  the  city  have  been 
mostly  confined  to  dredging  at  Drury's  Island  Cut,  Richmond  Bar,  Ran- 
dolph's Flats,  and  Warwick  Bar. 

That  portion  of  the  machinery  used  for  blasting  and  removing  rock 
belongs  to  the  United  States.  The  remaining  i)ortion  of  the  machinery, 
used  for  dredging,  pile-dri\ing,  &c.,  belongs  to  the  city  of  Richmond, 
and  was  hired  by  the  United  States^  the  latter  paying  as  rental  the 
actual  cost  of  repairs  while  in  its  ser\nce. 

While  the  operations  of  the  year  have  been  but  limited,  the  results 
have,  on  the  whole,  been  satisfactory.  With  the  exception  of  two  short 
distances.  16  feet  can  now  be  found,  at  ordinary  high-water,  from  Rock- 
ett's  Reer  to  the  sea.  At  the  excepted  points  but  15  feet  are  to  be 
found;  but  it  is  believed  that  by  a  judicious  contraction  of  the  river  at 
these  points  the  desired  16  feet  may  be  obtained  and  maintained  without 
further  dredging. 

The  number  and  size  of  vessels  trading  to  this  port  are  ex)nstantly  in- 
creasing, and  a  greater  width  and  depth  of  channel  is  requisite  for  the 
wants  of  commerce. 

The  aim  of  this  improvement  is  to  secure  a  channel  180  feet  in  width 
and  18  feet  in  depth. 

There  wa«  left  of  estimate  to  be  provided  for  at  date  of  last  annual  report. .  |258,  024  ^0 
Appropriated  by  act  approved  June  18, 1878 70, 00  *  00 

Leaving  yet  to  be  provided  for 188, 024  00 

July  1,  1877,  amount  available |16,902  92 

Amount  appropriated  by  act  approved  June  18,  1878 70, 000  00 

86, 902  92 

July  1,  1878,  amount  expended  during  fiscal  year IG,  890  98 

July,  1,  1878,  amount  available 70,011  94 

Amount  (estimated)  required  for  completion  of  existing  project 188,  C>24  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     150,  000  00 

(See  Appendix  F4.) 

5.  Improving  Appomattox  River  j  below  Petersburg^  Virginia, — ^The  balance 
($15,000)  of  the  appropriation  of  August  14,  1876,  has  been  expended 
aunng  the  i)ast  year  between  the  city  of  Petersburg  and  the  upi)er  end 
of  Puddledock  Cut. 

This  i>ortion  of  the  river  has  necessarily  been  somewhat  neglected  of 
late  years,  the  greater  portions  of  the  appropriations  having  been  abso- 
lutely  reqiured  for  dredging  Puddledock  Cut,  and  the  construction  of 
deflectors  and  embankments  in  conneetion  with  it. 

The  work  of  the  year  has  consisted  principally  of  the  removal  by 
blasting  of  421  cubic  yards  of  rock  fi'om  the  channel,  at  the  bend  oppo- 
site Stein's  upper  cut ;  the  construction  of  812  linear  feet  of  longitudinal 
dikes,  extending  down  stream  on  the  south  shore  from  Lieutenant's  Eim; 
and  the  construction  of  tldrteen  wing-dams,  composed  partly  of  sheet- 
piling  and  partly  of  stakes  and  brush  wattling,  located  for  the  most 
part  at  the  long  straight  reach  occupied  by  Page's  Bar. 

These  jetties  contract  the  river  to  a  general  width  of  140  feet,  but  more 
contraction  will  be  needed  probably  when  the  remaining  jetties  come  to 
be  extended. 

An  appropriation  of  $30,000  was  made  by  the  act  of  June  18, 1878^ 


REPORT  OP  THE  CHIEF  OP  ENGINEERS.  67 

for  the  fiscal  year  ending  June  30,  1879;  $83,000  were  required  to  com- 
plete the  project  which  was  in  existence  on  June  30,  1875 ;  $53,000  yet 
remain  to  be  provided  for. 

July  1,  1877,  amonnt  available $15,571  09 

AnHxmt;  appropriated  by  act  approved  June  18, 1878 30,  000  00 

$45,571  09 

July  1,  1878,  amount  exi>ended  daring  fiscal  year 15,  565  90 

Jolyl,  1878,  amount  available 30,005  19 

AiiMnmt  (estimated)  required  for  completion  of  existing  project 53,  000  00 

Amoant  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .       30,  000  00 

(See  Appendix  F  5.) 

6.  Improvement  of  Great  Kanawha  River ^  West  Virginia. — The  sites  for 
a  new  lock  and  dam,  to  be  designated  as  No.  3  of  the  Kanawha  series, 
were  acquired  during  the  autumn  of  1877.  The  lock  is  to  be  located  on 
the  right  bank,  at  ^e  foot  of  Paint  Creek  Shoal.  Work  at  Lock  No.  3 
wa8  commenced  in  February  last,  and  is  being  carried  on  by  hired  labor 
and  the  purchase  of  material  in  oi>en  market. 

Work  at  Lock  No.  4,  near  Cabin  Creek  Shoal,  has  been  carried  on 
onder  contract.  Progress  has  been  slower  than  was  anticipated,  owing 
to  the  financial  difficndties  of  the  contractor. 

The  contractors  at  Dam  No.  4  have  failed  to  carry  out  their  contract 
for  the  construction  of  a  dam,  abutment,  pier,  and  floor  of  a  na^igation 
pass  adjoining  Lock  No.  4.  They  abandoned  their  work  in  December, 
1877,  and  the  contract  was  annulled  on  the  31st  of  January,  1878.  The 
work  at  this  locality  has  since  been  carried  on  by  hired  labor  and  pur- 
chase of  material  in  open  market.  A  contract  has  been  made  for  the 
iron-work  of  the  pass  and  wier  of  Dam  No.  4. 

Work  at  Lock  No.  5,  near  Brownstown,  has  been  carried  on  under  con- 
tract. The  work  has  been  delayed  somewhat  by  occasional  strikes  of 
the  laborers.  A  contract  has  been  made  for  the  construction  of  iron 
gates  for  Lock  No.  5. 

Work  at  Dam  No.  5  has  been  carried  on  under  contract  for  the  con- 
struction of  dam,  abutment,  pier,  and  floor  of  a  navigation  pass  adjoin- 
ing Lock  No.  5.  The  masonry  of  the  abutment  and  pier  has  all  been 
laid,  and  the  placing  and  embanking  of  coffer-dam  for  pass  is  in 
progress. 

T^e  iron- work  of  the  pass  and  weir  has  all  been  delivered  at  the  site. 

In  continiiation  of  the  plan  of  temporarily  impro\ing  iK)rtions  of  the 
river  not  affected  by  the  permanent  works,  a  small  sum  has  been  ex- 
pended in  removing  bowlders  from  that  i>ortion  of  the  river  between 
Knob  Shoal  and  Emory's  Dam,  a  distance  of  about  6  miles,  and  in 
repairing  a  break  in  "Two-mile  Dam,"  caused  by  a  freshet  in  November, 
1877. 

Smreys  have  been  made  below  Charleston,  with  a  view  to  establish- 
ing the  proper  locations  of  locks  at  the  lower  portion  of  the  river. 

The  state  of  the  river  has  been  much  more  favorable  for  successful 
operations  during  the  fiscal  year  just  ended  than  during  the  year  pre- 
vioos.  The  working  season  of  1877  was,  until  October,  unusually  favor- 
able. 

Ikamg  the  month  of  June  last  labor  troubles  seriously  interfered  with 
operations  at  all  the  works  upon  the  river.  These  troubles  were  caused 
br  strikes  among"  thei  contractors'  laborers. 

The  appropriations  have  been :  March  3, 1873,  $25,000 ;  June  23, 1874^ 
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$25,000  (expen^d  in  temporary  improvement) ;  March  3, 1875,  $300,000; 
August  14, 1876,  $270,000 ;  June  18, 1878,  $222,000. 

Jnly  1,  1877,  amount  available $447,584  64 

Amoant  appropriated  by  act  approved  June  18,  1878 222, 000  00 

1669,584  64 

Jnly  1,  1878,  anionnt  expended  dnring  fiscal  year 189, 700  77 

July  1,  1878,  outstanding  liabilities 19,803  43 

209,504  20 

July  1,  1878,  amount  available 460,080  44 

Amount  (estimated)  required  for  completion  of  existing  project 3, 600, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     500, 000  00 

(See  Appendix  F  6.) 

7.  Improvement  of  the  Cape  Fear  River ^  North  Carolina. — ^The  work  of 
the  year  has  consisted  principally  in  the  continued  deposit  of  stone  upon 
the  closing  work  at  the  New  Inlet. 

The  contract  for  the  delivery  of  45,000  cubic  yards  of  stone,  which 
was  being  executed  at  the  date  of  the  last  annual  report,  was  completed 
on  the  5th  of  January,  1878.  Forty-nine  thousand  one  hundred  and 
twenty-nine  cubic  yards  were  delivered  under  this  contract,  28,725  yards 
of  which  since  July  1,  1877. 

Another  contract  was  entered  into  November  24, 1877,  for  the  dehv- 
ery  of  about  12,000  cubic  yards  of  stone,  the  delivery  to  be  completed 
by  April  30,  1878.  On  the  6th  of  April  11,715  cubic  yards  had  been 
delivered,  when  the  contract  was  closed  and  work  suspended  on  ac- 
count of  the  near  exliaustion  of  available  funds. 

Total  amount  of  stone  deposited  ux>on  the  dike  during  the  past  fiscal 
year,  40,440  cubic  yards. 

The  stone  was  distributed  quite  uniformly  over  the  entire  length  of 
the  work  until  it  was  all  brought  up  gradually  to  low- water  mark. 

After  this  the  work  was  filled  to  high-water  in  the  shape  of  a  ridge^ 
to  distances  of  850  and  650  feet  from  Federal  and  Zeke's  Points  respect- 
ively.   The  fiill  required  width  has  not  yet  been  given  to  the  structure. 

Extensive  hydrographic  sur\^eys  have  been  made  during  the  year,  in- 
cluding New  Inlet  outside  the  closing  work,  Snow's  Marsh  Chaimel,  and 
both  the  eastern  and  western  channels  at  the  old  entrance  to  the  river. 
Simultaneous  tidal  observations  have  also  been  made  from  time  to  time 
at  various  point*  on  the  river. 

The  only  remarkable  change  which  has  taken  place  in  the  shore-lines 
near  New  Inlet  has  been  at  Zeke's  Point,  where  the  low- water  line  has 
advanced  fiiUy  300  feet  on  the  inlet  side. 

The  Snow's  Marsh  Chaimel  and  the  channel  at  the  "Logs"  have  re- 
mained in  about  the  same  condition  as  at  last  report. 

The  latter  channel  should  be  increased  to  250  feet  in  width ;  it  is  now 
but  130  feet  wide. 

The  "  rip  "  at  the  western  chaimel  at  old  entrance  to  river  has  improved 
in  depth  during  the  year.  The  Bald  Head  Chaimel  has  shoaled  some- 
what, though  the  distance  across  the  bar  has  been  steadily  diminishing. 
The  suction-dredge,  formerly  in  use  at  this  bar,  has  remained  laid  up  for 
want  of  funds.  It  is  in  need  of  extensive  repairs.  This  or  some  suitable 
dredge  should  be  put  at  work  upon  this  bar  at  as  early  a  day  as  jjossible. 

An  appropriation  of  $160,000  for  this  work  was  made  by  act  approved 
June  18, 1878,  which  fills  the  estimate  of  June  30,  1876,  for  the  com- 
pletion of  existing  project.  The  unexi)ected  settling  of  the  closing  work 
at  the  inlet  will  require  the  deposition  of  nearly  50,000  cubic  yards  of 
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stone  more  than  was  at  first  anticipated,  which  will  increase  the  esti- 
mate of  1876  by  about  $100,000. 

Jaly  1,  1877,  amount  available $91,788  60 

imoimt  api^opriated  by  act  approved  June  18,  1878 160,  000  00 

1251, 788  60 

July  1,  1878y  amoont  expended  during  fiscal  year 91,230  26 

Julyl,  1878,  amount  available 160,558  24 

Amoant  (estimated)  rei^uired  for  completion  of  existing  project 100,  000  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      50,  000  00 

(See  Appendix  F  7.) 

8.  Improvement  of  New  Eiver^  from  Lead  Mines  in  Wythe  County^  Vir- 
ginia^ to  mouth  of  Greenbrier  River^  West  Virginia. — The  plan  adopted 
for  the  improvment  of  this  river  contemplates  a  channel-way  30  feet 
wide  and  2  fe^t  de^p  below  the  lowest  water,  suited  for  the  keel-boats 
now  in  use,  but  at  the  same  time  capable  of  atilizatiou  and  adaptation,  at 
same  future  day,  in  a  further  improvement  of  the  navigation  for  light 
steamboats,  should  means  be  provided  therefor. 

The  season's  work  was  commenced  at  the  bridge  of  the  Atlantic,  Mis- 
tdBidppi,  and  Ohio  Railroad,  and  carried  continuously  upstream  toward 
the  lead  mines,  9  miles,  as  far  as  Falls  Branch  Falls,  resulting  in  the 
removal  of  all  obstructions  in  that  portion  of  the  river  to  the  adopted 
depth  and  width.  The  work  was  done  by  hired  labor,  and  the  purchase 
of  material  in  open  market 

The  ledges  and  detached  bowlders  were  blasted  out  under  water,  and 
the  debris  scoured  out  of  the  channel  and  built  into  the  facings  and  heads 
of  the  wing-dams  and  training- walls ;  the  gravel  shoals  were  excavated 
through,  and  materials  made  into  the  heartings  of  these  constructions. 
Bv  these  means  sluices  and  chutes,  affording  an  unobstructed  water-way, 
were  made,  without  increasing  insurmountably  the  velocity  and  volume 
of  the  water  in  them.  The  plan  adopted  has  proved  its  capability  to 
accomplish  its  design.  It  is,  therefore,  proposed,  during  the  ensuing 
Tear,  to  continue  it,  with  slight  modifications,  working  still  up  the  river, 
W  on  an  enlarged  scale,  so  as  to  oi)en  up  fully  another  10  miles  of  river. 

Jolj  1, 1677,  amount  arailable |14,921  75 

iBMHint  appropriated  bv  act  approved  June  Id,  1878 15,  000  00 

$29, 921  75 

July  1, 1878,  amount  expended  during  fiscal  year 6,492  26 

July  1,1878,  amount  available 23,429  49 

Amount  (eatimated)  required  for  completion  of  existing  project 70,  000  00 

.Uncnint  that  can  be  profitably  expended  in  fiscal  year  ending  June  ^iO,  1880 .      35, 000  00 

(See  Appendix  F  8.) 

EXAMINATIONS  AND  SUEVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Major  Craighill  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  received : 

L  The  peninsula  of  Maryland  and  Delaioare^  with  a  view  to  a  construc- 
tion of  a  ship-canal  to  connect  the  waters  of  the  Delaware  and  Chesapeake 
Bays. 

2.  The  bars  at  the  entrance  of  Annapolis  Harbor ^  Maryland^  with  a  vietc 
to  accommodation  of  deep-draught  vessels  at  low  tide. 

3.  West  branch  of  Fatapgco  Jdiver,  Mari/l<indy  from  Light-street  br\d.^t 
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to  head  of  tide-watery  and  an  estimate  of  the  cost  of  making  the  same  navi- 
gable for  canal-boats. 

4.  Neic  River  J  from  the  lead  mines  in  Wythe  County  to  the  mouth  of  Wil- 
son,  in  Grayson  County^  Virginia. 

IMPROVEMENT  OP  THE  HABBOBS  OP  WASHINGTON  AND  GEOBGETO\ITJ, 
DISTBICT  OF  COLUMBIA ;  OF  TBIBUTABIES  OF  THE  LOWEB  POTOMAC ; 
OF  RAPPAHANNOCK,  ELIZABETH,  AND  NANSEMOND  BIVERS,  VIRGINIA; 
AND  OF  RIVERS  IN  NORTH  CAROLINA — ^IMPROVEMENT  OF  NORFOLK 
HABBOB. 

Engineer  in  cliarge,  S.  T.  Abert,  United  States  Civil  Engineer. 

1.  Harbors  of  Washington  and  Oeorgetownj  District  of  Columbia. — 
Operations  remained  suspended  during  the  greater  part  of  the  fiscal 
year  for  want  of  funds.  The  channel  excavated  in  1874-'75  through  the 
bar  between  Easby's  Point  and  the  Long  Bridge  has,  as  has  been  antici- 
pated, gradually  tilled,  owing  to  the  deposit  of  sand  brought  dowai  by 
freshets.  In  November,  1877,  an  unusually  large  freshet  occurred,  which 
seriously  injured  the  navigation  by  large  dei>osits  of  sand  on  the  bar. 
A  temporary  channel  was  dredged  by  the  coal-shippers  and  merchants 
of  Georgetown  in  the  spring  of  1878  for  the  immediate  relief  of  ship- 
ping, and  the  small  balance  remaining  from  the  last  appropriation  for 
this  work  was  applied  to  increasing  the  width  of  the  channel  so  exca- 
vated, it  being  insufficient  to  do  the  whole  work. 

An  appropriation  of  $50,000  was  made  by  the  aet  approved  June  18, 
1878,  for  the  continuation  of  the  improvement,  $20,000  to  be  applied  to 
the  Washington  Harbor  and  Channel  and  $30,000  to  be  applied  to  the 
Georgetown  Channel.  A  channel  200  feet  widfe  and  12  feet  deep  will  be 
dredged  along  the  Washington  wharf-front,  and  one  16  feet  deep  and 
200  feet  wide  through  the  bar  in  the  Georgetown  Channel  above  the 
Long  Bridge. 

The  subject  of  a  permanent  improvement  was  referred  by  Congress  to 
a  board  of  sui*vey  appointed  March  5,  1872,  and  whose  report  was 
printed  during  the  third  session  of  the  Forty-second  Congress  (Mis.  Doc. 
No.  15).  Tlie  plan  of  the  board  provided  for  a  wide  and  deep  channel 
along  the  Virginia  channel  of  the  river,  the  material  excavated  there- 
from to  be  deposited  on  the  flats,  the  construction  of  bulkheads  along 
the  new  front,  and  the  correction  of  the  curvature  of  the  river.  The 
engineer  in  charge  now  submits  a  modified  plan  and  estimate  (see 
Appendix  G  1  of  this  report),  which  embraces  the  most  important  fea- 
tures of  the  original  design.  He  proposes  to  dredge  channels  15  and  20 
feet  deep  ^as  shown  on  the  maps  accompanying  his  rei>ort)  on  lines  vary- 
ing but  slightly  from  those  of  the  board,  and  to  place  the  dredged  mate- 
rial on  the  flats. 

The  estimated  cost  of  the  work  he  proposes  is  $2,592,000;  and  he  sug- 
gests that  $200,000  be  appropriated  each  year,  in  order  to  insure  a  low 
contract-price  and  substantial  progress  in  its  completion. 

An  examination  of  the  rocks  near  the  outlet-lock  of  the  Chesapeake 
and  Ohio  Canal,  above  Georgetown,  was  made  in  March,  1878,  in  com- 
pliance with  a  resolution  of  the  House  of  Representatives.  They  are  in 
one  group,  a  part  of  which  stands  above  low-water.  The  cost  of 
removal  to  9  feet  depth  at  low- water  will  be  $44,000. 

July  1,1877,  amount  available ^,856  62 

Amount  appropriate  by  act  approved  June  18,  1878 50, 000  00 

$52, 856  62 

July  1, 1878,  amount  exi)ended  during  fiscal  year 2, 778  40 

July  1,1878,  amount  available 50,  078  22 
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Amonnt  (estimated)  required  for  completion  of  the  project  sabmitted 
above 1^,592,000  00 

Amoant  tiiat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
im) 244,000  00 

(See  Appendix  G  1.) 

2.  Improvement  of  Accotink  Creek^  Virginia. — ^This  work,  which  was 
commenced  in  1872,  has  since  remained  suspended,  no  appropriation  for 
its  completion  having  been  made.  The  amount  required  to  complete  the 
chaonel  between  the  town  of  Accotink  and  the  bay  is,  according  to  the 
original  estimate,  $14,000. 

(See  Appendix  G  2.) 

3.  Improvement  of  Occoquan  RiveVy  Virginia, — The  appropriation  made 
by  the  act  ai>proved  June  18,  1878,  for  the  completion  of  this  improve- 
ment, will  be  expended  in  dredging  a  channel  through  the  bar  at  the 
mouth  of  the  river  where  it  enters  Occoquan  Bay,  and  should  the  funds 
permit,  in  dredging  at  other  points  where  the  channel  has  deteriorated. 
The  depth  of  channel  proposed  is  5  feet,  which  is  the  ruling  depth  in  the 
bay.    Xo  work  was  done  during  the  last  fiscal  year  for  want  of  funds. 

July  1,  1877,  amonnt  available. $202  01 

Amount  appropriat-ed  by  act  approved  June  18,  1878 10, 000  00 

$10, 202  01 

JqIt  1,  1878,  amoant  expended  during  fiscal  year 202  01 

July  1,  11^8,  amoant  available 10,000  00 

(See  Ai)pendix  G  3.) 

4.  Improvement  of  Aquia  Creek^  Virginia. — This  work  will  be  com- 
pleted with  the  appropriation  of  $5,000  made  June  18.  1878.  But  as 
this  is  only  one-thini  of  the  estimate,  the  dimensions  of  the  channel  will 
be  corre8i>ondingly  reduced.  A  channel  5  feet  deep  at  low- water  will  be 
dredged  al>ove  and  below  the  railroad  bridge,  where  the  depth  is  insuf- 
ficient, and  the  material  dei)osited  on  the  sides  of  the  cut. 

Amount  approjiriated  by  act  approved  June  18,  1878 $5, 000  00 

July  1,  1878,  amount  available 5,000  00 

(See  Api)endix  G  4.) 

5.  Improvement  of  yomoni  Creek^  Virginia. — ^A  material  increase  of 
trade  and  additional  facilities  for  transportation  have  residted  from  the 
iinpn>vement  effected  at  the  mouth  of  this  creek.  The  work  has,  how- 
ever, remained  suspended  during  the  year,  owing  to  the  lack  of  funds. 

The  action  of  winds  and  currents,  together  with  constant  passage  of 
steamers  through  the  cut,  has  caused  the  material  to  wash  from  the 
slopes,  and  it  is  important  that  the  channel  should  be  widened  and 
deepened  at  several  i)oints  in  order  that  the  work  may  be  satisfactorily 
completed.  For  this  puri>ose  an  appropriation  of  $10,000  is  recommended 
by  the  engineer  in  charge. 

AnKHint  (eartimated)  required  for  completion  of  existing  project $10,  000  00 

AiDount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880 .     10,  000  00 

(See  Appendix  G  5.) 

6.  Improvement  of  Rappahannock  River ^  Virginia. — ^At  the  date  of  the 
last  annual  report  dredging  was  in  progress  at  Fredericksburg,  under 
the  appropriation  of  $10,000  made  August  14,  1876.  This  work  was 
continued  until  July  26,  1877,  when  the  available  funds  were  exhausted. 

liie  act  of  June  18, 1878,  appropriates  $13,500  for  the  continuation  of 
the  improvement.  This  sum  will  be  expended  in  the  construction  of 
dikes  along  the  river  near  Fredericksburg,  for  the  purpose  of  contract- 
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ing  the  width  and  providing  a  place  of  deposit  for  the  sand  which  it  iB 
proposed  to  dredge  from  the  channel. 

It  is  probable  that  the  work  already  executed  at  Fredericksburg  Bar, 
together  with  that  proposed  during  the  present  season,  will  insure  per- 
manent results  at  this  point.  The  engineer  in  charge,  therefore,  recom- 
mends that  the  improvement  of  the  river  between  Fredericksburg  and 
Tappahannock  be  resumed  in  accordance  with  the  original  plan. 

The  estimated  cost  of  a  channel  KK)  feet  wide  and  10  feet  deep  at  low 
water,  through  the  bars  and  shoals  between  those  points,  is  $50,000,  of 
which  $30,000  could  be  profitably  exx)ended  the  next  fiscal  year. 

Jnlv  1,  1877,  amoant  available  (not  inclading  |631.G2  due  on 
contracts) $2,287  39 

Amoant  appropriate*!  by  act  approved  June  18, 1878 13,  500  00 

$15, 787  39 

July  1,  1878,  amount  expended  daring  flBcal  year  (not  inclading  $631.62 
dne  on  contracts) 1 2,287  39 

July  1,  1878,  amount  available 13,  COO  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  ex]>ended  in  fiscal  year  ending  June  30, 1880 .       30, 000  00 

(See  Appendix  G  6.) 

7.  Improrement  of  Leonardtotcn  Harbor,  Maryland, — ^A  survey  of  this 
harbor  was  made  in  1874,  and  a  report,  with  estimates  of  cost  of  im- 
provement, will  be  found  in  the  Eeiwrt  of  the  Chief  of  Engineers  for 
1875,  part  2,  page  108.  The  improvement  proposed  is  the  excavation  of 
a  channel,  150  feet  wide  and  9  feet  deep,  from  the  9-foot  curve  in  Breton 
Bay  to  the  wharf  at  Leonardtown.  The  sum  of  $5,000,  appropriated 
June  18,  1878,  will  be  applied  to  the  commencement  of  the  work  during 
the  present  season.  For  its  completion  $25,000  wiU  be  neede<l,  and  the 
engineer  in  charge  recommends  an  appropriation  of  $15,000  for  the  next 
fiscal  year. 

Amount  appropriated  by  act  approved  June  18,  1878 $5,  000  00 

July  1,  1878,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  15,  000  00 

(See  Appendix  G  7.) 

8.  Improremefit  of  Hampton  Birer,  Virginia, — ^The  obstruction  to  the 
navigation  of  Hampton  River  is  a  bar  at  its  mouth.  A  survey  of  this 
bar  was  made  in  1874,  and  a  rei)ort,  with  estimates  of  the  cost,  will  be 
found  in  the  Rei)ort«of  the  Chief  of  Engineers  for  1875,  part  2,  page  152. 

The  act  of  June  18,  1878,  appropriated  $10,000  for  this  work,  wliich 
will  be  exi)ended  in  dredging  a  channel  8  to  9  feet  deep  and  of  such 
width  as  the  funds  allow  through  the  bar. 

The  sum  of  $6,000  wiU  be  required  for  the  completion  of  the  work 
according  to  the  original  estimate. 

Amount  appropriated  by  act  approved  June  18,  1878 $10,000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endiug  June  30, 1880.      6, 000  00 

(See  Appendix  G  8.) 

9.  Improrement  of  Elizabeth  River,  Virginia, — ^During  the  past  year  a 
cut-oflf  has  been  dredged  near  tlie  lock  of  the  Albemarle  and  Chesapeake 
Canal  in  order  to  coimteract  the  effect  of  tidal  currents  at  a  sharp  bend 
in  the  river  at  that  point.  The  work  has  been  attended  with  successftil 
results,  greatly  increasing  the  safety  of  navigation.    The  ''  Gap,"  a  short 
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distance  below,  has  also  been  widened  so  as  to  facilitate  the  passage  of 
steamers  and  long  tows.  » 

An  appropriation  of  $5,000  was  made  June  18, 1878,  for  this  work, 
which  was  required  to  complete  the  deepening  of  the  approaches  to  the 
**Gap^  and  to  remove  small  bars  which  cause  some  obstruction  below 
this  point.  ' 

July  1,  18r7,  amount  available $4,989  89 

Amoont  appropriated  by  act  approyed  June  18,  1878 5, 000  00 

$9,989  89 

July  1,  1878,  amount  expended  during  fiscal  year 4,721  94 

July  1,  1878,  amount  available 5,267  95 

(See  Appendix  G  9.) 

10.  Improvement  of  Norfolk  Harbor^  Virginia. — This  improvement  was 
commence  in  October,  1877,  under  the  appropriation  of  $35,000  made 
by  the  river  and  harbor  act  of  August  14, 1876.  A  channel  from  20 
to  22  feet  deep  at  low  water  with  an  average  width  of  530  feet  has  been 
drwlged  through  the  bar  at  the  mouth  of  the  eastern  branch  of  Eliza- 
beth River  in  the  immediate  harbor.  The  material  found  was  a  very 
soft  blue  mud,  which  was  deposited  on  Craney  Island  Flats,  6J  miles  from 
Norfolk. 

Dredging  was  suspended  in  April,  1878,  and  some  additional  dredging 
along  the  Berkeley  Flats  will  be  required  to  complete  this  channel. 

The  United  States  Ad\isory  Board  to  the  Harbor  Commissioners  of 
Norfolk  submitted  in  May,  1878,  a  plan  for  the  general  iaiprovement  of 
the  harbor  and  approaches  so  as  to  secure  25  feet  of  water  from  Hamp- 
ton Boads  to  the  navy-yanL 

An  estimate  of  the  cost  of  this  work,  the  total  amount  of  which  is 
1317,955,  was  prepared  by  the  engineer  in  charge,  and,  together  with 
the  report  of  the  United  States  advisory  board,  will  be  found  in  detail 
in  the  ap])endix  to  this  report. 

July  1, 1877,  amount  available $34,710  85 

Amoont  appropriated  by  act  approved  June  18,  1878 50,000  00 

$84,710  85 

JqIt  1, 1878,  amount  expended  during  fiscal  year 31,405  07 

Jilyl,  1878,  amount  avaUable 53,305  78 

Amoimt  (estimated)  required  for  completion  of  existing  project 293, 000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  100, 000  00 

(See  Appendix  G 10.) 

11.  Imprarem^nt  of  Chickahominy  River j  Virginia.— The  improvement 
of  the  navi^tion  of  this  river  was  provide<l  for  by  an  appropriation  of 
$0,000  in  the  river  and  harbor  act  of  June  18,  1878,  which  it  is  pro- 
posed to  expend  in  dredging  channels  through  Binn's  Bar  and  Windsor 
Shades  Bar,  which  are  the  principal  obstructions,  and  which  are  near 
the  head  of  navigation. 

An  examination  of  this  river  was  made  in  accordance  with  the  act  of 
June  23,  1874,  the  report  of  which  will  be  found  in  the  Report  of  the 
Chief  of  Engineers  for  1875,  part  2,  page  170. 

Amoont  appropriated  by  act  approved  Jane  18, 1878 $5,000  00 

JoJt  1, 1878,  amount  arailable 5,(M)0  00 

Amoont  (estiiiiat-ed)  required  for  completion  of  existing  project 5, 000  00 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  5, 000  00 

(See  Appendix  G 11.) 

12.  Improvement  of  Blachwater  River ^  Virginia. — ^A  survey  of  this 
^^er  W2yb  made  in  1374,  and  a  report  ui)on  the  same  with  an  estimate  of 
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the  cost  of  improvement  will  be  found  in  the  Beport  of  the  Chief  of 
Engineers  for  1875,  part  2,  page  161.  The  sum  of  ^5,000  was  appro- 
priated for  the  improvement  by  the  river  and  harbor  act  of  June  18, 
1878.  The  work  proposed  during  the  present  season  is  the  removal  of 
snags,  logs,  and  similar  obstructions  to  navigation. 
For  the  completion  of  the  improvement  $10,000  will  be  required. 

Amount  appropriatetl  by  act  approved  June  18,  1878 $5,  000  00 

July  1,  1878,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 10,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  10,  000  00 

(See  Appendix  G  12.) 

13.  Tmpravenient  of  French  Broad  River ^  North  Carolina, — The  survey 
of  this  river  was  completed  in  September,  1877,  and  estimates  of  the 
cost  of  different  methods  of  improvement  will  be  found  detailed  in 
Appendix  G  13  of  this  report.  The  least  expensive  of  the  plans  pro- 
posed is  that  of  securing  2J  feet  of  water  by  means  of  wing-dams  and 
the  excavation  of  gravel  and  rock  at  the  shoals,  the  estimated  cost  being 
$45,500. 

The  removal  of  snags  was  commenced  in  October,  1877,  and,  after 
suspension  of  work  during  the  winter  months,  was  again  resumed  in 
the  spring,  and  is  now  nearly  completed.  Some  rock  for  wing-dams  has 
also  been  quarried. 

The  appropriation  of  $15,000  of  June  18, 1878,  for  the  continuation  of 
the  improvement  will  be  expended  in  building  wing-dams  and  in  the 
removal  of  rock  and  gravel  bars  which  obstruct  the  channel.  For  the 
completion  of  the  work  $30,000  will  be  required,  of  which  the  engineer 
in  charge  recommends  that  $20,000  be  appropriated  for  the  fiscal  year 
ending  June  30,  1880. 

July  1,  1877,  amount  available  $10,000  00 

Amount  appropriated  by  act  approved  June  18,  1878 15,  000  00 

$25,  000  00 

July  1,  1878,  amount  expended  during  fiscal  year 7, 162  08 

July  1,  1878,  amount  available 17,  837  92 

Amount  (estimated)  required  for  completion  of  existing  project 30,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      20,  000  00 

(See  Appendix  G  13.) 

14.  Improvefnent  of  Perquimans  Rivera  North  Carolina. — The  work  of 
removing  the  stumps  which  obstructed  the  navigation  of  the  river  near  the 
town  of  Hertford  was  continued  until  October,  1877.  A  channel  200  feet 
wide  and  8J  feet  deep  was  secured,  so  that  steamers  now  pass  through 
the  river  without  detention.  The  stumps  were  of  cjT)ress,  firmly  im- 
bedded, with  large  and  extended  roots.  The  diameter  varied  from  1  to 
7  feet,  with  an  average  depth  of  water  over  them  of  6  feet.  They  were 
first  blasted  with  giant-powder,  and  the  pieces  afterward  removed  by 
snag-hooks  and  derrick,  with  the  aid  of  a  diver. 

July  1,  1877,  amount  available f2, 154  14 

July  1,  1878,  amount  expended  during  fiscal  year 1,  566  90 

July  1,  1878,  amount  available 587  24 

(See  Appendix  G  14.) 

15.  LnprotJement  of  Roanoke  River  ^  North  Carolina, — ^Work  has  remained 
suspended  for  want  of  funds,  no  appropriation  having  been  made  since 
June  23,  1874. 
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The  estimated  cost  of  removing  snags  from  the  river,  and  repairing 
the  dike  at  Indian  Highland  Bar,  is  $5,000. 

July  1,  1877,  amonnt  available $181  98 

July  1,  1878,  amount  expended  during  fiscal  year 181  98 

Amount  (estimated)  required  for  completion  of  existing  project 222,  000  00 

Amount  that  can  be  prt>ntably  expended  in  fiscal  year  enaing  June  30, 1880 .  5,  000  00 

(See  Appendix  G  15.) 

16.  Improvement  of  Pamplico  River ^  North  Carolina. — The  pile  obstruc- 
tions near  Hill's  Point,  6  miles  below  Washington,  have  been  removed 
and  a  channel  175  feet  wide  and  9  feet  deep  at  low- water  has  also  been 
dredged  over  the  bar  near  the  town. 

A  survey  of  a  shoal  portion  of  the  river,  about  1  mile  below,  showed 
that  the  deepening  of  the  channel  at  this  point  would  be  of  advantage 
to  navigation,  but  on  commencing  the  work  it  was  found  that  under  the 
layer  of  material  of  which  the  bed  of  the  river  appeared  to  be  composed 
there  were  large  numbers  of  stumps,  which  were  only  removed  with  great 
difficulty  and  by  the  aid  of  giant-powder.  A  70-feet  channel  was,  how- 
ever, completed  through  these  stumps  in  June. 

For  widening  this  channel  the  balance  of  the  original  estimate, 
$10,000,  will  be  required. 

July  1,  1877,  amount  available $14,636  04 

July  1,  1878,  amount  expended  during  fiscal  year 12, 565  47 

July  1,  1878,  amount  ayailable 2, 070  57 

Amount  (estimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  t-nat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     10, 000  00 

(See  Appendix  G  16.) 

17.  Improvement  of  Nanseniond  Biverj  Virginia. — The  channel  through 
Snffolk  Bar  has  been  widened  from  60  to  80  feet,  with  a  depth  of  8  feet 
at  low- water.  A  channel  80  feet  wide  and  8  feet  deep  was  also  dredged 
tluough  Shingle  Creek  Bar,  a  short  distance  below,  which  somewhat  ob- 
strneted  navigation  at  low- water.  The  dike  at  Western  Branch  Bar  has 
been  partially  repaired  and  the  channel  at  this  point  remains  in  good  con- 
dition. 

The  sum  of  $2,000  was  appropriated  for  the  completion  of  this  work 
by  the  act  of  June  18, 1878,  and  no  further  expenditure  will  be  required. 

Jily  1.  1877,  amount  available $4,740  52 

AiiK>ant  appropriated  by  act  approved  June  18,  1878 2,000  00 

$6, 740  52 

July  1,  1878,  amount  exx>ended  during  fiscal  year 4,639  79 

July  1,  1878,  amount  available 2,100  73 

(See  Appendix  G  17.) 

EXA3«NATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Mr.  Abert  has  been  charged  with  and  is  now  engaged  upon  ex- 
aminations and  surveys  at  the  following  localities,  the  results  of  which 
wiU  be  duly  submitted  when  received: 

1.  The  Yadkin,  North  Carolina^  between  the  bridge  on  the  North  Carolina 
Railroad  and  Wilkesborough. 

2.  Dan  River,  Virginia^  from  ClarksviUe^  via  Danville^  Virgini<i,  to 
danbury,  North  Carolina. 

3.  Htaunton  River,  from  Roanoke  Depot,  in  Charlotte  County^  Firjfinia, 
toBrooknealy  in  the  oonnty  of  Campbell,  Virginia. 
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SURVEY  FOR  AN  INTERIOR    WATER    COMMUNICATION    BETWEEN  NOR- 
FOLK, VIRGINIA,  AND  THE  ATLANTIC  SOUTH  OF  HATTERAS. 

In  the  second  section  of  the  river  and  harbor  act  of  June  18,  1878, 
there  is  made  an  appropriation  of  $20,000  "for  the  purpose  of  having  a 
complete  survey  and  examination  of  all  the  water  lines  and  routes  lead- 
ing from  the  harbor  of  Norfolk  to  the  Atlantic  Ocean  south  of  Hatteras, 
including  any  communication  that  may  be  practicable  with  the  Cape 
Fear  River."  This  survey  has  been  assigned  to  Capt.  C.  B.  Phillips, 
Corps  of  Engineers,  and  is  in  progress. 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Captain  Phillips  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  received: 

1.  North  Landing  River^  Virginia. 

2.  Onancock  Harbor ^  Virginia. 

3.  The  Nottoway  Biver,  Virginia. 

4.  Feedee  River ^  from  VheraWj  South  Carolina^  to  the  mouth  of  Uicharie 
River.  North  Carolina. 

5.  The  Trent  River ^  North  Carolina. 

6.  Neuse  River ^  from  Smiihfield  to  Gold^horough^  North  Carolina. 

7.  Chowan  River^  North  Carolina. 

8.  The  Tar  River j  North  CarolinUyfrom  Washington  to  Tarborough. 

IMPROVEMENT  OF  THE  RIVERS  AND  HARBORS  ON  THE  COAST  OF  SOUTH 
CAROLINA,  OBOROIA,  AND  THE  ATLANTIC  COAST  OF  FLORIDA. 

Officer  in  charge,  Lieut.  Col.  Q.  A.  Gillmore.Corp8  of  Engineers,  having 
under  his  immediate  orders  Capt.  James  C.  Post,  Corps  of  Engineei-s. 

1.  Improvement  of  the  harbor  of  Charleston^  South  Carolina. — ^Very  little 
work  was  carried  on  at  this  harbor  during  the  fiscal  year.  The  outer 
end  of  Bowman  Jetty,  for  an  additional  length  of  30  feet,  was  lowered 
to  a  level  of  2  feet  above  mean  low-water  by  the  removal  of  200  cubic 
yards  of  stone.  The  stone  was  thrown  into  the  work  on  either  side. 
Some  little  dredging  was  done  in  Beach  Channel  by  the  United  States 
dredging-steamer  Henry  Bender,  but  it  was  soon  suspended  on  account 
of  the  great  expense  attending  it.  A  surv^ey  of  the  channel  was  made, 
which  showed  that  the  shortening  of  the  jetty  had  not  been  attended 
with  any  widening  of  the  channel  at  that  point,  but  that  the  western 
end  of  Drunken  Dick  Shoal  moved  toward  Sullivan's  Island  as  the  jetty 
was  shortenetl.  The  channel  has  been  straightened  as  a  direct  result  of 
the  work,  and  was.  on  the  whole,  rather  better  than  ever  before.  It  had 
not  been  deepenea,  but,  on  the  contrary,  was  somewhat  shoaler  than  it 
was  four  or  five  years  ago. 

Several  borings  made  upon  and  in  the  vicinity  of  the  northern  end  of 
the  Charleston  Bar,  with  the  object  of  ascertaining  the  fitness  of  the 
material  composing  the  bar  for  supporting  permanent  works  of  improve- 
ment, indicated  that  works  of  moderate  weight  could  safely  be  built  upon 
it.  On  the  9th  of  March,  1878,  a  project  was  submitted  by  Lieutenant- 
Colonel  Gillmore  for  the  permanent  improvement  of  the  channel  of  en- 
trance into  Charleston  Harbor,  by  means  of  low  jetties,  one  springing 
from  Morris  and  the  other  from  SiUlivan's  Island,  and  occupying  curved 
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lines  so  located  that  their  sea  ends,  on  the  bar,  would  be  nearly  paral- 
lel to  each  other,  one-half  to  five-eighths  of  a  mile  apart. 

The  works  are  designed  to  be  of  riprap  stone  resting  on  a  mattress  of 
^seines. 

For  jetties  with  a  half  a  mile  gap  between  them  the  estimated  cost  was 
placed  at  $1,800,000.  In  the  annual  rei)ort  of  the  engineer  in  charge  it 
is  stated  that  some  reduction  can  be  made  in  the  estimates. 

During  the  present  fiscal  year  it  is  the  intention  to  begin  the  construc- 
tioD  of  these  jetties,  the  sum  of  $200,000  having  been  appropriated  for 
that  purpose  by  act  of  June  18,  1878. 

Most  of  this  sum  will  be  expended  in  constructing  and  laying  an  apron, 
composed  of  fascine  mattresses,  or  of  a  combination  of  timber,  brush, 
and  fascines,  to  serve  as  the  foundation  of  the  shore  end  of  the  North 
jetty.  It  will  be  laid  of  the  full  width,  and  will  be  loaded  with  a  layer 
of  stone  about  2^  feet  in  depth  to  keep  it  secure. 

July  1,  1877,  amount  available f7, 368  71 

ijnoant  appropriated  by  act  approved  June  18,  1878 200,  000  00 

1207,  368  71 

July  1,  1878,  amount  expended  during  fiscal  year   6,  392  36 

July  1,  1878,  outstanding  liabilities 1,000  00 

7, 392  36 

Jnly  1,  1878,  amount  available 199,976  35 

Amount  (estimated)  required  for  completion  of  existing?  project 1,600, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J une  30, 1880 .      500,  000  00 

{See  Api)endix  H  1.) 

2.  Improvement  of  Savannah  River  and  Harbor^  Georgia. — During  the 
fiscal  year  just  closed  work  was  restricted  mainly  to  dfredging  in  these 
localitie.s,  viz:  (1)  on  the  shoal  northeast  of  Fort  Pulaski;  (2)  on  the 
^ool  southwest  of  Oyster  Bed  light  near  Fort  Pulaski,  and  (3)  in  the 
new  channel  at "  The  Wrecks."  The  work  of  carefully  gauging  the  stream 
at  several  points,  with  a  view  to  project  for  future  work,  was  begun. 

During  the  present  fiscal  year  the  gauging  of  the  river  will  be  finished, 
prabably  in  July,  and  the  submerged  dam  at  the  Gross  Tides,  consisting 
of  a  superstructure  of  riprap  stone  resting  upon  a  mattress  of  fascines, 
or  upon  a  foundation  of  timber  and  brush,  or  timber,  brush,  and  fascines, 
win  be  constructed.  When  this  has  been  carried  up  to  the  height  deemed 
requisite,  and  the  effects  of  the  increased  ebb  flow  in  front  river  have 
b^  observed  and  studied,  a  project  for  subsequent  work  will  be  deter- 
mined. 

Jaljl,  1877,  amount  available.. $37,137  32 

Anonnt  appropriated  by  act  approved  June  18,  1878 70,  000  00 

$107, 137  32 

JuIt  1,  1^8,  amonnt  exi>ended  during  fiscal  year 36,  453  83 

JulVl,  1878,  outetanding  liabiliUes 242  19 

•  '  36, 696  02 

July  1,  1878,  amoont  avMlable 70,441  30 

Afflonnt  (estimated)  r©miired  for  completion  of  exiHting  project 229.  320  00 

.liDoant  that  can  be  pront^ibly  expended  in  fiscal  year  ending  June  30, 1880.     150, 000  00 

(See  Appendix  H  2.) 

3.  Improvement  of  Saint  Augustine  Creek  f  Thunderbolt  Eiverjj  Georgia, — 
ThiR  river  constitutes  part  of  the  inside  passage  between  the  Savannah 
Biver  and  Warsaw  Sound,  and  is  used  by  small  freight  and  passenger 
steamers  plvin/j  between  Savannah  and  Brunswick,  Darien,  Fernandina^ 
and  the  Saint  John's  Biver. 
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The  only  improvement  that  is  recommended  is  the  removal  of  a  single 
dangerous  obstruction,  consisting  of  a  large  timber  dry-dock,  sunk  there 
during  the  civil  war,  which  lies  directly  in  the  channel. 

No  appro])riation  was  ever  made  by  Congress  for  the  improvement  of 
this  stream. 

Appropriation  recommended  for  this  purpose $5,000  00 

(See  Appendix  H  3.) 

4.  Improvement  of  the  Harbor  of  Darien,  Georgia. — The  first  appropria- 
tion for  this  purpose,  amounting  to  ^8,000,  was  made  by  act  approved 
June  18, 1878.  It  will  be  expended  in  removing  a  shoal  in  Back  River, 
between  Commodore  and  Wolf  Islands,  Back  River  being  one  of  the  out- 
lets into  Doboy  Sound  of  the  Darien  River. 

No  additional  appropriation  is  required. 
(See  Appendix  H  4.) 

5.  Improvement  of  inside  passage  between  the  Saint  John^s  River  and 
Fernandinaj  Florida, — No  work  on  this  ptissage  was  done  during  the 
fiscal  year  just  closed  for  want  of  funds,  and  no  appropriation  was  made 
for  the  present  fiscal  year.  The  engineer  in  charge  reports  that  no  mate- 
rial changes  in  the  channel  have  taken  place  since  the  date  of  his  last 
annual  report,  and  no  changes  are  anticipated  so  long  as  the  passage  is 
used  by  steamboats.  There  are  two  pouits  where  the  passage  is  very 
contracted. 

At  one  of  them,  known  as  GunnLson's  Cut,  the  width  is  scarcely  30 
feet,  and  the  low-water  depth  does  not  exceed  2  J  feet.  The  enlargement 
of  the  channel  at  these  points  is  recommended  so  long  as  the  bar  at  the 
mouth  of  Saint  John's  River  remains  unimi)roved. 

An  appropriation  of  $10,000  is  needed,  to  be  expended  upon  the  inside 
passage  or  at  the  mouth  of  the  Saint  John's  River,  as  the  Secretary  of 
War  shall  direct. 

(See  Appendix  H  5.) 

6.  Improvement  of  the  bar  at  the  mouth  of  Saint  John^s  River,  Florida. — 
No  work  has  been  done  on  this  bar  for  sev^eral  years,  no  appropriation 
for  its  improvement  ha\ing  been  made.  It  is  proposed  by  the  engineer 
in  charge  to  expend  a  portion  of  the  $10,000  approjiriated  by  act  approved 
June  18,  1878,  in  gauging  the  stream  at  several  points  near  its  lower  end, 
and  in  making  a  series  of  borings  upon  the  bar  at  its  mouth,  with  a  view 
to  obtaining  the  necessary  data  for  a  project  for  its  permanent  improve- 
ment. 

(See  Appendix  H  6.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Lieutenant-Colonel  Gillmore  has  been  charged  with  and  is  now 
engaged  upon  examinations  and  surveys  at  the  following  localities,  the 
results  of  which  will  be  duly  submitted  when  received: 

1.  The  Savannah  River  above  Augusta,  Georgia. 

2.  the  peninsula  of  Florida  with  a  view  to  the  construction  of  a  ship- 
canal  from  the  Saint  Marjfs  River  to  th^  Gulf  of  Mexico. 

3.  The  mouth  of  Saint  John^s  River,  Florida. 

.4.  For  survey  of  the  Saint  John^s  River,  Florida,  between  Lake  George 
and  Lake  Monroe^  and  estimates  of  cost  of  deepening  Volusia  Bar  and 
straightening  the  river  by  cut-offs. 
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GULF  OF  MEXICO. 

DCPROVEMENT  OF  THE  HARBORS  OF  MOBILE,  ALABAMA,  AND  OF  PEN- 
SACOLA  AND  CEDAR  KEYS,  FLORIDA — ^IMPROVEMENT  OF  THE  NAVI- 
GATION OF  RIVERS  IN  ALABAMA  AND  FLORIDA,  AND  OF  CHATTA- 
HOOCHEE AND  FLINT  RIVERS,  GEORGIA. 

Officer  in  charge,  Capt.  A.  N.  Damrell,  Corps  of  Engineers. 

L  Improvement  of  harbor  at  Mobile^  Alabama, — ^With  the  exception  of 
the  removal  of  some  logs  from  the  channel  no  work  was  carried  on  in 
prosecution  of  this  improvement  during  the  fiscal  year  1877-'78. 

Under  an  appropriation  of  J  10,000  by  act  of  Congress  approved  June 
18, 1878,  it  is  proposed  to  make  tests,  surveys,  and  borings  to  determine 
the  feasibility  of  obtaining  a  ship-channel  of  22  feet  from  the  lower  an- 
chorage in  Mobile  Bay  to  the  wharves  of  the  city  of  Mobile. 

No  appropriation  will  be  required  for  fiscal  year  ending  June  30, 1880. 

Joly  1,  1^?77,  amount  available $4, 015  57 

Amount  appropriated  by  act  approved  June  Itiy  1878 10, 000  00 

114, 015  57 

July  1,  1878,  amount  exj)ended  during  fiscal  year 2, 146  31 

Jiilyl,  1878,  amount  available 11,869  26 

(See  Apx>endix  1 1.) 

2.  Improvement  of  harbor  at  Pensacohi^  Florida, — Under  appropriation 
of  $20,000  made  June  18, 1878,  it  is  proposed  to  remove  the  wrecks  in 
this  harbor,  and  make  sucli  other  improvements  as  the  appropriation 
aDows. 

No  appropriation  will  be  required  for  the  fiscal  year  ending  June  30, 
1880. 

Amount  appropriated  by  act  approved  June  18, 1878 $20, 000  00 

Joly  1,  1878,  amount  available 20,  000  00 

(See  Apx)endix  1 2.) 

3.  Improvement  of  harbor  at  Cedar  KeySj  Florida. — During  the  fiscal 
year  14,221  cubic  yards  of  material  were  excavated  from  the  shoal  be- 
tween Depot  Key  and  Way  Key,  giving  a  channel  through  the  Middle 
Ground  80  feet  wide  and  11^  feet  deep  at  mean  low  tide. 

It  is  proposed  during  the  fiscal  year  1878-'79  to  continue  tlie  im- 
provement, by  dredging,  under  the  api)ropriation  of  $20,000  of  June  18, 
1878. 

An  appropriation  of  $50,000  is  recommended  by  the  officer  in  charge 
for  fiscal  year  ending  June  30, 1880. 

July  1,  1877,  amount  available |9,983  65 

Amount  appropriated  by  act  approved  June  18,  1878 20,  000  00 

$29, 983  65 

July  1,  1878,  amount  expended  during  fiscal  year 9,  983  65 

Jalyl,  1878,  amount  available 20,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 81,  000  00 

Amount  that  can  be  pron  tably  expended  in  Ascal  year  ending  June  30, 1880 .      50,  000  00 

(See  Appendix  I  3.) 

4  Improvement  of  Choctawhatchee  River ^  Alabama  and  Florida. — Work 
on  the  improvement  of  this  river  was  carried  on  during  the  months  of 
July  and  August,  1877,  when  the  balance  of  the  apjiropriation  made  by 
act  of  Congress  approved  August  14, 1876^  bein^  exhausted,  operations 
were  discontinued  af^^  ^^^  removaJ  of  more  than  630  snags  and  1,200 
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overliaDging  trees  and  deepening  of  shoal  at  Millers  Field  by  the  re- 
moval of  drift  and  gravel. 

Appropriation  recommended  by  the  officer  in  charge  for  fiscal  year 
ending  June  30,  1880,  for  continuing  the  improvement  is  $19,000. 

July  1,  1877,  amount  available $2,786  38 

July  1,  1878,  amount  expended  during  fiscal  year 2,577  81 

July  1,  1878,  amount  available 208  57 

Amount  (estimated)  reouired  for  completion  of  existing  project 19, 332  00 

Amount  tbat  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .       19, 000  00 

(See  A])pendix  1 4.) 

5.  Improvement  of  Apalachicola  River,  Florida, — ^Work  was  prosecuted 
on  this  river  from  January,  1878,  to  the  middle  of  April,  1878,  at  Moc- 
casin Slough  and  other  points,  and  consisted  in  the  construction  of  a 
dam  130  feet  long,  the  removal  of  486  cubic  yards  of  earth  and  270  logs 
and  snags,  and  many  overhanging  trees. 

It  is  intended  during  next  year  to  continue  the  improvement  with  the 
appropriation  of  $8,000  of  June  18,  1878,  by  removal  of  sunken  logs, 
snags,  and  overhanging  trees,  improvement  of  cut-off,  and  widening  and 
straightening  channel  through  Moccasin  Slough. 

Appropriation  recommended  by  the  officer  in  charge  for  fiscal  year 
ending  June  30, 1880,  $20,000. 

July  1,  1877,  amount  available $4,  776  91 

Amount  appropriated  by  act  approved  June  18,  1878 8,  000  00 

112, 776  91 

July  1,  1878,  amount  expended  during  fiscal  year 4,074  33 

July  1,  1878,  amount  available 8,702  58 

Amount  (estimated)  required  for  completion  of  existing  project 52,  OlM)  00 

Amount  that  can  be  profitably  expende<l  in  fiscal  year  ending  June  30, 1880.       20, 000  00 

(See  Appendix  1 5.) 

6.  Improvement  of  Chattahoochee  and  Flint  Rivers^  Georgia. — This  work 
waR  continued  during  the  year  as  follows : 

On  Chattahoochee  River,  completion  of  4-feet  channel  over  Wolfax 
Bar,  by  construction  of  shore  protection,  jetties,  and  wing-dams.  The 
following  bars  were  also  improved  by  the  removal  of  snags,  logs,  &c : 
Abercrombie,  Shell  Creek,  Chimney'sBluflf,  and  Snake  Shoal.  A  chan- 
nel 60  feet  in  width  and  4  feet  depth  was  obtained  by  blasting  rock  on 
XJchee,  Slick  Bluff,  and  Hardridges  Shoals.  On  Flint  River,  by  blasting 
rock  and  removing  sunken  logs,  a  channel  60  feet  wide  and  4  feet  deep 
was  cleared  between  the  wharf  at  Bainbridge  and  Lamberts  Island. 

It  is  proposed  during  next  year  to  continue  the  improvement  of  Chat- 
tahoochee by  clearing  the  channel  at  the  most  dangerous  shoals,  such  as 
Hardridges  Shoals  and  Kings  Rock,  and  the  improvement  of  Flint  River 
by  removal  of  rocks,  sunken  logs,  &c.,  between  Lamberts  Island  and  its 
mouth. 

Appropriation  recommended  by  the  officer  in  charge  for  fiscal  year 
ending  June  30, 1880,  for  continuing  the  improvement,  $50,000. 

July  1,  1877,  amount  available $25,565  09 

Amount  appropriated  by  act  approved  June  18,  1878 28,  000  00 

$53,  565  09 

July  1,  1878,  amount  expended  during  fiscal  year 21,  647  57 

July  1,  1878,  amount  available 31,917  52 

Amount  (estimated)  required  for  completion  of  existing  project 232, 0(X)  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       50,  000  00 

(See  Appendix  16.) 
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7.  Improvement  of  Black  Warrior  and  Tombigbee  Rivers^  Alabama, — 
During  the  year  the  Warrior  River  was  cleared  of  logs,  snags,  and  over- 
hanging trees  from  the  mouth  of  the  river  to  Log  Shoals.  There  is  now 
a  channel  of  2^  feet  minimum  depth  from  the  mouth  of  the  river  to  East- 
port,  a  distance  of  62  miles. 

It  is  proposed  during  next  year  to  improve  Warrior  River  from  East- 
port  to  TnBcaloosa,  and  the  Tombigbee  from  Demopolis  to  its  mouth. 

Appropriation  recommended  by  the  oflftcer  in  charge  for  fiscal  vear 
ending  June  30,  1880,  $100,000. 

Ja]y  1.  1877,  amonnt  ayailable $5,463  04 

Amount  appropriated  by  act  approved  June  18,  1878 40,  000  00 

$45,  463  04 

Jnly  1,  1878,  amount  exi)ended  during  fiscal  year 4,  318  24 

July  1,  1878,  amoimt  available 41,144  80 

Amonnt  ((estimated)  required  for  completion  of  existing  project 104, 603  00 

Amount  that  can  b©  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     100,  000  00 

(See  Api)endix  1 7.) 

8.  Improvement  of  Tombigbee  River  above  Columbus. — With  the  appro- 
priation of  $12,000  of  June  18, 1878,  it  is  proposed  to  improve  the  navi- 
gation of  this  river  by  the  removal  of  all  snags,  sunken  logs,  and  over- 
hanging trees,  and  the  improvement  of  the  worst  bars  in  the  river 
above  Columbus. 

Appropriation  recommended  by  officer  in  charge  for  fiscal  year  end- 
ing June  30,  1880,  for  continuing  the  improvement,  $18,000. 
(See  Appendix  1  8.) 

9.  Improvetnetit  of  Alabama  River. — With  the  appropriation  of  June 
18, 1878,  it  is  proposed  during  next  year  to  close  cut-off  about  12  miles 
above  the  mouth  of  the  river,  by  construction  of  dams  and  jetties,  and 
clear  the  river  of  logs,  snags,  and  overhanging  trees  from  Wetumpka 
toils  mouth. 

Appropriation  recommended  by  the  officer  in  charge  for  fiscal  year 
^ding  June  30,  1880,  for  the  continuation  of  this  improvement  is 
tlOD,000. 

Amount  appropriated  by  act  approved  June  18,  1878 |25,  000  00 

Jaly  1,  1878,  amonnt  available 25,  000  00 

Afflcmnt  (e«timat4Mi)  r©(^uired  for  completion  of  existing  project 229,  741  00 

AoMunt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  100,  000  00 

(See  Api)endix  I  9.) 

KXAMTNATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 1878, 
Captain  Damrell  has  been  charged  with  and  is  now  engaged  upon  ex- 
uuinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  received : 

1.  Ike  Conecuh  River j  Alabama. 

2.  The  Patsaligo  River j  Alabama. 

3.  The  Escambia  River j  Alabama, 

4.  The  Chickasahoy  River ^  Mississippi. 

5.  The  Pasca^oulu  RiveVy  Mississippi. 

6.  2  he  Suwannee  River.  Florida. 

7.  The  Caloosahatchie  Kiver^  Florida. 

8.  The  mouth  of  Hillsborough  River ^  Florida. 

9.  Tampa  Bat/y  Florida. 

10.  The  Flint  River y  Oeorgiaj  from  Albany  to  Montezumu. 

11.  Apalachicola  Baj^^  ITorida. 

6e 
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• 

IMPROVEMENT  OF  THE  MOUTH  OF  MISSISSIPPI  RIVER  AT  SOUTH- 
WEST PASS ;  OF  THE  ENTRANCE  TO  GALVESTON  HARBOR,  AND  THE 
SHIP-CELAJmEL  IN  GALVESTON  BAY ;  OF  SABINE  PASS  AND  PASS  CA- 
VALLO,  AND  OF  SABINE,  NECHES,  AND  TRINITY  RIVERS,  TEXAS,  AND 
BAYOU  LAFOURCHE,  LOUISIANA — ^IMPROVEMENT  OF  THE  HARBOR  AT 
NEW  ORLEANS. 

Officer  in  charge,  Capt.  C.  W.  Howell,  Corps  of  Engineers,  with  Capt- 
C.  E.  L.  B.  Davis,  Corps  of  Engineers,  under  his  immediate  orders. 

1.  Improvement  of  the  mouth  of  the  Mississippi  River  at  Southwest  Pass.— 
The  act  of  Congress  approved  August  14, 1876,  provided  that  the  ap- 
propriation for  this  work  should  not  be  avsolable  whenever  there  should 
be  a  channel  of  18  feet  in  depth  through  South  Pass. 

This  depth  through  South  Pass  having  been  rei)orted,  dredging  at 
Southwest  Pass  wa«  suspended  August  22, 1877. 

One  of  the  idle  dredge-boats,  the  UssayonSj  formerly  employed  upon 
this  work,  was  sent  to  Sabine  Pass,  Texas,  to  perform  the  work  at  that 
place  provided  for  by  Congress. 

The  Essay ons  becoming  disabled,  her  mate,  the  McAIester^  was  sent 
to  relieve  her,  but  was  lost  on  the  voyage  from  New  Orleans  to  Sabine 
Pass,  the  particulars  of  which,  so  far  as  known,  are  given  by  Captain 
Howell  in  Appendix  J  1  of  this  report. 

The  Essayons  and  the  other  property  belonging  to  the  work  (except 
the  end  dock  coal  barge  and  storehouse,  which  were  sold  at  auction,  and 
the  steam-launch,  which  was  transferred  to  the  work  for  improving  har- 
bor at  Galveston^  Texas)  have  been  transferred  to  the  work  for  improve- 
ment of  Sabine  Pass. 

July  1,  1877.  amount  available $10,760  98 

August  6,  1877,  amount  allotted  from  appropriation  for  repair, 
preservation,  extension,  and  completion  of  river  and  harbor 

works 12,200  00 

$22,960  98 

July  1,  1878,  amount  expended  during  fiscal  year 22,  960  98 

(See  Appendix  J  1.) 

2.  Improvement  of  the  entrance  to  Oalveston  Harbor ^  Texas, — This  work 
was  suspended  November  30,  1877,  on  account  of  exhaustion  of  the 
appropriation. 

The  changes  produced  on  the  inner  bar  by  the  work  are  very  gratify- 
ing; the  survey  of  June,  1877,  showing  a  least  depth  over  the  bar  of  20 
feet,  with  a  least  width  between  the  20-feet  curves  of  200  feet,  where 
before  the  work  commenced  there  existed  a  narrow  and  intricate  channel 
of  but  12  feet  in  depth. 

.  Work  on  the  outer  bar  had  not  progressed  far  enough  at  the  time  of 
suspension  to  produce  important  results. 

With  the  large  number  of  gabions  on  hand  ready  to  sink  in  the  Boli- 
var gabioimade,  it  is  thought  by  the  officer  in  charge  that  results  will  be 
obtained  sufficient  to  show  that  the  completion  of  the  work  will  probably 
secure  a  depth  over  the  outer  bar  equal  at  least  to  that  already  secured 
through  the  agency  of  the  gabioimade  over  the  inner  bat. 

Original  estimate $1,259,456  43 

Revised  estimate 559,740  00 

Whole  amount  appropriated 477,000  00 

Whole  amount  expended 357,662  72 

July  1,  1877,  amount  available |36,052  60 

Amount  appropriated  by  act  approved  June  18,  1878 50,000  00 

Amount  appropriated  by  act  approved  June  7,  1878 75,000  00 

$161, 052  60 
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July  1,  1878.  amonnt  expended  daring  fiscal  year $37, 089  60 

July  1,  187i^  outstanding  liabiUties 4,625  72 

$41,715  32 

Jolyl,  1878,  amount  available 119,337  28 

(estimated)  required  for  completion  of  existing  project 82, 740  00 


Amount  that  can  be  profitably  exx>ended  in  fiscal  year  ending  June  30, 1880* .     150, 000*  00 

(See  Api>endix  J  2.) 

3.  Improvement  of  ship^hannel  in  Galveston  Bay^  Texas,  between  Boli- 
var Channel  and  Red  Fish  Bar. — Expenditure  of  the  appropriation  of 
1876  for  this  work  having  been  suspended,  upon  recommendation  ap- 
proved by  the  honorable  Secretary  of  War,  to  await  further  action  of 
Congress,  no  work  was  performed  during  the  past  fiscal  year. 

During  the  present  fiscal  year  it  is  proposed  to  exi)end  the  money  now 
available  in  excavating,  by  contract,  a  channel  12  feet  deep  at  mean  low 
tide,  and  100  feet  wide  at  bottom,  from  the  head  of  Bolivar  Channel  to 
the  United  States  cut  through  Bed  Fish  Bar. 

July  1,  1877,  amount  available $72,000  00 

Amount  appropriated  by  act  approved  June  18,  1878 75,000  00 

$147, 000  00 

Jolyl,  1878,  amount  available 147,000  00 

Amount  (estimated)  required  for  completion  of  existing  project,  12  feet 

de«pand  100  feet  wide 446,326  42 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     200, 000  00 

(See  Api)endix  J  3.) 

4.  Improvement  of  Sabine  PasHy  Texas. — In  consequence  of  suspension 
of  dredging  at  SouUiwest  Pass  of  the  Mississippi  River  the  United  States 
dredge-boat«  Essayons  and  McAlester  were  idle  at  the  time  bids  received 
for  the  performance  of  this  work  by  contract  were  being  considered. 

With  a  view  to  economy  for  the  government  and  advantage  to  the 
work  the  bids  were  rejected  and  the  Essayons  sent  to  do  the  work. 

The  disablement  of  the  Essayons  and  the  loss  of  the  McAlester,  together 
with  unavoidable  delay  experienced  in  making  repairs  to  the  Essayons 
retarded  the  progress  of  the  work. 

Upon  completion  of  repairs  to  the  Essayons  she  will  be  returned  to 
Sabine  Pass  to  resume  the  work  of  dredging. 

The  oflScer  in  charge  submits  an  estimate  of  $100,000  for  the  continua- 
tiofn  of  this  improvement  for  the  fiscal  year  ending  June  30,  1880,  but 
owing  to  want  of  sufficient  information  in  this  office  as  to  the  necessity 
for  so  large  an  appropriation  this  estimate  is  reduced  to  $30,000,  the 
amonnt  of  last  yeaPs  appropriation. 

July  1,  1877,  amount  avaUable $50,489  42 

An^unt  appropriated  by  act  approved  June  18,  1878 30,  000  00 

$80,  489  42 

July  1,  1878,  amount  expended  during  fiscal  year 35, 252  02 

Jnly  L  1878,  outstanding  liabUities 2,  385  20 

37, 637  22 

Jdyl,  1878,  amount  avaUable 42,852  20 

AoKrant  (estimated)  required  for  completion  of  existing  project  2b-feet 
channel 302,317  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1880,  as  revised  in  this  office 30,000  00 

(See  Apx)endix  J  4.) 

*  KoTE. — ^The  amount  required  for  next  fiscal  year  in  excess  of  balance  remaining 
after  deducting  total  amount  appropriated  £x>ni  amount  estimated  for  completion  of 
existing  project  Is  necesBary  to  cover  loss  to  the  work  sustained  by  frequent  snspen- 
^<ms  dae  to  inad^aate  appropriationa. 
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5.  Improvement  of  the  narrmcs  above  Orangey  on  the  Sabine  Rivera  Texas, 
and  deepening  the  cliannel  at  the  month  of  said  river, — There  was  appro- 
priated for  this  work  at  the  last  session  of  Congress  $10,000,  with  which 
it  is  proposed  to  dredge  a  channel  at  the  mouth  of  the  river  5  feet  deep 
at  mean  low  tide  and  100  feet  wide,  or  so  much  thereof  as  the  appropri- 
ation will  permit. 

Aftioiint  appropriated  by  act  approved  June  18,  1878 $10,  000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 21,  033  00 

Amount  that  can  be  protltably  expended  in  fiscal  year  ending  June  30, 1880 .     21, 033  00 

(See  Appendix  J  5.) 

6.  Deepening  the  channel  at  the  mouth  of  the  Neches  River,  Texas,  and 
removing  obstructions  to  Beaumont. — ^\Vith  the  $8,000  available  for  this 
work  it  is  proposed  to  excavate  a  channel  5  feet  deep  at  mean  low  tide 
and  40  fe«t  wide,  or  so  much  thereof  as  the  amount  will  permit,  through 
the  bar  at  the  mouth  of  the  river. 

Original  estimate — work  at  mouth $26, 318  05 

Amount  appropriated  by  act  approved  June  18,  1878 8,  000  00 

July  1, 1878,  amount  available 8,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 18,  318  05 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     18,  318  05 

(See  Appendix  J  6.) 

7.  Deepening  the  channel  at  the  mouth  of  the  Trinity  River,  Texas,  and 
removing  obstructions  to  Liberty, — The  $10,000  made  available  by  the  last 
Congi'ess  will  be  expended  in  dredging  a  channel  5  feet  deep  and  100 
feet  wide  across  the  bar  obstructing  the  entrance  to  the  river,  or  so 
much  thereof  as  the  amount  will  permit. 

Original  estimate — ^work  at  mouth $40, 000  00 

Removing  snags,  &c 6,  (XK)  00 

Amount  appropriated  by  act  approved  June  18,  1878 10,  (X>0  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 7,967  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  7, 967  00 

(See  Api>endix  J  7.) 

8.  Improvement  of  Pass  Cavallo,  inlet  into  Matagorda^  Bay,  Texas, — ^The 
river  and  harbor  act  of  August  14,  1876,  appropriated  $20,000  for  this 
work. 

As  that  amount  wa*s  manifestly  too  small  for  the  commencement  of  a 
work  of  this  nature,  it  wa«  recommended,  and  the  recommendation  was 
approved  by  the  honorable  Secretary  of  War,  that  the  work  be  held  to 
await  further  action  of  Congress. 

Great  changes  have  been  reported  in  the  pass  sinc^  the  last  survey,  to 
ascertain  the  nature  of  which  an  examination  will  be  made,  and  ujwn  it« 
completion  the  officer  in  charge  will  submit  a  project  for  expenditure  of 
the  appropriations  now  available. 

Original  estimate f715,  325  00 

Whole  amount  appropriated 45,  000  00 

July  1,  1877,  amount  available |20, 000  00 

Amount  appropriated  by  act  approved  June  18,  1878 25,  000  00 

45, 000  00 

July  1,  1878,  amount  available 45,000  00 

Amount  (estimated^  required  for  completion  of  existing  project 670,  325  00 

Amount  that  can  oe  profitably  expended  in  fiscal  year  ending  June  30, 

1880,  as  revised  in  this  office ^ 130,  000  00 

(See  Appendix  J  8.) 

9.  Removing  obstructions  in  Bayou  Lafourche,  Louisietna, — The  amount 
available  fov  this  work  during  the  present  fiscal  year  will  be  applied  to 
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the  removal  of  stumps  and  snags  between  Thibodeauxville  and  Parr's 
Canal. 

Amount  appropriate  by  act  approved  June  18,  1878 110,  000 

July  1,  1878,  amount  available 10,000 

(See  Appendix  J  9.) 

10.  Improvement  of  the  harbor  at  New  Orleans^  Louisiana. — ^The 
amount  available  for  thin  work  will  be  expended  during  the  present  fis- 
cal year  in  protecting  the  river  front  of  New  Orleans,  according  to  the 
plan  adopted  by  the  Commission  of  Engineers  convened  for  that  purpose, 
a  reiiort  of  which  will  be  foimd  in  Appendix  J  10  of  this  report. 

Orifrinal  estimate *. $476,000  00 

Whole  amount  appropriated 50,  000  00 

Amount  appropriated  by  act  approved  June  18,  1878 50,  0(X)  00 

July  1,  1K78,  amount  available 50,000  00 

Amiount  (ei»timated)  required  for  completion  of  existing  project 426,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    200,  000  00 

(See  Api)endix  J  10.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
187<S,  Cai)tain  Howell  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surv^eys  at  the  following  localities,  the  residts  of  which 
will  be  duly  submitted  when  received : 

1.  Pearl  River j  Missismppi, 

2.  BrazoH  River  in  Texas  from  eight  miles  above  its  mouth  down  through 
its  mouth  to  the  outer  edge  of  the  bar  in  the  Gulf  of  Mexico. 

3.  Aransas  Pass  and  Bay  up  to  Rockportand  Corpus  Christi,  Texas j  and 
Coitus  Christi  Pass  and  Channel. 

4.  The  bar  at  the  mouth  of  Brazos  River ^  Texas j  including  a  report  upon 
the  capacity  of  the  harbor  at  the  mouth  of  the  Brazos,  and  its  adaptability 
u  a  harbor  of  refuge  and  naval  station. 

5.  Tangipahoa  River ,  Louisiana. 

PROTECTION   OF  THE    RIVER  BANKS  AT  FORT    BROWN,    TEXAS,    FROM 

ENCROACHMENTS  OF   THE  RIO  GRANDE. 

OflBcer  in  charge,  Capt.  James  F.  Gregory,  Corps  of  Engineers. 

This  work  having  sustained  some  injury  at  its  up-stream  end,  the  un- 
expende<l  balance  of  the  appropriation  of  July  31,  1876,  was  applied  to 
continuing  the  work  130  feet  up-stream  from  the  point  where  the  main 
stracture  had  remained  uninjured. 

As  the  bank  in  front  of  the  administration  building  has  begim  to  wear 
away,  it  is  apprehended  that  this  building  and  much  valuable  land  may 
be  last,  and  that  the  river  may  yet  break  through  into  the  lagoon.  To 
arrest  this,  since  the  work  of  protection  has  successfiilly  withstood  the 
high- water  currents  of  last  year  and  of  this  spring,  the  officer  in  charge 
recommends  that  the  work  be  continued  about  400  feet  farther  do^vn 
stream,  for  the  cost  of  which  he  submits  an  estimate  of  $14,400. 

Jnly  1,  1877  balance  available  of  appropriation  made  by  sundry  civil  act 

approved  Julv  31,  1«76 $2,802  41 

M'l,  1^^,  ai/ioniit  expended  during  fiscal  year 2,796  33 

%  1, 1878,  amount  available ^  ^8 

^onnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     14, 400  00 

(See  Appendix  KO 
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WESTERN    RIVERS. 

IMPROVEMENT  OF  OUACHITA  AND  YAZOO  RIVERS — ^REMOVAL  OF  RED 
RIVER  RAPT — IMPROVEMENT  OF  TONE'S  AND  CYPRESS  BAYOUS  AND 
OF  THE  MOUTH  OF  RED  RIVER — PRESERVATION  OF  THE  PORTS  OP 
MEMPHIS  AND  VICKSBURG — WATER-GAUGES  ON  THE  MISSISSIPPI  AND 
ITS  PRINCIPAL  TRIBUTARIES. 

Officer  in  charge,  Capt.  W.  H.  H.  Benyaurd,  Corps  of  Engineers. 

1.  Improvement  of  Otuwhita  River j  Arkansas  and  Louimana. — Low- water 
dams  were  constructed  at  Spoon  Caiap  Shoals  and  Buffalo  Flats,  for  the 
purpose  of  concentrating  all  the  water,  when  at  a  low  stage,  in  a  single 
channel,  and  the  snag-boat  Wagner  was  employed  in  removing  obstruc- 
tions from  the  channel  of  the  river. 

During  the  coming  season  it  is  proposed,  as  far  as  the  funds  wiU  allow, 
to  build  low-water  dams  at  Hog-Eye  Shoals,  Slim  Island,  and  Smack- 
Over  Shoals,  and  to  continue  snagging  operations  with  the  Wagner. 

July  1,  1877,  amount  available |6,830  56 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$16, 830  56 

July  1,  1878,  amount  expended  during  fiscal  year 6,808  24 

July  1,  1878,  amount  available 10,022  32 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     25, 000  00 

(See  Appendix  L  1.) 

2.  Improvement  of  Yazoo  River ^  Mississippi. — ^There  being  no  snag-boat 
lielonging  to  this  work,  and  the  funds  appropriated  not  being  sufficient 
to  purchase  one,  the  Wa<fner  was  taken  from  the  Ouachita  and  employed 
in  removing  wrecks,  snags,  &c.,  from  the  channel  of  the  river. 

It  is  proposed  during  the  coming  season  to  operate  in  the  same  manner. 

As  there  are  many  calls  made  for  the  Wagner  (it  being  the  only  light- 
draught  snag-boat  in  service)  for  work  on  the  Southern  rivers,  and  as  it 
is  impossible  to  do  full  justice  to  all,  the  officer  in  charge  recommends 
that  funds  sufficient  be  appropriated  to  build  another  light-draught  boat. 

July  1,  1877,  amount  available $13,956  51 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$38, 956  51 

July  1,  1878,  amount  expended  during  fiscal  year 13,799  68 

July  1,  1878,  amount  available 25, 156  83 

Amount  (estimated)  required  for  completion  of  existing  project 68, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     50, 000  00 

(See  Appendix  L  2.) 

3.  Removing  raft  in  Red  River  and  closing  Tories  BayoUj  Louisiana, — 
Removing  raft  in  Red  River. — ^The  steamer  Florence  was  raised  and  em- 
ployed during  the  season  in  removing  obstructions  from  the  channel  and 
in  keeping  Red  River  open  above  Shreveport. 

During  the  coming  season  it  is  proposed  to  continue  these  operations. 
Closing  Ton^s  Bayou. — ^A  break  having  occurred  at  the  east  end  of  the 
dam,  an  allotment  of  $4,500  was  made  for  its  repair.  With  this  amount, 
and  with  $3,000  furnished  by  the  citizens  of  New  Orleans,  the  break 
was  repaired  and  the  dam  carried  up  to  within  12  feet  of  high- water 
mark. 

During  the  coming  season  it  is  proposed  to  carry  the  dam  up  to  its 
full  height  and  cover  the  top  with  a  heavy  layer  of  stone. 
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July  1,  Itrn,  amonnt  available |2,262  32 

August  27, 1877,  amonnt  allotted  for  Tone's  Bayon 4,  500  00 

Amount  appropriate  by  act  approved  February  7,  1878 6,  000  00 

Amount  appropriated  bV  act  approved  June  18,  1878 24,  000  00 

136, 762  32 

July  1, 1878,  amount  expended  during  fiscal  year  on  raft- work..     5, 509  30 
July  1,  1878,  amount    expended  during    fiscal   year   on  Tone's 

Bayou 4,807  08 

10, 316  38 

July  1,  1878,  amount  available 26,445  94 

Amount  (estimated)  required  for  completion  of  existing  project  for  raft- 

vork 130,000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    50, 000  00 

(See  Appendix  L  3.) 

4.  Improrement  of  Cypress  BayoUy  Texas. — ^A  new  dredge  was  built 
last  season  to  take  the  place  of  the  old  one,  sunk  in  the  bayou. 

The  new  dredge  will  be  employed  this  coming  season  in  widening  the 
three  steamboat  channels  already  dredged  and  in  making  a  new  channel 
through  to  the  head  of  Fairy  Lake. 

Jttly  1,  1877,  amount  available $9,900  73 

Amount  appropriated  by  act  approved  June  18,  1878 15,000  00 

|24, 900  73 

Jaly  1,  1878,  amount  expended  during  fiscal  year 9,854  32 

Jaly  1,  1878,  amonnt  available 15,046  41 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enmng  June  30, 1880.     20,  000  00 

(See  Appendix  L  4.) 

5.  Bemaving  snags  and  other  obstructions  from  Red  River ^  Louisiana. — 
Xo  work  has  heretofore  been  done  upon  the  lower  part  of  Ked  River. 
Tbe  appropriation  of  $25,000  of  June  18, 1878,  is  the  first  that  has  been 
made. 

It  is  proi)08ed  to  expend  that  amount  during  the  coming  season  in 
removing  snags,  wrecks,  and  other  obstructions. 

Amount  appropriated  by  act  approved  June  18,  1878 $25,000  00 

July  1,  1878,  amount  available 25,000  00 

Amount  (estimated)  req^uired  for  completion  of  existing  project 150, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1880 .  75,  000  00 

(See  Appendix  L  5.) 

6.  Improvement  of  the  mouth  of  Red  River^  Louisiana. — The  works 
designed  for  this  improvement  have  for  their  object  the  opening  of  a 
navigable  channel  from  Red  River  to  the  Mississippi,  and  from  the  Mis- 
si^ippi  to  the  Atchafalaya.  To  this  intent  it  is  proposed  to  put  a  dam 
across  Old  River  between  the  head  of  the  Atchafalaya  and  the  head  of 
Tornbull's  Island,  and  thus  throw  the  volume  of  Red  River  into  the 
Migsissippi  by  way  of  Upper  Old  River ;  at  the  same  time  connection  be- 
tween the  Atchafalaya  and  the  Mississippi  is  maintained  through  Lower 
Old  River. 

AiDoont  appropriated  by  act  approved  June  18,  1878 $150, 000  00 

Jalyl,  1878,  amount  available 150,000  00 

Amonnt  (e«tiniated)  required  for  completion  of  existing  project 150,  000  00 

AffiooDt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  150, 000  00 

(See  Appendix  1j  6.) 

7.  Improvement  of  the  harbor  and  of  Mississippi  River  at  Memphis^  Ten- 
»«wee. — This  improvement  has  for  its  object  the  protection  of  the  harbor 
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at  Memphis.  To  that  intent  work  will  be  commenced  so  soon  as  the 
stage  of  water  will  permit,  and  carried  on  to  the  extent  of  the  ftmds 
available,  with  the  ultimate  expectation  of  protecting  the  entire  citj- 
front.  The  work  of  protection  will  consist  in  covering  the  caving  bank 
with  brush  mattresses  loaded  with  stone,  extending  from  above  low- 
water  out  to  the  maximum  depth. 

Amount  appropriated  by  act  approved  June  18,  1878 $46,  000  00 

July  1,  1878,  amount  available 46,0(X)  00 

Amount  (e«timate<l)  required  for  completion  of  existing  project 124,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  124, 000  00 

(See  Appendix  L  7.) 

8.  Improvement  of  the  harbor  a)id  of  Mississippi  Elver  at  Yickshurg^ 
Mississippi. — It  is  intended  to  apply  the  appropriation  to  the  protection 
of  the  Delta  Point,  as  recommended  by  the  Board  of  Engineers,  whose 
report  will  be  found  in  Appendix  L  8. 

This  protection  will  consist  in  covering  the  bank  with  brush  mattresses 
loaded  with  stone,  extending  along  the  bottom  of  the  river  out  about  150 
feet ;  the  object  being  to  hold  the  Delta  Point  where  it  is  now  by  stop- 
ping the  caving,  and  thus  keep  the  deep  water  of  the  harbor  from  reced- 
ing farther  from  the  city  landing. 

Amount  appropriated  by  act  approved  June  18,  1878 $84, 000  00 

July  1,  1878,  amount  available 84,000  00 

Amount  (ehtimated)  required  for  completion  of  existing  project 170, 1(K)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  90, 000  00 

(See  Appendix  L  8.) 

9.  Water-gauges  on  the  Mississippi  Elver  and  Its  principal  tributaries. — 
There  being  no  appropriation  for  this  year,  operations  were  continued 
until  the  fimds  were  e^diausted  in  October,  when  the  observations  were 
stopped.  Many  of  the  observers,  however,  kept  up  their  readings  with- 
out compensation,  whereby  continuous  records  have  been  obtained. 

It  is  proposed  the  coming  year  to  repair  such  gauges  as  need  it,  and 
to  continue  the  observations  of  the  rise  and  fall  of  the  Mississippi  and 
its  tributaries. 

July  1, 1877,  amount  available $1,668  24 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 

$6,668  24 
July  1,  1877,  amount  expended  during  fiHcal  year 1,668  24 

July  1,  1878,  amount  available 5, 000  00 

Amount  that  can  be  profitably  exi)ended  in  fiscal  year  ending  June  30, 1880.     5, 000  00 

(See  Appendix  L  9. 

EXAMINATIONS  AND  SLTRVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 1878, 
Captain  Benyaurd  ha^s  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  residts  of  which 
will  be  duly  submitted  when  received : 

1.  Big  Sunflower  Eiver.  Misslssijypl. 

2.  Tallahatchie  Eiver^  Mississippi. 

3.  Cold  Water  Elver,  Mississippi. 

4.  Bayou  Bartholoinetv,  Arkansas. 

5.  Upper  Eed  Eiver,  from  the  raft  up  to  the  Missouri,  Kansas  and  Texas 
Eailroad  bridge. 

6.  Little  Eiverj  Arlcansas. 

7.  Saline  Elver,  Arkansas. 
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8.  Fotiche  La  Faivej  in  Arkansas. 

9.  Tan^s  Bayou^  Bayous  Pierre  and  Wincey  and  Lakes  Bayou  Pierre 
and  Canna^anier^  Louisiana, 

10.  For  impromng  the  navigation  at  the  Falls  on  Bed  Biver  near  Alex- 
andriaj  Louisiana. 

REMOVEfG  SNAGS  AND  WRECKS  FROM  MISSISSIPPI,  MISSOURI,  AND  AR- 
KANSAS RIVERS — SURVEYS  AND  IMPROVE^IENTS  AT  VARIOUS  POINTS 
ON  MISSOURI  RIVER — SURVEY  OF  MISSOURI  RIVER  FROM  ITS  MOUTH 
TO  SIOUX  CITir — IMPROVEMENT  OF  ARKANSAS  RIVER  AT  FORT  SMITH, 
AND  OF  WHITE  RIVER  AT  BUFFALO  SHOALS. 

Officer  in  charge,  Maj.  C.  E.  Suter,  Corps  of  Engineers. 

1.  B^momng  snugs  and  mrecksfrom  the  Mississippi^  Missouri^  andArkan- 
ms  Birers. — No  ai>propriation  having  been  made  for  rivers  and  harbors 
in  1877,  the  balance  remaining  from  the  appropriation  of  August  14, 
1876,  was  retained  for  the  care  of  the  boats  and  other  government  prop- 
erty belonging  to  the  work ;  field  operations  being  limited  to  one  month's 
snagging  in  the  Missouri  River. 

A  8X)ecial  appropriation  made  for  the  work  (act  approved  February 
7, 1878)  enabled  field  operations  to  be  resumed,  and  two  boats  were  en- 
pged  on  the  three  rivers  until  the  close  of  the  fiscal  year. 

On  the  Mississippi  the  work  extended  from  the  mouth  of  the  Missouri 
to  Vieksborg,  846  miles ;  on  the  Missouri,  frt)m  the  mouth  to  Lexington, 
317  miles ;  and  on  the  Arkansas,  from  the  mouth  to  Little  Rock,  280 
miles. 

Ihuring  the  coming  season  the  field  operations  contemplate  assigning 
deven  months  to  the  Mississippi,  three  months  to  the  Arkansas,  and 
eight  months  to  the  Missouri.  It  is  also  intended  to  replace  the  hulls  of 
two  of  the  snag-boats  which  are  now  worn  out. 

The  officer  in  charge  recommends  that  one  of  the  remaining  wooden 
auig-boats  be  repair^  and  fitted  up  for  wrecking  purposes,  and  that  the 
other  receive  an  iron  hull.    Estimates  for  the  purpose  are  submitted. 

Anwunt  required  for  fiscal  year  ending  June  30, 1880. 

For  bailding  one  small  iron-hiilled  snag-boat  to  carry  the  machinery  of 
one  of  the  present  wooden  boats $105, 000  00 

For  repairing  one  wooden  snag-boat  and  fitting  it  up  for  wrecking  pur- 
poses        50,  000  00 

For  completion  of  the  two  iron  snag-boats  now  authorized 30, 000  00 

Fcff  wortdng  expenses  of  five  boats,  10  months  each,  at  $4,000  per  month .     200,  000  00 

Total 385,000  00 

Jaly  1,  1877,  amonnt  available $9, 174  79 

Amoant  appropriated  by  act  approved  February  7,  1878 40, 000  00 

Amount  appropriated  by  act  approved  June  18,  1878,  viz : 

For  Miflsisfdppi  and  Arkansas  Rivers 170, 000  00 

ForMiasoun  River 70,000  00 

$289, 174  79 

inly  1,  1878,  amount  exjjended  during  fiscal  year 39,037  44 

July  1,  1878,  amount  available 250, 1*37  35 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880,  viz: 

For  Misswsippi  and  Arkansas  Rivers $260,  000  00 

ForMiaiouii  Eiver 125,000  00 

385,000  00 

(See  Appendix  M  1.) 
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2.  Improvement  of  Missouri  River  at  Fort  Leavenworth^  Kansas, — ^A 
heavy  and  threatening  erosion  of  the  Missouri  shore  at  this  locality 
renders  some  kind  of  bank  protection  necessary,  in  constructing  which 
it  is  projwsed  to  exx)end  the  appropriation  now  available.  No  survey 
of  the  locality  has  yet  been  made,  and  until  this  is  done  no  estimate  for 
the  completion  of  the  work  can  be  given. 

Amount  appropriated  by  act  approved  June  18,  1878 $25, 000  00 

July  1,  1878,  amount  available 25,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       35, 000  00 

(See  Appendix  M  2.) 

3.  Improvement  of  Missouri  River  at  Atchison^  Kansas. — The  survey 
made  at  this  locality  last  season  developed  the  necessity  of  protecting 
the  Missouri  shore  for  some  distance  above  the  railroad-bridge  in  order 
to  prevent  further  encroachments  of  the  river  which  threatened  the  safety 
of  the  bridge,  and  also  to  prevent  changes  in  the  channel  which  would 
render  the  bridge  impassable  for  vessels.  The  plan  projwsed  contemplates 
a  revetment  of  brush  mattresses  along  the  exi)osed  bank.  The  appro- 
priation made  for  work  at  this  point  is  smaller  than  the  estimate,  and  as 
extensive  changes  will  probably  take  place  during  the  present  high- 
water,  a  resurvey  has  been  ordered  to  decide  how  the  funds  appropria- 
ted can  be  expended  to  the  best  advantage,  and  also  to  enable  estimates 
to  be  made  for  the  prosecution  and  completion  of  the  work. 

Amount  appropriated  by  act  approved  June  18,  1878 $20,  000  00 

July  1,  1878,  amount  available 20,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 100, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jime  30, 1880 .  100, 000  00 

(See  Appendix  M  3.) 

4.  Improvement  of  Missouri  River  opposite  Saint  Joseph^  Missouri. — The 
object  of  this  improvement  is  to  stop  the  erosion  of  the  Kansas  shore  op- 
posite the  city  of  Saint  Joseph,  wluch,  if  allowed  to  go  on  unchecked, 
threatens  to  cut  off  a  narrow  neck  or  peninsula,  taking  the  river  away 
from  the  city  and  seriously  endangering  the  railroad-bridge  across  the 
Missouri  River  at  that  point. 

The  balance  of  the  allotment  of  $10,000  from  the  appropriation  for  the 
improvement  of  Mississippi,  Missouri,  and  Arkansas  Rivers  was  ex- 
pended during  the  past  season  in  strengthening  and  protecting  the  dikes 
already  erected  by  the  bridge  company,  and  in  protecting  the  banks  near 
these  dikes  by  a  revetment  of  brush  mattresses.  The  work,  so  far  as  car- 
ried out,  was  very  satisfactory,  and  it  is  proposed,  during  the  coming 
season,  to  continue  the  revetment  as  far  as  the  frinas  appropriated  will 
allow. 

July  1,  1877,  amount  available $9,098  81 

Amount  appropriated  by  act  approved  June  18,  1878 50, 000  00 

$59,  098  81 

July  1,  1878,  amount  expended  during  fiscal  year 9,098  81 

July  1,  1878,  amount  available 50,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 18, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      18, 000  00 

(See  Appendix  M  4.) 

5.  Improvement  of  Missouri  River  at  Nebraska  City^  Kehraska^  and  East- 
port^  Iowa. — ^The  object  of  this  improvement  is  to  change  the  i)osition  of 
the  river  channel,  in  order  to  restore  the  water-front  of  Nebraska  City, 
and  to  check  a  severe  bank  erosion  of  the  Iowa  shore  near  Easti^ort. 

The  small  amount  available  last  year  would  only  allow  of  the  con- 
struction  of  a  floating  dike  near  the  head  of  Gopeland's  Bend,  by  means 
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of  which  it  was  hoped  that  the  desired  change  in  the  position  of  the 
channel  might  be  at  least  initiated.  Owing  to  the  lateness  of  the  sea- 
son the  work  was  partially  destroyed  by  ice  before  its  effects  were  fully 
dereloped,  so  that  the  results  obtained,  althoagh  encouraging,  were  only 
partially  successful. 

Before  commencing  operations  during  the  coming  season,  it  has  been 
deemed  advisable  to  resurvey  the  loc^ty,  in  order  to  determine  the 
effects  of  the  summer's  flood  on  the  Missouri  Eiver.  Until  the  results 
of  this  survey  are  available,  and  a  definite  plan  is  decided  upon,  esti- 
mates for  the  completion  of  the  work  cannot  be  submitted. 

Jalj  1,  1877,  amount  available $11, 700  57 

Ainoant  appropriated  by  act  approved  June  18,  1878, 
viz: 
For  improving  the  Miasonri  River  at  Nebraska  City,  Nebr ...       20, 000  00 
For  the  improvement  of  the  Missouri  River  at  Eastport,  Iowa, 

and  Nebraska  City,  Nebr 20,000  00 

$51, 700  57 

July  1,  1878,  amount  expended  daring  fiscal  year 11,700  57 

•  

Jnly  1,  1878,  amount  available 40,000  00 


Imoimt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      85, 000  00 

(See  Appendix  M  5.) 

6.  Improvement  of  Missouri  Eiver  at  Omaha^  Nebraska^  and  Council 
Bluffs^  Iowa. — ^The  survey  made  last  year  at  this  locality  showed  that, 
owing  to  a  recently  formed  cut-off,  the  banks  of  the  river  near  Council 
Bluffs  and  Omaha  were  being  eroded  with  very  great  rapidity,  and  that 
much  valuable  i>roperty,  including  the  railroad-bridge  over  the  Missouri 
at  Omaha,  was  threatened  with  destruction.  A  plan  and  estimate  were 
sabmitted  for  the  protection  of  the  exposed  bank  near  Omaha,  where 
the  threatened  and  actual  damage  was  the  greatest. 

The  summer's  flood  on  the  Missouri  has  made  great  changes,  so  that 
it  is  somewhat  doubtful  whether  the  plan  originally  proposed  \\ill  be 
the  most  judicious  for  the  expenditure  of  the  present  appropriation.  To 
settle  this  point  a  resurvey  will  be  needed,  and  will  be  taken  in  hand  at 
oooe. 

Amonnt  appropriate  by  act  approved  June  18,  1878,  viz : 
For  tht)  Improvement  of  the  Miasonn  River  at  Council  Blufib, 

Iowa,  and  Omaha,  Nebr $50,000  00 

For  improving  the  Missouri  at  Omaha  City,  Nebr 30, 000  00 

$80, 000  00 


Jnlyl,  1878,  amonnt  available 80,000  00 


AzDonnt  (estimated)  required  for  completion  of  existing  project 130, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     130, 000  00 

(See  Api)endix  M  6.) 

7.  Improvement  of  Missouri  River  at  Sioux  Cityj  Iowa. — ^A  survey  of  this 
locality  was  made  in  May,  1878,  and  a  plan  submitted  for  checking  the 
erosion  of  the  bank  in  firont  of  the  city  by  a  revetment  of  brush  mat- 
^esses  extending  along  the  most  important  portion  of  the  city  front. 

A  resurvey  of  the  locality  will  be  made  to  determine  whether  any 
change  of  plan  is  necessary. 

Amonnt  appn>priated  by  act  approved  June  18,  1878 $12, 500  00 

Jnljl^  1878,  amoont  available 12,500  00 

Amount  (estimated)  required  for  completion  of  existing  project •  . . .  33, 774  00 

Amoont  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .  33, 800  00 

(See  Appendix  M  7.) 
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8.  Survey  of  Mmmiri  River  from  its  mouth  to  Sioux  City,  and  e«(i- 
matesfo^r  tlie  improvenient  and  maintenance  of  its  navigation. — Major  Suter 
is  charged  with  the  execution  of  this  survey,  which  will  be  taken  in 
hand  as  soon  as  possible.  The  appropriation  of  $50,000  made  for  the 
work  >\ill  all  be  expended  during  the  coming  season,  and  the  survey  will 
be  carried  as  high  as  Leavenworth,  Kans.  For  the  completion  of  the 
survey  $50,000  will  be  required. 

Amount  appropriated  by  act  approved  Juno  18,  1878 $50,  000  00 

July  1,  1878,  amount  available 50,000  00 

Amount  (estimated)  reauired  for  completion  of  existing  project 50,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  50,  000  00 

(See  Appendix  M  8.) 

9.  Improvement  of  Arkansas  River  at  Fort  Smithy  Arkansas, — During 
the  past  season  the  balance  of  the  allotment  of  $10,000  from  the  appro- 
priation for  impro\ing  Mississippi,  Missouri,  and  Arkansas  rivere  was 
expended  in  constructing  a  dike,  designed  to  remove  a  bar  which  ob- 
structs the  landing  at  Fort  Smith,  Ark.,  and  is  also  in  the  way  of  boats 
which  have  to  pass  above  Fort  Smith.  The  results  obtained  were  very 
satisfactory,  and  the  dike,  although  incomplete,  has  withstood  a  heavy 
flood  without  material  injurj^. 

During  the  coming  season  it  is  proposed  to  lengthen  the  dike,  and  also 
increase  its  height  and  width,  for  which  purpose  the  present  api)ropri- 
ation  \^ill  suffic^e.  When  this  work  is  completed,  it  is  thought  that  the 
object  of  the  improvement  will  be  attained,  and  that  no  further  appro- 
priation will  be  necessary. 

July  1,  1877,  amount  available ^,695  49 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

^ $19,695  49 

July  1,  1878,  amount  expended  during  fiscal  year 9,  695  49 

July  1,  1878,  amount  available 10,000  00 

(See  Appendix  M  9.) 

10.  Improvement  of  White  River ,  at  Buffalo  Shoals,  Arkansas. — The 
object  of  this  improvement  is  to  de«i)en  the  chamiel  where  it  flows  with 
great  velocity  over  a  long,  rocky  shoal.  The  bed  is  of  solid  rock,  cov- 
ered with  loose  bowlders,  and  the  low-water  deptli  is  about  6  inches. 

The  plan  approved  contemplates  the  construction  of  7  spur-dikes,  so 
located  as  to  hold  back  and  deepen  the  water  on  the  shoalest  plains,  and 
also  the  removal  of  rock  and  bowlders,  so  as  to  leave  a  clear  channel  of 
200  feet  in  width.  Work  has  been  much  delayed  during  the  past  season 
by  high  water,  and  is  still  in  progress,  only  three  of  the  proposed  dikes 
being  completed. 

The  balance  of  the  appropriation  of  $10,000,  made  by  act  approved 
August  14,  1876,  will  be  expended  in  removing  some  of  the  worst  ob- 
structions from  the  channel,  and  after  this  is  done  the  work  must  cease, 
as  no  appropriation  has  be^n  made  for  continuing  it. 

For  completing  the  work,  an  additional  appropriation  of  $10,000  will 
be  required. 

July  1,  1877,  amount  available. |9,  81(5  67 

July  1,  1878,  amount  expended  during  fiscal  year 8, 140  17 

July  1,  1878,  amount  available $1,676  50 

Amount  (estimated)  required  for  completion  of  existing  project ,...       10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       10, 000  00 

(See  Appendix  M  10.) 


REPORT   OF   THE   CHIEF   OF   ENGINEERS  93 

EXAMINATIONS  AND  SURYEYS  FOR  IMPROVEMENT. 

All  allotment  was  made  from  the  appropriation  of  August  14,  1876, 
for  Mi88issippi,  Missouri,  and  ALrkansa^  Kivers,  for  surveys  and  examina- 
turns  for  improvements  on  the  Missouri  River  at  Omahu  and  Council  Bluffs^ 
and  at  Pluttsmouth,  Brownville^  Atchison^  and  Sioux  City. 

Major  Suter  was  charged  with  the  execution  of  these  surveys,  and  his 
reports  thereon,  with  the  exception  of  the  last  named,  were  transmitted 
to  Congress  at  its  last  session,  and  printed  in  Senate  Ex.  Doc.  No.  30. 
They  will  all  be  found  in  Appendixes  M  11  and  M  12  of  this  report. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 1878, 
Major  Snter  has  been  charged  with  and  is  now  engaged  ui)on  examina- 
tions and  surveys  at  the  foUowing  localities,  the  results  of  which  will  be 
duly  submitted  when  received: 

1.  The  Missouri  River  at  Cedar  City^  in  Callaway  County^  Missouri, 

2.  Missouri  River  at  the  City  of  Saint  ChurleSj  Missouri. 

3.  The  Arkansas  River  from  Fort  Smithj  Arkansas,  to  the  mouth  of 
Little  Arkansas. 

4.  The  Missouri  and  Kansas  Rivers  at  and  near  their  junction. 

5.  The  Kansas  River  from  its  mouth  to  Junction  City,  Kansas. 

IMPROVEMENT  OF  MISSISSIPPI  RIVER  BETWEEN   THE  MOUTHS  OF  THE 
ELXJNOIS  AND   OHIO  RIVERS — IMPROVEMENT  OF  OSAGE   RIVER. 

Officer  in  charge.  Col.  J.  H.  Simpson,  Cori>s  of  Engineers,  having 
onder  his  immediate  orders  Capt.  Chas.  J.  Allen,  Corps  of  Engineers. 

1.  Improvement  of  Mississippi  River — Piasa  and  Alton  Dams. — ^The 
funds  available  for  these  works  were — 

BaUnee  July  1,  1877 $10,561  72 

which  was  applied  to  the  construction  of  Piasa  Dam  and  the  revetment 
of  the  head  of  Piasa  Island,  and  repairs  and  extension  of  the  abutments 
of  Alton  Dam,  as  follows : 

PUsa  Dam  and  Tevetment  of  Piasa  Island $8,  596  93 

Alton  Dam 1,  559  07 


10, 156  00 

Owing  to  favorable  conditions,  these  dams  are  now  virtuall j'^  complete, 
l€a\ing  the  $20,000  required  by  the  terms  of  the  act  approved  June  18, 
1878,  to  be  expended  between  the  Illinois  and  Missouri,  available  for  any 
new  work  which  may  be  thought  advisable  after  examination  of  the  river 
at  a  lower  stage  than  prevail^  at  the  time  this  report  was  made. 

Sairyer  and  Venice  Bends. — A  small  amount  of  work  was  done  at  Saw- 
yer Bend,  rendered  necessary  to  preserve  the  work ;  but  no  extension 
of  the  protection  has  been  possible  since  1875,  for  want  of  funds.  It  is 
intendcKi  to  resume  work  the  present  season  to  a  limited  extent. 

Xo  work  was  done  near  Venice,  and  none  is  contemplated. 

Closing  Cahokia  Chute. — At  the  beginning  of  the  fiscal  year  a  balance 
of  $8,641.39  remained  applicable  to  this  work.  The  revetments  were 
extended  and  repaired,  to  preserve  the  site  of  the  proposed  dam,  but  no 
work  has  yet  been  done  upon  the  dam  itself. 

The  act  approved  June  18, 1878,  having  provided  the  full  amount  of 
the  estimate  for  the  dam,  $75,000,  it  is  hoped  that  during  the  year  it  will 
be  well  advanced  toward  completion. 

Horsetail  Bar. — ^The  results  of  the  work  at  this  locality  of  previous 
years  were  on  tlie  whole  satisfactory  during  the  past  season.    For  a 
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few  days  a  serioas  difficulty  in  navigation  existed,  dne,  in  a  great  meas- 
ure, to  cliauges  resulting  from  the  work,  then  in  progress,  of  restoring 
one  of  the  dikes  which  had  settled.  After  this  temporary  disturbance 
was  removed,  the  channel  opened  and  gradually  improved ;  a  result  which 
it  is  hoped  to  maintain  hereafter. 

As  the  training-wall,  commenced  last  season,  progresses,  the  per- 
manence of  the  improvement  will  be  secured.  After  maintaining  the 
dikes,  the  work  of  tlie  coming  season  will  be  the  extension  of  this  train- 
ing-wall. 

Fort  Chartres  and  Turkey  Island. — No  work  was  done  on  these  dams 
during  the  past  year,  and  none  is  contemplated  the  present  fiscal  year. 

The  protection  of  Fish  Bend  is  essential  to  the  permanent  realization 
of  the  benefits  expected  to  result  from  these  dams. 

KdskasMa  Bend. — The  results  of  the  work  lafit  year  are  unsatisfactory. 
The  small  amount  set  apart  for  the  work  by  the  terms  of  the  appropria- 
tion did  not  allow  the  work  to  progress  far  enough  to  be  secure,  and  it 
is  feared  that  it  is  destroyed. 

The  appropriation  of  June  18,  1878,  sets  apart  $10,000,  which  it  has 
been  deemed  advisable  to  supplement  by  an  additional  allotment  of 
$10,000  from  the  fimds  left  to  be  distributed  by  the  department.  With 
this  amount  the  work  can  be  secured. 

Further  appropriations  will  be  much  needed  to  continue  the  work. 

Liberty  Island. — ^This  work  was  untouched  during  the  past  fiscal  year, 
and,  as  a  consequence,  the  upi)er  part  of  the  partially-completed  reve^ 
ment  has  received  material  injury.  The  ca\ing  has  extended  up  stream, 
rendering  extension  and  restoration  necessary. 

An  allotment  of  $20,000  has  been  made  for  the  present  fiscal  year. 

DeviVs  Island. — ^The  dams  at  this  island  are  reported  to  be  practically 
complete,  and  it  is  not  intended  to  commence  additional  works.' 

The  channel  during  the  year  remained  in  good  condition,  affording  no 
difficulty  to  skillful  and  capable  navigation. 

Dickey  Island  to  Cairo. — ^The  resulte  of  the  previous  ye^ir's  WDrk  have 
been  maintained  and  secured  by  such  extension  of  the  protection  as  the 
means  allowed  to  be  made.  These  results  are  gratifying,  as  the  locality 
afforded  a  severe  test  of  the  proposed  plan. 

Work  will  be  continued  to  the  fiill  extent  the  means  recently  provided 
will  allow,  and  it  is  hoi)ed  ftirther  appropriations  will  be  made,  that  the 
work  may  progress  until  complete. 

The  officer  in  charge  submits  an  estimate  of  $500,000  for  the  fiscal 
year  ending  Jime  30,  1880.  This  sum  would  complete  all  the  works  now 
in  progress  and  allow  some  new  ones  to  be  begun. 

The  appropriation  of  the  above  sum  is  recommended. 

July  1,  1877,  amount  available $106,404  14 

Amount  appropriated  by  act  approved  June  18,  1878 240, 000  00 

$346,  404  14 

July  1, 1878,  amount  expended  during  fiscal  year 90,  096  52 

July  1, 1878,  outstandine:  liabilities 1,274  48 

'  ^  : 91,37100 

July  1, 1878,  amount  available 255,  033  14 

Amount  (estimated)  required  for  completion  of  existing  project 6,  489, 600  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     500, 000  00 

(See  Appendix  N  1.) 

2.  Improvement  of  Osage  River. — ^Work  upon  this  river  has  been  sus- 
pended during  three  years  just  past ;  but  the  act  approved  June  18, 1878, 
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having  provided  the  sum  of  $20,000  for  its  further  improvement,  work 
will  be  resumed  daring  the  coming  season. 

There  being  no  definite  project  in  progress,  no  statement  of  estimated 
amount  to  complete  existing  project  can  be  given,  and  no  sum  recom- 
mended^for  the  fiscal  year  ending  June  30, 1880. 

Amoont  appropriated  by  act  approved  June  18,  1878 |20,000  00 

July  1,  1878,  amonnt  available 20,000  00 

(See  Appendix  N  2.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPEOVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Colonel  Simpson  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  received. 

1.  The  Mississippi  Elver j  to  ascertain  the  practi<:ahilityj  costj  and  utility 
of  a  dike  from  Bloody  Island^  opposite  the  city  of  Saint  XjouiSy  Mo.j  north 
to  the  dike  or  dam  opposite  Brooklyn^  on  the  Illinois  shore. 

2.  A  survey  and  estimate  of  the  damages^  if  any,  done,  or  to  be  done^  to 
riparian  otcners  of  lands  and  improvements  thereon^  at  or  in  front  of  the 
Uncn  of  Venice^  Ill.j  near  Saint  Louis,  Mo.j  by  reason  of  government  improve- 
fuents  madej  or  to  be  made,  at  or  near  said  toton  of  Venice, 

ntPROVEMENT  OP  MISSOURI  RIVER  ABOVE  MOUTH   OF  THE  YELLOW- 
STONE. 

OflScer  in  charge,  Lieut.  Edward  Maguire,  Corps  of  Engineers. 

At  Dauphin's  Eapids  a  channel  100  feet  wide  and  1,800  feet  long  has 
been  cleared  of  rocks. 

A  dam  130  feet  in  length  containing  200  cubic  yards  of  stone,  and 
tiiree  short  dams  containing  about  60  cubic  yards  of  stone,  have  been 
built. 

At  Cow  Island  all  of  the  rocks  were  removed  fix)m  the  channel,  and 
a  dam  built  419  feet  long,  containing  710  cubic  yards  of  stone. 

The  results  of  last  season's  work  are  apparently  favorable. 

During  the  coming  season  the  work  at  Dauphin's  Eapids  will  be  con- 
tmued  by  one  party.  Another  party  will  complete  the  projected  improve- 
ment at  "Cow  Island,  and  thence  proceed  to  Grand  Island  and  Two  Calf 
Island. 

Jnlyl,  1877,  amount  available $14,459  63 

Amount  appropriated  by  act  approyed  June  18,  1878 30, 000  00 

'  $44, 459  63 

JuIt  1,  1878,  amount  expended  during  fiscal  year 10, 838  50 

Joly  1,  1878,  outstanding  liabiUtiea    23  50 

10,  862  00 

July  1,  1878,  amonnt  available 33,597  63 

Amount  that  can  be  profitably  exx>ended  in  fiscal  year  ending  June  30, 1880 .      55, 000  00 

(See  Appendix  O.) 

BXAJiTNATIONS  AND  SURVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18. 
1878,  Lieutenant  Maguire  has  been  charged  with  and  is  now  engaged 
upon  an  examination  and  survey  of  the  Yellowstone  River,  the  result  of 
wiich  wiU  be  duly  submitted  when  received. 
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WORKS  OP  IMPROVEMENT  AT  VARIOUS  POINTS  ON  THE  UPPER  MIS- 
SISSIPPI RIVER  BELOW  SAINT  PAUL;  IMPROVEMENT  OF  GALENA, 
MINNESOTA,  CHIPPEWA,  AND  SAINT  CROIX,  RIVERS,  AND  OF  RED 
RIVER  OF  THE  NORTH;  PRESERVATION  OF  THE  FALLS  OF  SAINT 
ANTHONY  AND  IMPROVEMENT  OF  THE  MISSISSIPPI  ABOVE  THE  FALLS. 

Officer  in  charge,  Maj.  F.  U.  Farquhar,  Coips  of  Engineers.  The 
works  enumerated  in  this  section,  from  1  to  6,  inclusive,  were  in  charge 
of  Col.  J.  N.  Macomb,  Corps  Of  Engineers,  until  November  15,  1877. 

1.  Improvement  of  Upper  Mississippi  River. — ^During  the  year  the  United 
States  snag-boat  Montana  was  employed  as  in  former  years  in  removing 
snags  and  other  obstructions,  in  making  surveys  for  future  improvements, 
and  in  assisting  stranded  steamboats.  During  the  winter  a  map  of  the 
river  fit)m  Falls  of  Saint  Anthony  to  the  mouth  of  the  Illinois  Eiver 
was  prepared  for  publication  and  distribution  among  river  men. 

Observations  were  made  for  i*ecording  the  lowest  water  during  the 
low- water  season  (lowest  known  except  1864),  and  the  elevation  of  "low 
water  of  1877  "  was  obtained  and  referred  to  permanent  bench-marks  at 
61  stations. 

A  reconnaissance  of  the  Mississippi  River  was  made  between  the 
mouth  of  the  Illinois  and  Des  Moines  Kapids,  and  some  of  the  worst  bars 
were  examined. 

It  is  proposed,  with  the  funds  available,  to  operate  the  Montana  dur- 
ing the  season  of  navigation,  and  in  the  winter  build  a  new  hull  and 
transfer  her  machinery  to  it. 

The  officer  in  charge  asks  for  an  appropriation  of  $30,000  for  operating 
the  snag-boat  for  the  fiscal  year  ending  June  30,  1880. 

July  1,  1877,  amount  available $16,752  21 

Amount  appropriated  by  act  approved  June  18,  1878 41, 500  00 

$58,252  21 

July  1,  1878,  amount  expended  during  fiscal  year 14, 663  03 

July  1,  1878,  outstanding  liabilities 850  21 

^ 15,  513  24 

July  1, 1878,  amount  available 42,738  97 


Amount  that  can  be  profitably  expended  operating  snag-boat  in  fiscal  year 

ending  June  30,  1880 30,  000  00 

(See  Appendix  P  1.) 

2.  Improvement  of  Rock  Island  Rapids  in  Mississippi  River, — During 
the  months  from  July  to  November,  1877, 1,052  cubic  yards  of  rock  were 
broken  by  the  chisel  at  the  foot  of  Moline  Chain.  Adding  to  this  amount 
the  number  of  cubic  yards  broken  in  the  fall  of  1876  and  in  June,  1877, 
it  leaves  1,207  cubic  yards  to  be  removed  the  present  season,  and  in  ad- 
dition there  remains  to  be  dredged  2,505  cubic  yards  of  rock. 

The  amount  of  $30,000  appropriated  for  the  fiscal  year  ending  June 
30,  1879,  will  not  be  sufficient  to  close  the  work,  and  an  appropriation  of 
$20,000  will  be  required  for  the  fiscal  year  ending  June  30, 1880,  to  com- 
plete it 

July  1,  1777,  amount  available $14,762  87 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

144, 762  87 

July  1,  1878,  amount  expended  during  fiscal  year 11,505  00 

July  1,  1878,  outstanding  liabilities 406  50 

11, 911  50 

July  1,  1878,  amount  available , 32,851  37 


Amount  (estimated)  required  for  completion  of  existing  project 20,  000  00 

Amount  that  can  be  proiitably  expended  in  fiscal  year  enc&ng  June  30, 1880.     20,  000  00 

fSee  Appendix  P  2.) 
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3.  Protection  of  the  pierg  at  Rock  Island  Bridge  by  means  of  sheer-booms. — 
Two  sheer-booms  have  been  constructed.  One  750  feet  long,  furnished 
with  nidders  to  maneuver  it,  was  placed  above  the  right  pier  of  the  left 
raft-8i>an,  and  one  400  feet  long  was  hiuig  to  a  crib,  to  keep  vessels  from 
striking  the  rocks  abpve  the  left  draw-span  of  the  United  States  Gov- 
enunent  bridge^ 

The  total  cost  of  the  booms  was  $11,717.95. 

July  1,  1877,  amount  available $15,000  00 

July  1,  lf<78,  amount  expended  during  fiscal  year $11, 453  58 

Jnlv  1,  1878,  outstanding  liabilities  264  37 

11,717  95 

Jnly  1,  1878,  amount  available 3,282  05 

(See  Appendix  P  3.) 

4.  Improvement  of  harbor  at  Fort  Madison^  Iowa, — Work  during  the 
year  consists  in  the  partial  construction  of  a  dam  across  the  h^d  of 
Niota  Chute  and  some  shore  protection  at  both  ends  of  the  dam. 

It  is  projK>sed  during  the  present  season  to  complete  the  dam,  for 
which  about  2,500  cubic  yards  of  rock  will  be  necessary. 

July  L  1877,  amount  available  $9,636  57 

Amount  appropriated  by  act  approved  June  18,  1878 8,  000  00 

$17, 636  57 

July  1,  1878,  amount  expended  during  fiscal  year 9, 341  83 

July  1,  1878,  outstanding  liabilities 257  75 

9, 599  £8 

July  1,  1878,  amount  available  8,036  99 

AiD(»ant  (estimated)  required  for  completion  of  existing  project 12, 186  87 

Amount  that  can  he  profitably  expended  in  fiscal  year  enmng  June  30, 1880.     12, 186  87 

(See  Appendix  P  4.) 

5.  Improvement  of  Rush  Chute  and  of  harbor  at  Burlington^  Iowa. — 
Work  during  the  year  consisted  in  the  partial  construction  of  a  brush 
and  stone  dam  from  the  head  of  Eush  Island  to  Otter  Island,  and  some 
400  feet  of  shore-protection  on  Rush  and  Otter  islands. 

It  Ls  proposed  during  the  present  season  to  finish  the  dam,  for  which 
2,839  cubic  yards  of  rock  will  be  required,  and  to  do  such  work  as  may 
be  necessary  below  the  head  of  the  chute,  as  far  as  fimds  available 
▼ifl  go. 

Jnlj  1,  1877,  amount  available |9, 927  79 

AiDonnt  appropriated  by  act  approved  June  18,  1878 lo,  000  00 

|19, 927  79* 

Jnlv  1,  1878,  amount  expended  during  fiscal  year 9, 793  78 

July  1,  1878,  outstanding  liabilities 100  00 

9,893  78 

Jalyl,  1878,  amount  available 10,034  OL 

Ajaoimt  (estimate<l)  required  for  completion  of  existing  project 15, 221  70* 

AiQoant  that  can  be  profitably  expended  in  fiscal  yeftr  encbng  June  30, 1880 .     15, 221  70 

(See  Appendix  P  5.) 

6.  Removal  of  bar  in  the  Mississippi  River  opposite  Dubuque^  Iowa, — 
During  the  year  39,261  cubic  yards  of  sand  were  dredged  from  the  bar 
in  frorjt  of  the  steamboat  landing.  With  the  funds  available  the  dredg- 
H  wiJI  be  continued  during  the  present  season.  Not  less  than  $13,125. 
should  be  api>ropriated  for  the  fiscal  year  ending  June  30,  1880. 

7e 
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July  1,  1877,  amoant  available $14,416  82 

Amount  appropriated  by  act  approved  June  18,  1878 10,  000  00 

124,  416  82 

July  1,  1878,  amount  expended  during  fiscal  year 14, 383  65 

July  1,  1878,  amount  available ,., 10,033  17 

•  —    — 

Amount  (phtimated)  required  for  comnletion  of  existing  pnyect 13, 12o  00 

Amount  that  can  be  profitably  expendwl  in  fiscal  year  ending  June  30, 1880.     13, 125  00 

(See  Appendix  P  6.) 

7.  Improvei)i€nt  of  Mississippi  River  from  the  bridge  of  the  Chicago^ 
Mihcaui'ee  and  Saint  Pa td  Railroad j  above  La  Crosse^  IVwcoii^tn,  to  the 
mouth  of  Root  River ^  beloicsaid  city, — With  the  appropriation  of  June  18, 
1878,  it  is  proposed  to  close  the  chute  on  both  sides  of  Bates'  Island  and 
to  protect  the  head  of  Grand  Island.  The  amount  appropriated  will 
complete  this  work. 

Amount  appropriated  bv  act  approved  June  18,  1878 $12,  500  00 

July  1,  1878,  amount  available 12,  500  00 

(See  Api>endix  P  7.) 

A  comnumication  from  the  mayor  of  La  Crosse  having  been  referred 
to  this  office  by  the  honorable  Secretary  of  War,  urging  on  behalf  of 
the  citizens  of  that  place  tliat  some  action  be  immediately  taken  to 
avert  what  seemed  to  them  an  impending  calamity  caused  by  the  change 
in  the  channel  of  the  Missis8ij)pi  in  their  vicinity,  the  Boanl  of  Engineer 
Officers  constituted  in  1875  to  report  upon  the  location  of  the  Chicago, 
Milwaukee  and  Saint  Paul  Railroad  bridge  w^as  reconvened  to  report 
upon  the  condition  of  the  channel- way  and  the  causes  of  the  change** 
that  were  taking  place  in  the  bed  of  the  stream,  and  to  recommend  such 
works  and  measures  as  might  be  considered  proper  for  the  United  States 
to  uiulertake  to  restore  the  channel  to  its  former  position. 

The  report  of  tlie  board  will  be  found  in  Appendix  P  7. 

8.  Improvement  of  Galena  River  and  of  harbor  at  Galena^  Illinms. — ^The 
ai)i)ropriation  of  June  18,  1878,  will  be  expended  m  dredging,  and  it  is 
expected  will  be  sufficient  to  remove  about  60,0(K)  cubic  yards. 

The  officer  in  charge  recommends  an  appn)priation  of  $100,000  to  con- 
tinue this  dredging  during  the  fiscal  year  ending  June  30, 1880,  but,  from 
w^ant  of  infonnation  as  to  the  necessity  of  so  large  an  amount,  it  has 
been  reduced  in  this  office  to  $30,000. 

Amount  approi)ri»t<»d  by  act  approved  June  18,  1878 $30,  0(K)  00 

July  1,  1878,  amount  available 30,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 370,  (KX)  00 

Amount  that  can  be  profitably  expended  in  tiscal  year  ending  June  30, 1880, 

tiH  revised  in  this  ottice 30,000  00 

(See  Apx)endix  P  8.) 

9.  Widening  and  deepening  the  channel  of  Mississippi  River  from  J)es 
Moines  Rxipids  to  tlie  mouth  of  the  Illinois. — It  is  proposed  to  make  a 
thorough  sun^ey  of  the  river  between  Des  Moines  Ilapids  and  the  mouth 
of  the  Illinois  Kiver. 

The  officer  in  charge  recommends  an  appropriation  of  $100,000  for  the 
fiscal  year  ending  June  30,  1880,  for  the  contiiumtion  of  whatever  plan 
may  be  adopted  for  tlie  improvement  of  the  low-water  navigation  of  the 
river  between  these  points. 

Amount  appropriated  by  act  approved  June  18,  1878 flOO,  (KM)  00 

July  1,  1878,  amount  available 100,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     100, 000  00 

(See  Appendix  P  9.) 


REPORT    OP   THE   CHIEF   OF   ENGINEERS.  99 

10.  Widetdng  and  deepening  the  channel  of  Mississippi  Biverfrom  Saint 
Paul  to  Dcg  Moines  Rapids. — Work  has  been  commenced  in  localities 
where  the  worst  obstructions  to  navigation  exist. 

In  the  last  annual  report  from  this  office  a  preliminary  estimate  was 
sabmitted  for  a  comprehensive  system  of  improvement,  amounting  to 
$617,393.  The  officer  in  charge  recommends  an  appropriation  of  $250,000 
for  its  prosecution  during  the  fiscal  year  ending  June  30,  1880.. 

Amount  appropriated  by  act  approved  June  18, 1878 |250,  000  00 

July  I,  1»?78,  amount  available 250,000  00 

AnMont  (estimated)  required  for  completion  of  existing  project 367, 393  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.  250, 000  00 

(See  Appendix  P  10.) 

11.  Improvement  of  Falls  of  Saint  Anthony. — ^The  small  exploring  drift 
below  the  concrete  dike  was  completed  and  the  leakage  taken  into  a 
drain. 

The  west  slope  of  the  apron  was  removed  and  a  new  apron  built  in 
the  plane  of  the  center  slope  and  the  excavation  at  the  foot  of  the  apron 
fiDed  with  rock. 

The  apron  was  also  extended  85  feet  along  the  west  side  of  Hennepin 
Ldand. 

The  only  work  that  remains  to  be  done  is  a  wall  to  protect  the  sand 
rock  at  the  west  side  of  the  apron  and  some  slight  changes  in  the  dam 
west  of  Hennepin  Island.  Siifficient  funds  are  on  hand  to  complete  the 
work- 

July  1,  1877,  amount  available $58,498  40 

Jnlv  t,  1878,  amount  expended  during  fiscal  year |46, 795  01 

JolVl,  1878,  outstanding  liabilities 290  00 

47, 085  01 

JolyU  1878,  amount  available 11^413  39 

(See  Appendix  P  11.) 

12.  Improvement  of  Mississippi  River  above  the  Falls  of  Saint  Anthony. — 
During  the  season  of  1877  all  bowlders  were  removed  from  the  channel 
from  the  head  of  Smilar's  Bapids  to  Itaska,  a  distance  of  27  miles. 

Id  the  same  distance  2,771  linear  feet  of  brush  and  stone  dams  and 
1,190  linear  feet  of  shore  protection  were  constnicted. 

During  the  present  season  the  removal  of  bowlders  will  be  continued 
ag  far  as  MinneaiK)lis  and  the  brush  dams  built  in  1874  will  be  repaired. 

The  officer  in  charge  suggests  that,  if  the  work  is  to  go  on,  at  least 
♦50,000  be  appropriated  annually. 

Ju].T  1,  1877,  amount  available  |16,  710  02 

July  1,  1878,  amount  expended  during  fiscal  year $8,  387  92 

Jnly  1,  1878,  outstanding  liabilities 1,494  67 

'  9,882  59 

July  1,  1878,  amount  available 6,827  43 

imoont  (estimated)  required  for  completion  of  existing  project 124, 667  50 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .      50, 000  00 

See  Appendix  P  12.) 

13.  Construction  of  lock  and  dam  on  Mississippi  River  at  Meeker^s  Island^ 
Minnesota. — The  parties  holding  the  land-grant  not  having  made  any 
atteptable  release,  as  required  by  act  approved  March  3,  1875,  no  work 
has  been  done  here,  a«  the  funds  were  not  available. 

Jnlv  I,  1877,  amonnt  available $25,000  00 

JalV  I,  1878,  amonnt  available ^ 25,000  00 

Amtmut  (estimate<l)  required  for  completion  of  existing  project 922, 121  46 

(See  Appendix  P  13.; 
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14.  Improvement  of  Minnesota  River, — Snags  and  overhanging  trees 
were  removed  fi:x)m  29J  miles  of  the  river  below  Saint  Peter,  the  work 
being  done  by  contract.  There  is  no  commerce  on  the  river  above  Little 
Rapids  at  stages  of  low  water,  nor  will  there  be  until  the  creation  of 
slack-water  navigation.  At  least  $60,000  will  be  required  to  commence 
the  lower  lock  at  Little  Rapids. 

July  1,  1877,  amount  available |9, 963  36 

Amount  appropriated  by  act  approved  June  18,  1878 10,  000  00 

$19,963  36 

July  1,  1878,  amount  expended  during  fiscal  year 9, 727  95 

Julv  1,  1878,  outstandinx  liabilities 222  00 

^  '  ^  9,949  96 

July  1,  1878,  amount  available 10,013  41 

(See  Appendix  P 14.) 

15.  Improvement  of  Chippeiva  River ^  Wisconsin, — The  west  jetty  at 
the  mouth  of  the  river  has  been  completed,  and  405  feet  of  the  east  jetty 
built,  the  work  being  done  by  contract.  The  channel  has  been  greatly 
imi)roved,  and  after  the  completion  of  the  east  jetty  there  will  be  a  depth 
of  4  feet  at  low  water.  During  the  present  season  the  east  jetty  will  be 
completed,  and  a  trainhig-dam  built  above  the  head  of  the  jetties.  The 
five  high  sand-banks  below  Eau  Claire  should  be  protected,  and  the 
work  of  building  wing-dams  and  jetties  carried  on.  For  the  first  work 
$64,000  is  estimated  to  be  required,  and  for  the  latter,  $20,000. 

July  1,  1877,  amount  available |9, 971  82 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

119,971  82 

July  1,  1878,  amount  expended  during  fiscal  year 9,  881  18 

July  1,  1878,  outstanding  liabilities 50  00 

9,931  18 

July  1,  1878,  amount  available 10,040  64 

Amount  (estimated)  required  for  completion  of  existing  project 119,  892  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880, 
for  constructing  wing-dams  and  jetties 20,  000  00 

(See  Appendix  P 15.) 

16.  Improvement  of  Red  River  of  the  North, — All  snags,  drift-piles,  and 
overhanging  trees  were  removed  from  Moorhead  to  1  mile  north  of  Frog 
Point,  a  distance  of  120  miles  by  river. 

An  examination  of  the  river  was  made  from  Frog  Point  to  the  north- 
em  boundary-line. 

July  1,  1877,  amount  available $8, 545  37 

Amount  appropriated  by  act  approved  June  18,  1878 30,  000  00 

$38,545  37 

July  1,  1878,  amount  expended  during  fiscal  year 6, 960  66 

July  1,  1878,  outstanding  liabilities 20  00 

6,980  66 

July  1,  1878,  amount  available 31,  564  71 

Amount  (estimated)  required  for  completion  of  proposed  project 190,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June,  30, 1880 .     1 12,  000  00 

(See  Appendix  P 16.) 

17.  Improvement  of  Saint  Croix  River j  Wisconsin. — With  amount 
appropriated  by  aet  of  June  18,  1878,  it  is  proposed  to  build  the  brush 
and  stone  dams  and  to  remove  submerged  boom-piers  estimated  for  in 
report  of  examination  made  in  1874  (see  page  372,  part  1,  annual  report 
of  the  Chief  of  Engineers,  1875),  as  far  as  the  frinds  will  permit. 

The  estimate  for  this  improvement  was  $21,758. 
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Amount  appropriated  by  act  approvedJune  18,  1878 $10,000  00 

July  1, 1878,  amount  available 10,000  00 

Amount  ^estimated)  reauirt^d  for  completion  of  existing  project 11, 758  00 

Amonnt  tnat  can  be  prontably  expended  in  tiscal  year  ending  Jane  30, 1880 .  11, 758  00 

(S«e  Appendix  P  17.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  witJi  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Major  Farquhar  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  re<5eived. 

1.  Mis»uisippi  River  at  and  above  the  city  of  Alexaridria,  Missouri. 

2.  The  harbor  at  Quincy,  Illinois. 

The  same  act  also  provides. for  an  examination  of  the  sources  of  the 
Mimssippi  River  and  of  the  Saint  Croix  River  in  Wiscotisin  and  Minnesota^ 
and  of  the  Chippewa  and  Wisconsin  rivers  in  the  State  of  Wisconsin,  to 
determine  the  practicability  and  cost  of  creating  and  maintmning  reservoirs 
«jK>ii  the  headwaters  of  said  rivers  and  their  tributaries  for  the  purpose  of 
relating  the  volume  of  water  and  improving  the  navigation  of  said  rivers 
aid  that  of  the  Mississippi  River ,  and  an  estimate  of  the  damage  to  result 
therefrom  to  property  of  any  kind.  This  has  been  assigned  to  Capt.  0.  J. 
ADen,  Corps  of  Engineers,  and  is  in  progress. 

IMPR0VE3£ENT  OF  THE  DES  MOINES   RAPIDS  OF  MISSISSIPPI  RIVER. 

OflScer  in  charge  up  to  November  16, 1877,  Col.  J.  N.  Macomb,  Corps 
of  Engineers,  having  under  his  immediate  orders  Capt.  Amos  Stickney, 
Corps  of  Engineers,  since  which  the  work  has  been  in  charge  of  Capt. 
Amos  Stickney,  Corps  of  Engineers. 

During  the  first  part,  of  the  season  the  work  was  principally  confined 
to  those  portions  which  would  i)ermit  the  opening  of  the  canal  to  naviga- 
tion. The  canal  was  opened  to  the  public  August  22,  1877,  and  ha^s 
siiK*  been  in  constant  use  with  the  exception  of  about  thirty  days  in 
the  faU  of  1877,  when  it  was  closed  to  make  repairs  to  the  lock  niiter- 
sIM,  and  from  December  10, 1877,  to  March  15,  1878,  on  account  of  the 
▼inter  cessation  of  navigation  on  the  upper  river. 

The  work  has  consisted  of  finishing  lock-gates  and  placing  machinery; 
bdlding  face  of  riprap  wall  on  canal  embankment ;  clearing  out  cross- 
bonks  and  obstructions  at  entrances  of  canal,  and,  since  the  opening,  in 
operating  and  maintaining  the  work. 

Jnly  1,1877,  amount  available  $105,650  30 

Amoont  appropriated  by  act  approved  April  30,  1878 7, 500  00 

Ainotmt  appropriate  by  act  approved  June  18,  1878 95, 000  00 

$208, 150  30 

JqIt  1, 1878,  amonnt  expended  during  fiscal  year 102, 861  15 

Jnlv  1,  1878,  outstanding  liabUities * 5,328  65 

108, 189  80 

^  July  1. 1878,  amount  available 99,960  50 

i  = 

^  Amount  required  (estimated)  for  completion  of  existing  pro- 
ject- 
To  replace  operating  expenses  during  year  ending  June 

30,1878 40,065  00 

To  replace  operating  expenses  during  year  ending  June 

30,1879 40,000  00 

Additional. 12,000  00 

92, 065  00 

Amount  required  for  operating  and  maintenance  of  canal  for  year  ending 
Jane30,1880 40,000  00 


f. 


Amonnt  that  can  be  profitably  expended  in  year  ending  June  30,  1880. ..     132,  065  00 

(See  Appendix  Q.) 
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IMPEOVElffENT  OF  THE  TENNESSEE  AND  CUMBERLAND  RIVERS ;  OF 
COOSA  RIVER,  OEORGIA  AND  ALABAMA;  OF  HIAWASSEE  RIVER, 
TENNESSEE;  AND  OF  OCMULOEE,  OOSTENAULA,  COOSAWATTEE, 
ETOWAH,   AND  OCONEE  RIVERS,  GEORGIA. 

Officer  in  charge,  Capt.  William  R.  King,  Corps  of  Engineers,  with 
Gapt.  L.  Cooper  Overman  and  Lieut.  W.  L.  Marshall,  Corps  of  Engineers, 
under  his  immediate  orders. 

1.  Improvement  of  Tennessee  River, — a.  Above  Chattanooga. — ^There  be- 
ing no  ftinds  applicable  to  this  work,  nothing  was  done  during  the  fiscal 
year  until  the  appropriation  of  June  18,  1878,  became  available,  when 
steps  were  taken  to  reorganize  working-parties  and  provide  the  neces- 
sary equipment  of  boats,  tools,  and  other  supplies. 

It  is  hoped  that  before  the  close  of  the  present  low- water  season  con- 
siderable work  will  be  done  at  Chota  Shoals  and  other  points  below 
Knoxville.  The  improvement  of  this  part  of  the  river  is  very  much 
needed,  and  the  plan  adopted  is  a  continuation  of  that  heretofore  suc- 
cessfully ai)i)lie<l  on  this  river  and  elsewhere,  and,  owing  to  the  excep- 
tional permanence  of  the  river-bed,  the  improvements,  when  once  com- 
pleted, will  require  only  occasional  minor  repairs  for  many  years  to 
come. 

There  has  been  appropriated  for  this  work  $180,000.  Of  this  amount 
$104,928.83  have  been  expended. 

July  1,  1877,  amoant  available $167  28 

Amount  appropriated  by  act  approved  June  18,  1878 16, 000  00 

$15, 167  28 

July  1,  1878,  amount  expended  during  fiscal  year 96  11 

July  1,  1878,  outHtanding  liabilities 71  17 

167  28 

July  1,  1878,  amount  available 15,000  00 

Amtmnt  (estimated)  required  for  completion  of  existing  project 45,  000  00 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.     35,  000  00 

6.  Below  Chattanooga. — ^Work  on  this  part  of  the  river  has  been 
continued  during  the  year,  partly  under  contract  and  partly  by  hired 
labor. 

The  masonry  of  three  locks,  300  feet  long  by  60  feet  wide,  ha«  been 
completed,  and  the  contractor  for  building  five  more  locks  of  similar 
dimensions  has  made  a  beginning  on  four  of  the  number. 

Some  hea\^  work  in  quarrying,  channel  excavation,  &c.,  has  been 
done  by  hired  labor  at  Elk  River,  Little  Muscle  Shoals,  and  Colbert 
Shoals,  of  which  the  following  are  the  principal  items: 

14,829  cubic  yards  of  rock  quarried  for  dams. 
5,082  cubic  yards  of  rock  quarried  and  put  in  dams. 
8,410  cubic  yards  of  rock  excavated  from  channel. 

The  officer  in  charge  states  that  the  work  can  probably  be  completed 
tor  a  much  smaller  sum  than  originally  estimated. 

July  1,  1877,  amount  available    $431,  670  96 

Amount  appropriated  by  act  approved  June  18,  1878 300,  000  00 

t731,  670  96 

July  1,  1878,  amount  expended  during  fiscal  year 213,  643  46 

July  1,  1878,  outstanding  liabilities 20, 059  58 

233, 703  04 

July  1,  1878,  amount  available 497,  967  92 

Amount  (estimated)  recjuired  for  completion  of  existing  project 2, 797, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     700, 000  00 

(See  Appendix  S  1. ) 


REPORT  OF  THE  CHIEF  OF  ENGINEERS.         103 

2.  Improvement  of  Cumberland  River. — a.  Beloic  Nashville. — No  work  was 
done  on  this  section  during  the  fiscal  year,  the  available  fiinds  being 
exhaustcil.  Working-])artie8  are  now  organized  for  continuing  work  by 
himl  labor  at  Hari^eth  Shoals,  at  Dover  Island  Shoals,  and  other  points. 

Julyl,  1"?77,  amount  available $336  63 

AiDcmiit  appropriated  bv  act  approved  June  18,  1878 45, 000  00 

$45,  :«6  63 

Jttly  1.  l'^^,  amount  expended  during  fiscal  year ,.  328  00 

Jalyl,  1878,  amount  available 45,008  63 

Amount  (estimated)  re«iuired  for  completion  of  existing  project 103,  821  00 

Arnoimt  that  can  Vh»  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       70,  000  00 

Cumberland  River  above  Nashville. — b.  From  Nashville  to  the  Kentucky 
line, — Work  on  this  section  was  carried  on  at  Sand  Shoals,  Cnb  Creek 
Sboiils,  Bartlett's  Bar,  and  Holliman's  Island  Shoals.  At  tliese  points 
3,508  cubic  yards  of  rock  and  gravel  were  excavated  from  the  channel ; 
91  logs  and  overhanging  trees  removed ;  1,817  cubic  yards  of  stone  dams 
built ;  and  307  cubic  yai'ds  of  stone  quanied  for  dams. 

July  1,  l>^,  amount  available $7, 18*2  27 

Auvmut  appropriate<l  by  act  approved  June  18,  1878 20,  000  00 

127, 182  27 

July  1,  1878,  amount  exiHjnded  during  fiscal  year  7, 174  46 

Jnlyl,  1878,  amount  available 20,007  81 

Aoonnt  (eiitimated)  required  for  completion  of  exlRting  project 87, 155  00 

AfflDunt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       60,  000  00 

f.  From  the  Kentnelcy  line  to  SniitK^s  Shoals, — Work  on  this  section  was 
done  at  Wild  Goose  Shoals  by  excavating  3,258  cubic  yards  of  rock  and 
^vel  from  the  c^haimel ;  350  snags  and  overhanging  trees  were  also 
removed ;  220  cubic  yards  of  rock  quarried,  and  780  cubic  yards  of  dam 
coni<tnicted. 

Jnlyl,  l'^7,  amount  available $^,752  20 

AoMtimt  appropriated  by  act  approved  June  18,  1878 8,  000  00 

116, 752  20 

July  I,  1878,  amount  expended  during  ftHcal  year.*... 8,741  30 

Jnlyl,  1878,  amount  available 8,010  90 

Amount  (estimated)  required  for  completion  of  existing?  project 73,  (J09  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       50, 000  00 

d.  A  t  Smith'^s  Shoals. — ^The  work  carried  on  consisted  of  excavating  1 ,050 
cubic  yanls  of  roc*,k  fi:x)m  channel ;  quarrying  1,020  cubic  yai'ds  of  stone ; 
placing  9,600  cubic  yards  of  stone  in  dams ;  and  building  950  cubic  yards 
of  dam  at  Mill  Shoal. 

JnW  1,  1877,  amount  available $17, 572  89 

Amouut  appropriated  by  act  approve<l  June  18,  1878 * .     30, 000  00 

$47, 572  89 

Jnly  1, 1878,  amount  expended  during  fiscal  year 17, 625  52 

July  1,  l!?78,  amount  available 29,947  37 

Amount  (estimated)  required  for  completi<m  of  existing  project 15, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.     15, 000  00 

f.  From  Smith'^s  Shoals  to  the  Falls  of  the  Cumberland. — On  this  section 
alMmt  1,650  cubic  yards  of  rock,  consisting  of  dangerous  bowlders,  &c., 
were  removed  from  the  channel. 
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July  1,  1877,  amount  available , $2,  000  00 

Amount  appropriated  by  act  approved  June  18,  1878 2,  000  00 

$4,000  00 

July  1,  1878,  amouqt  expended  during  fiscal  year 1, 978  68 

July  1,  1878,  amount  available 2, 021  32 

(See  Appendix  S  2.) 

3.  Improvement  of  Hiawassee  River. — Good  progress  was  made  until 
the  appropriation  became  nearly  exhausted  in  October. 

The  work  was  carried  on  principally  at  Mathew's  Shoals,  Magil-8 
Island  Shoals,  and  Blackbird  Shoals.  About  403  cubic  yards  of  rock 
and  gravel  were  excavated  from  the  channel,  879  cubic  yards  of  rock 
quarried,  and  2,784  cubic  yards  of  rock  were  placed  in  dams.  Also  a 
large  number  of  logs,  bowlders,  &c.,  were  removed.  Work  was  resumed 
in  June. 

July  1,  1877,  amount  available |9, 718  80 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$19, 718  80 

July  1,  1878,  amount  expended  during  fiscal  year 9,  (>78  75 

July  1,  1878,  amount  available 10,040  06 

Amount  (estimated)  required  for  completion  of  existing  project 10,  (X)0  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     10,  000  00 

(See  Appendix  S  3.) 

4.  Improvement  of  Coosa  River ^  Georgia  and  Alabama. — In  consequence 
of  continued  high-water,  oi>eration8  were  carried  on  only  during  six 
months  of  the  fiscal  year  at  Horseleg  Shoals,  Turkey  Town  Island 
Shoals,  Copperas  Blulfs,  Cross  Shoals,  Grecnsport  Reefs,  and  Mill 
Shoals.  The  work  done  at  these  points  consisted  of  excavating  1,679 
cubic  yards  of  rock  and  gravel  and  removing  29  dangerous  snags  from 
the  channel,  and  in  building  894  linear  feet  of  riprap  dams,  1,525  linear 
feet  of  crib-dams,  and  300  linear  feet  of  brush  and  gravel  dams.  A 
large  quantity  of  rock  was  also  quarried  for  building  dams. 

A  careful  siin^ey  was  made  of  Whisteuant's  Shoals  and  Ten  Island 
Shoals,  in  onler  to  locate  the  dams  and  locks  necessary  for  their  improve- 
ment. Plans  and  siiecifications  of  the  locks  are  ready,  and  the  lock-work 
will  l>e  placed  under  contract  at  once. 

July  1,  1877,  amount  available $29,760  59 

Amount  ai)propriated  by  act  approved  June  18,  1878 75,  000  00 

104, 760  59 

July  1,  1878,  amount  expended  during  fiscal  year 15,  911  26 

July  1,  1878,  outstanding  liabilities \ 1,805  74 

17,717  00 

July  1,  1878,  amount  available 87,04:^  59 

Amount  (estimated)  required  for  completion  of  existing  project 447, 1M7  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     150, 000  00 

(See  Appendix  S  4.) 

5.  Improvement  of  Oostenaula  and  CoosawatteeRivers^  Georgia, — Ko  work 
waa  done  during  the  fiscal  year  for  want  of  fimds. 

Preparations  are  being  made  to  i^epair  and  extend  the  wing-dams, 
where  most  needed,  during  the  present  low  water  season. 

Amount  appropriated  by  act  approved  June  18,  1878 $4,  000  00 

July  1,  1678,  amount  available 4,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 9, 203  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  9, 208  50 

(See  Appendix  S  5.) 
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6.  Improvement  of  Utotcah  River,  Oeorgia. — An  examination  of  this 
river  was  made  in  July,  1877.  The  appropriation  available  being  so 
small  and  the  work  to  be  done  so  extensive,  no  economical  expenditure 
of  the  amount  could  be  devised.  A  special  allotment  having  been  made 
for  an  instrumental  survey  of  this  river,  a  specific  project  with  estimates 
will  be  submitted  as  soon  as  practicable. 

Joly  1, 1877,  amount  available $10,000  00 

July  1,  ls?78,  amount  expended  during  fiscal  year 59  73 

Jnly  1,1878,  amount  available 9,940  27 


Amoant  (estimated)  required  for  completion  of  existing  project.   (Project 
incomplete.) 

(See  Api)endix  S  6.) 

7.  Improvement  of  Ocmulgee  River,  Oeorgia. — During  the  fiscal  year 
about  420  snags  have  been  removed  from  the  channel,  and  360  over- 
hanging trees  have  been  cut  down  and  removed  out  of  reach  of  high 
water.  The  channel  has  been  straightened  and  deepened  at  various 
places  above  and  below  Hawkinsville. 

July  1, 1^7,  amount  available $14,953  33 

Amoant  appropriated  by  act  approved  June  18,  1878 15,  000  00 


JdIt  1, 1878,  amoant  expended  during  fiscal  year 12,  966 '  02 

July  1, 1878,  outstanding  liabilities 484  55 


(29,953  33 
13,  450  57 


July  1,1878,  amoant  available 16,502  76 


Amonnt  (estimated)  required  for  completion  of  existing  project 26,  240  00 

ifflooDt  that  c-an  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      26, 240  00 

(See  Apjiendix  S  7.) 

8.  Improvement  of  Oconee  River,  Oeorgia. — The  appropriation  of  June 
1%  1878,  being  the  first  one  applicable  to  this  river,  no  work  has  yet 
been  done,  but  preparations  are  now  being  made  for  commencing  the 
work  of  clearing  the  channel  of  logs;  of  cutting  down  overhanging 
twes;  and  making  "cut-offs''  between  bends  of  the  river  where  most 
advantageous. 

Affioant  appropriated  by  act  approved  June  18, 1878  .-• $10, 000  00 

Joly  1,  1878,  amount  available 10,000  00 

AiBoant  (estimated)  required  for  completion  of  existing  project 5,  000  00 

loioant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  5, 000  00 

(See  Appendix  S  8.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Captain  King  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
till  be  duly  submitted  when  received 

1.  Canetfg  Fork  and  Obetfs  Rivers,  Tennessee. 

2.  Etowah  River,  Oeorgia. 

3.  The  Falls  of  the  Cumberland,  Kentucky. 

4.  Cketttahoochee  River,  Oeorgia,  above  Columbus. 

MPEOVEMENT  OF  THE  NAVIGATION  AT  THE  FALLS  OF  OHIO  RIVER — 
SUPERINTENDENCE  AND  MANAGEMENT  OF  THE  LOUISVILLE  AND 
PORTLAND  CANAL. 


Officer  in  charge,  Maj.  G.  Weitzel,  Corps  of  Engineers,  with  Capt. 
ITisbet  Lee,  Corps  of  Engineers,  under  his  immediate  orders. 


A. 
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During  the  temporary  absence  of  Major  Weitzel,  from  May  15, 1878, 
these  works  were  under  the  charge  of  Capt.  Alexander  Mackenzie,  Corps 
of  Engineers. 

1.  Improvement  of  the  Falls  of  Ohio  River. — ^During  the  year,  5,659  cubic 
yards  of  stone,  817  cubic  yards  of  e^rth,  and  an  iron  barge  were  removed 
from  the  head  of  the  canal,  completing  the  excavation  at  that  i)oint. 

The  cross-dam  at  the  crest  of  the  falls  was  extended  128  feet,  and  boti 
wing  and  cross  dams  were  thoroughly  repaired. 
No  further  appropriation  is  required  for  this  work. 

July  1,  1877,  amount  available |82, 650  6 

July  1,  1878,  amount  expended  during  fiscal  year 35, 290  0 

July  1,  1878,  amount  available 47, 360  i 

(See  Appendix  T 1.) 

2.  Superintendence^  managementy  and  repair  of  the  Louisville  and  Por 
land  Canal. — During  the  year,  4,772  boats  have  b^en  passed  through  tl 
canal ;  new  guard-gates  completed,  and  new  winding-macliinery,  frictioi 
drums  and  chains  have  been  put  in ;  a  new  cistern  has  been  built,  ar 
the  fire  department  improved :  an  office  for  the  superintendent  has  be( 
completed;  grading  and  sodding  the  lock-banks  has  been  continuec 
the  middle  miter-sills  were  extensively  repaired,  and  the  work  of  ii 
proving  the  old  locks  by  converting  three  chambers  into  two  was  coi 
menced. 

Tolls  were  reduced  about  one-fifth  February  4, 1878,  but,  notwithstan 
ing,  the  surjilus  of  receipts  over  expenditures  has  continued  to  increas 
(See  Appendix  T  2.) 


IMPROVEMENT  OF  OHIO  EIVEE ;  OF  MONONGAITELA  RIVER,  WEST  VI 
GINIA  AND  PENNSYLVANIA;  OF  LITTLE  KANAWHA  AND  GUYANDOT: 
RIVERS,  WEST  VIRGINIA;  OF  BIG  SANDY  RIVER,  KENTUCKY,  AND  CO 
STRUCTION  OF  HARBOR  AT  OR  NEAR  CINCINNATI,  TO  PROTECT  TI 
COISIMERCE  OF  THE  OHIO  RIVER  FROM  FLOES   OF  ICE. 


Officer  in  charge,  Maj.  William  E.  Merrill,  Corps  of  Engineers,  w] 
has  under  his  immediate  orders  Lieut.  F.  A.  Mahan,  Corps  of  Engineei 
In  temporary  charge  of  Lieutenant  Mahan  since  March  25,  1878. 

1.  Improvement  of  the  Ohio  River. — The  repairs  on  the  old  dike 
White's  Ripple,  begim  last  season,  were  continued  during  the  year,  ai 
the  dike  was  extended  1,808  feet,  at  a  height  of  6 J  feet  above  low  wat4 
The  work  of  the  i)a«t  two  seasons  has  stood  well.  It  is  proposed,  di 
ing  the  low  water  season  of  this  year,  to  extend  the  dike  a  farther  di 
tance  of  1,500  feet,  and  to  raise  the  transverse  dam  comiecting  it  wi 
the  left  bank  of  the  river  to  the  height  of  the  dike. 

The  snag-boat  E.  A.  Woodruff  removed  fix)m  the  channel  of  the  rive 
during  the  season  of  1877, 1,037  snags  and  51  wrecks,  the  largest  suj 
weighing  86  tons,  the  average  weight  being  8J  tons. 

The  (&edges  Ohio  and  Oswego  have  done  the  following  dredgii 
during  the  fiscal  year : 

Cubic  yai 

Head  of  Raccoon  Island * - 4,  f.tit 

Foot  of  Gallipolis  Island * 34,  851 

Foot  of  Raccoon  Island 2,  \Al 

Cullum's  Ripple.   2:5,821: 

Cumberland  I)am '....» 16,  48^ 

Total 81,87£ 
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And  have  also  removed  8  wrecks  and  12  snags. 

The  land  required  for  the  site  of  the  movable  dam  at  Davis  Island 
ha8  been  obtained  at  a  cost  of  $14,95**5,  and  it  is  proi>osed  during  the 
present  season  to  commence  the  const  miction  of  the  dam  and  also  the 
inprovement  at  the  Grand  Chain,  for  which  special  provision  was  made . 
in  tie  river  and  harl)or  act  of  Jmie  18,  1878. 

The  dike  at  "The  Trap"  will  be  completed,  that  opposite  the  foot  of 
Bleunerhassett's  Island  repaired,  and  that  at  Evansville  extended  a 
ferther  distance  of  500  feet. 

The  recommendation  of  the  officer  in  charge  that  the  wooden  hull  of 
the  (Iredge  Ohio  be  replai^ed  by  an  iron  hull  is  concurred  in.  He  sub- 
mits the  following  estimate  for  the  fiscal  year  ending  June  30,  1880: 

Tocomplete  movable  dam  at  Davis  Island $254,  593  00 

Dikes  at  Foiir  Mile,  Portlaud,  Puppy  Creek,  and  Casey  ville 115,  500  00 

Bemoval  of  steamboat  wrecks 20,  000  00 

Kew  huU  for  dredge  Ohio 26,000  00 

Banning  expenses  of  snag-boat  and  dredges  8  months,  at  $6,000 48,  000  00 

Office  expenses  and  contingencies 35, 907  00 

Total 500,000  00 


Jalv  1,  1877,  amount  available,  including  $6,924  due  on  out- 

staniling  liabilities $181,443  36 

Amount  appropriated  by  act  approved  June  18,  1878 300,  000  00 

$481,  443  36 

Jttlv  1,  1878,  amount  exx>euded  duiing  fiscal  year 91,  'X^  31 

Julvl,  1878,  outstanding  Uabilities 391  72 

91, 728  03 

JiiJj  1, 1878,  amount  available 389,715  33 


Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 ,     500,  000  00 

(See  Appendixes  U  1  and  U  4.) 

In  connection  with  the  question  of  the  construction  of  the  first  mova- 
ble dam  across  the  Oliio  below  Pittsburgh,  a  report  of  a  Board  of  P^ngi- 
neer  Officers  to  examine  and  report  upon  the  plan  of  a  lock  and  gate 
proposed  to  be  substituted  by  Major  Merrill  for  the  lock  and  gate  here- 
tofore approved  will  be  found  in  Appendix  U  1. 

2.  Improvement  of  MonongaheJa  River ^  West  Virginia. — Nothing  was 
done  upon  this  improvement  durmg  the  fiscal  year  for  want  of  funds. 

The  river  and  harbor  act  of  June  18, 1878,  contained  an  appropriation 
of  825,000,  which  will  be  applied  to  the  completion  of  the  lock  at  Hoard's 
Kecks. 

The  officer  in  charge  submits  an  estimate  of  $115,000  to  build  a  lock 
at  Laurel  Bun. 

July  1, 1877,  amount  available $519  54 

Amoant  appropriated  by  act  approved  Juue  18,  1878 25,  000  00 

>  July  1, 1878,  amount  expended  during  Hscal  year 240  00 

I  July  1,  1878,  outstanding  Uabilities 2,903  15 

3, 143  15 

July  1, 1878,  amount  available 22,376  39 

(See  Api)endix  U2.) 

3.  Improrement  of  Little  Kanawha  River ^  West  Virginia, — The  work  of 
removing  obstructions  from  the  bed  of  this  river  was  vigorously  prose- 
cuted and  its  condition  was  greatly  improved.  The  Beaver  and  Nailor 
Bend  Koeks  were  removed  by  contract,  and  the  following  work  was  done 
by  hired  labor : 
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2, 282  cubic  yards  of  brush  and  stoue  dikes  wore  built. 
4, 114  cubic  yards  of  stone  were  removed. 
1, 676  cubic  yards  of  earth  were  removed. 
3, 128  leaning  trees  were  cut  down. 
3,  871  saplings  were  cut  down. 
2,  927  snags  were  taken  from  the  channel. 
46  cords  of  drift  were  removed. 
735  trees  were  trimmed. 
12  acres  of  island  bar  were  grubbed. 

A  portion  of  the  ai)propriatioii  of  $18,000,  made  by  the  river  and  harbor 
act  of  June  18,  1878,  will  be  applied  to  the  removal  of  obstiiictions  from 
the  channel,  and  to  the  completion  of  observations  necessary  to  the 
selection  and  proper  location  of  site  for  a  lock  and  dam,  to  be  hereaito 
submitted.  An  estimate  of  $08,270  for  completing  the  lock  and  dam 
is  submitted  by  the  officer  in  charge. 

July  1, 1877,  amount  available,  including  $550  due  on  outstanding 

liabiUties $7,300  00 

Amount  appropriated  by  act  ai>i)roved  June  18,  1878 18, 000  00 

$25,300  00 

July  1,  1878,  amount  expended  during  fiscal  year 6, 369  31 

July  1,  1878,  amount  available... 18,930  69 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     68, 270  00 

(See  Appendixes  U  3  and  U  4.) 

4.  Improvement  of  Ouyandotte  River,  West  Virginia. — An  appropriation 
of  $2,000  was  made  by  the  act  of  June  18,  1878,  for  the  improvement  of 
this  river,  and  will  be  applied  to  the  removal  of  snags,  rocks,  and  other 
obstructions  from  its  channel  by  means  of  hired  labor  and  machinery. 

Amount  appropriated  by  act  approved  June  18,  1878 $2,  000  00 

July  1,  1878,  amount  available - 2,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880. .     2^  000  00 

5.  Improvement  of  Big  Sandy  River  from  Catlettshurgj  Kentucky^  to  the 
head  of  navigation. — An  ai>propriation  of  $12,000  was  made  by  the  act 
of  June  18,  1878,  for  this  improvement,  which  will  be  applied  to  the 
removal  of  obstructions  to  its  navigation  by  means  of  hired  labor  and 
machinery. 

Amount  appropriated  by  act  approved  June  18,  1878 $12,  000  00 

July  1,  1878,  amount  available 12,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     40,  000  00 

6.  Construction  of  harbor  or  harbors  of  refuge  from  ice-floes  at  or  near 
Cincinnati,  Ohio, — The  river  and  harbor  act  of  June  18,  1878,  contained 
an  appropriation  of  $50,000  for  the  construction  of  this  harbor.  The 
importance  of  this  work,  and  the  large  sum  which  must  necessarily  be 
expended  in  its  construction,  rendered  it  advisable  that  it  be  referred  for 
consideration  to  a  Board  of  Engineer  Officers.  When  the  report  of  the 
board  is  received  it  will  be  submitted  to  the  Secretary  of  War,  with 
request  that  it  be  transmitted  to  Congress. 

Amount  appropriated  by  act  approved  June  18,  1878 $50,  000  00 

July  1,  1878,  amount  available 50,000  00 

(See  Appendix  U  5.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

• 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Major  Merrill  has  been  charged  with  and  is  now  engaged  ui>on 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  receiv^ed : 

1.  The  Muskingum  River,  Ohio,  below  the  second  dam,  to  ascertain  its 
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)tMityfor  an  iee-harbor^for  the  protecti^m  of  steamers  and  other  craft 
\e  Ohio  River. 

The  Allegheny  River ,  up  to  the  month  of  French  Creek, 
The  Kiskimineta^  and  Conemaugh  Rivers^  Pennsylvania^  from  the 
'h  of  the  Kiskiminetas  to  the  fnouth  of  Stony  Creek  on  the  Conemaugh. 
The  Kentucky  River  and  navigable  tributariesj  Kentucky, 
The  Licking  River^  Kentucky. 

IMPROVEMENT  OF  WABASH  RIVER,  INDIANA. 

Beer  ill  charge,  Maj.  Jared  A,  Smith,  Corps  of  Engineers. 

e  breach  in  the  dam  across  New  Harmony  Cut-off',  to  which  refer- 
was  made  in  last  annual  report,  has  been  closed  and  a  strong  bank 
«tion  placed  on  the  island.    Upon  the  completion  of  this  a  second 
;h  occuiTe<l  in  the  old  part  of  the  dam,  built  by  contract  in  1876, 
\i  has  been  secured.    It  is  proposed  to  place  a  substantial  line  of 
below  the  entire  work  to  thoroughly  secure  it. 
Grand  Chain  repairs  have  been  made  to  the  end  dike. 
Little  Chain  work  has  been  delayed  to  obtain  surveys  of  the  main 
Qel  and  of  the  cut-oft'  in  order  to  decide  upon  the  best  plan  for  the 
.    Surveys  have  been  made  of  the  government  lands  at  Grand 
ds  and  at  the  site  of  the  dam,  and  also  at  New  Harmony  Cut-off', 
at  Grand  and  Little  Chains,  and  of  about  10  miles  of  river  below 
ast  iK>iut. 

e  two  United  States  dredge-boats  belonging  to  the  Ohio  River  im- 
?ment  were  employed  during  parts  of  the  months  of  April,  May, 
Tune  in  removing  snags  and  wrecks  from  the  river, 
ring  the  next  fiscal  year  the  improvements  now  in  progress  at  New 
lony  and  Grand  Chain  will  be  completed,  and,  it  is  hoped,  the 
now  contemplated  at  Little  Chain. 

is  propose<l,  also,  to  protect  the  banks  at  Grayville,  HI.;  to  close 
[iute8  at  Turkey  Island  and  other  places ;  to  remove  snags,  and  to 
le  the  channel,  where  necessary  for  the  removal  of  bars,  by  means 
Qg-dams  or  jetties. 

e  funds  now  available  will  accomplish  much  of  this:  but  as  the 
is  extensive,  a  further  appropriajtion  will  be  required  for  its  com- 
m. 

,  1877,  amount  available |85,  679  61 

at  appropriated  by  act  approved  June  18,  1878 50, 000  00 

1135, 679  61 

,  1878,  amount  expended  during  fiscal  year 37, 701  90 

,  18^,  outstanding  liabilities 6,  372  78 

44, 074  68 

,1878,  amonnt  available 91,604  93 

at  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      50,  000  00 

«  Appendix  V.) 

EXAMINATIONS  AND  SUBVEYS  FOR  IMPROVEMENT. 

comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 

Major  Smith  has  been  charged  with  and  is  now  engaged  upon  ex- 

fttions  and  surveys  at  the  following  localities,  the  results  of  which 

)e  duly  submitted  when  received : 

The  Kankakee  River ^  Illinois  and  Indiana. 

White  RiveTy  Indiana^  including  the  East  Fork  to  the  new  bridge  in 

t  of  constructian  near  Bedford^  and  the  West  Fork  to  the  town  of  Oos- 
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TRANSPORTATION   ROUTES    TO  THE    SEABOARD. 

Part  of  third  svhdivuion  of  the  Missisfnppi  transportation  route  to  the 
seaboard. — In  the  appendix  to  the  annual  report  of  this  office  for  the 
year  1875,  and  in  Ex.  Doc.  No.  19,  part  7,  Senate,  Forty-third  Congress, 
second  session,  will  be  found  a  report  from  Maj.  C.  R.  Suter,  Corps  of 
Engineers,  presenting  the  results  of  his  reconnaissance  of  the  Missis- 
sippi River  from  Cairo  to  the  mouth  of  Red  River,  made  under  the  appro- 
priation for  surveys  for  transportation  routes  to  the  seaboard,  in  which 
he  shows  the  lumiber,  location,  extent,  and  character  of  the  bars  needing 
improvement  in  the  low  stage  of  the  river,  and  submits  a  general  project 
for  their  amelioration. 

In  continuation  of  his  investigations  Major  Suter  has  submitted  an 
additional  rejwrt,  in  which  he  presents  a  new  class  of  proofs  as  to  the 
character  and  origin  of  these  bars. 

(See  Appendix  W  1.) 

ALLUVIAL  BASIN  OP  THE  MISSISSIPPI. 

In  accordance  with  a  resolution  of  the  Commission  of  Engineers  ap- 
pointed under  the  act  of  Jime  22, 1874,  to  investigate  and  report  a  per- 
manent plan  for  the  reclamation  of  the  alluvial  basin  of  the  Mississippi 
subject  to  inundation,  specimens  obtained  fit)m  certain  borings,  made 
under  its  direction  at  the  site  of  a  proposed  outlet  to  Lake  Borgne,  were 
transmitted  to  Prof.  Eugene  W.  H&gard^  of  Ann  Arbor,  Mich.,  for  inves- 
tigation, with  instructions  to  transmit  his  rejiort  thereon  to  the  Chief  of 
Engineers. 

This  report,  is  a  valuable  contribution  to  our  knowledge  of  the  forma- 
tion of  the  delta  of  the  Mississippi.  Its  practical  importance  in  the 
further  consideration  of  the  question  of  a  ship-canal  is  considerable,  by 
adding  reliable  information  ss  to  the  character  of  the  material  the  canal 
would  be  excavated  in  and  its  capability  to  sustain  the  weight  of  suitable 
locks.  It  ha\^ng  been  received  too  late  for  insertion  in  pre\ious  annual 
reports,  it  will  be  found  herewith  in  Appendix  W  2. 

BRIDGING    THE     NAVIGABLE    WATERS    OF    THE    UNITED 

STATES. 

1.  Bridgin{i  the  Ohio  River. — In  consequence  of  questions  arising  in 
the  proposition  to  build  a  railroad  bridge  across  the  Ohio  at  or  near 
Evans\ille,  Ind.,  the  Board  of  Engineer  Officers,  consisting  of  Majors 
Warren,  Weitzel,  and  Merrill,  wliich  had  been  cx)nstitute<l  in  187(1,  in 
compliance  with  the  provisions  of  the  river  and  harbor  act  of  that  year, 
for  the  examination  of  all  bridges  at  that  time  built  on  the  Ohio,  was 
reconvened,  and  met  at  Evansville  in  November,  but  were  unable  to 
reach  any  conclusions  for  want  of  surs'eys  at  high  water. 

Some  important  modiftcations  were  suggested  by  the  bridge  intere.sts 
in  the  requirements  of  existing  laws,  but  surveys  sufficiently  thorough 
to  enable  the  board  to  make  a  final  report  have  not  been  furnished  by 
the  parties  interested. 

2.  Bri4lge  at  Beai^er^  Pennsylvania, — ^To  comply  with  the  provisions  of 
the  act  of  December  17,  1872,  authorizing  theconstruction  of  bridges 
across  the  Ohio  Eiver,  the  Pittsburgh  and  Lake  Erie  liailroa<l  Com])any 
submitted  to  the  Secretary  of  War  a  ]>lan  for  the  construction  of  a 
bridge  at  Beaver,  Pa.  A  Board  of  Engineer  Officers  was  in  consequence 
convened  to  examine  this  plan  and  the  proposed  location  of  the  bridge. 
For  the  report  of  the  board  thereon,  see  Appendix  XI. 
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3.  Bridge  at  GUiugaw^  Missouri. — ^A  Board  of  Engineer  OflBcers  was 
convened  to  consider  and  report  Jipon  the  plan  and  location  of  a  bridge 
proposed  to  be  erected  over  the  Missouri  River  at  Glasgow,  Mo.,  by 
the  Kansas  City,  Saint  Louis  and  Chicago  Railroad  Company,  which 
bad  been  submitted  for  the  approval  of  the  Secretarj^  of  War,  in  accord- 
ance with  the  act  of  Congress  of  March  13^  1878. 
For  the  report  of  the  board,  see  Appendix  X  2. 

•4.  Bridge  an  the  Mississippi^ at  Fort  Snellingy  Minnesota. — The  "act 
making  appropriations  for  sundry  civil  exi)enses  of  the  government  for 
the  fisciil  year  ending  June  thirtieth,  eighteen  hundred  and  seventy- 
nine,  and  for  other  purposes,"  api)roved  June  20,  1878,  made  pro\ision 
for  the  "  construction  and  comi)letion  of  a  free  wagon-bridge,  with  stone 
abutments,  or  stone  and  iron  abutments,  and  iron  superstructure,  across 
the  Mississippi  River,  at  or  near  Fort  Snelling,"  and  appropriated  the 
mm  of  $t>5,00()  to  aid  in  the  same.  The  plans  and  specifications  of  the 
nubstructure  were  approved  by  the  Secretarj^  of  War,  and  the  officer  of 
engineers  stationed  at  Saint  Paul  was  instructed  to  take  such  sui>er- 
Ti^ion  of  the  bridge  during  its  construction  as  will  enable  him  to  deter- 
mine whether  the  approved  plans  and  specifications  are  faithftdly  carried 
oat. 

5.  Report  upon  bridging  the  Mississippi  River  between  Saint  Louis^  Mis- 
murij  and  Saint  Paul^  Minnesota, — The  river  and  harbor  act  of  June  23, 
1866,  made  provision  for  examining  and  reporting  upon  the  subject  of 
constructing  railroad-bridges  across  the  Mississippi,  between  Saint  Paul, 
Minn.,  and  Saint  Louis,  Mo.,  ui)on  such  plans  of  construction  as  would 
offer  the  least  imj>ediment  to  the  na\igation  of  that  river. 

Tliis  subject  was,  at  the  time,  assigned  to  Maj.  G.  K.  Warren,  Corps 
of  Engineers,  but  his  report  thereon  has  been  deifayed  from  the  pressure 
of  other  important  duties.  Since  the  date  of  the  act  there  has  been  an 
almost  continued  increase  of  new  and  important  data.  The  surveys 
which  Major  Warren  had  caused  to  be  made  did  not  include  the  bridges 
and  changes  made  since  1870,  but  sur\^eys  ha\ing  since  been  made  of 
thoge  bridges,  and  much  additional  information  obtained,  the  report  was 
^impleted  and  submitted  to  this  office  in  March  last,  and  transmitted  to 
the  Senate  at  its  last  session  and  printed  in  Senate  Executive  Document 
Xo.  69,  Forty -fifth  Congress^  second  session. 
It  is  reprinted  as  Api)endLx  X  3  of  this  report. 

LAKE  HARBORS  AND  RIVERS. 

IXPKOVEMENT    OF    HARBOR    AT    DULUTH,    MINNESOTA,   AND    OF    THE 
ENTRANCE  TO  SUPERIOR  BAY,   LAKE  SUPERIOR. 

Officer  in  charge,  Maj.  F.  U.  Farquhar,  Corps  of  Engineers. 

1.  Improrement  of  harbor  at  Duluthj  Minnesota. — A  channel  has  been 
dfwlged  by  contraet  through  the  bar  on  the  north  side  of  the  dike,  and 
the  (hedging  in  the  inside  harbor  cbntinued. 

Daring  the  present  season  it  is  x>roposed  to  continue  the  dredging  and 
to  repair  the  piers  of  the  canal.  To  continue  this  work  economically  the 
officer  in  charge  recommends  an  annual  appropriation  of  $50,000  until 
the  work  is  completed ;  also,  that  $10,000  additional  shoidd  be  made 
available  for  repairs  of  piers. 

^nl}  I  1877,  anjount  available |16,683  59 

Amoonf  aDprouriated  by  act  approved  June  16,  1878 . 30, 000  00 

^*^    ^  $46, 683  59 

M^  J,  1878,  Amount  expended  during  fiscal  year 13,  049  55 

%i,  18T8,  mmonnt  aviulable 33,6:i4  04 
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Amount  (estimated)  required  for  completion  of  existing  project |184, 293  18 

Amount  that  can  be  profitably  ex})ended  in  fiscal  year  ending  June 
30  1880: 

Fordred^ng...*. $50,  000  00 

For  repair  of  piers 10, 000  00 

60,000  00 

(See  Ai>pendix  Y  1.) 

2.  Improvement  of  ruitural  entrance  to  the  Bay  of  Superior. — A  brush 
and  stone  protection  was  built  at  "  the  opening,"  on  Minnesota  Point 
The  officer  in  charge  recommends  that  the  beach  protection  at  the  lower 
end  of  Minnesota  Point  be  continued  toward  the  light-house  and  some 
small  repairs  to  the  piers  be  made;  also,  that  $10,000  be  appropriated 
for  such  repairs  to  the  superstructure  of  the  piers  as  may  be  necessary. 

July  1,  1877,  amount  available . : |2, 500  00 

Amount  appropriated  by  act  approved  June  18,  1878 3, 000  00 

^,500  00 

July  1,  1878,  amount. expended  during  fiscal  year 994  73 

July  1,  1878,  amount  available 4, 505  27 

Amount  (estimated)  required  for  contingent  repairs 10, 000  00 

Amount  that  can  be  profitably  expended  m  fiscal  year  ending  June  30, 1880 .      10, 000  00 

(See  Appendix  Y  2.) 

HARBORS  ON  LAKE  SUPERIOR  (EXCEPT  DULUTH  AND  SUPERIOR  CITY), 
ON  GREEN  BAY,  AND  ON  THE  ^VESTERN  SHORE  OF  LAKE  MICHIGAN, 
NORTH  OF  MILWAUKEE,  WISCONSIN. 

Officer  in  charge,  Maj.  Henry  M.  Eobert,  Corps  of  Engineers. 

1.  Improvement  of  Ontonagon  Harbor,  Michigan. — Superstructure  was 
finished  over  10  cribs.  One  crib  was  refilled  and  replanked  on  the  east 
pier,  and  refilling  and  riprapping  were  done  on  the  west  pier.  Extensive 
repairs  are  now  in  progress,  and  6  cribs  will  be  placed  in  extension  of 
the  piers  this  season.  It  is  proposed  to  continue  the  pier  extension  as 
fast  as  the  appropriations  will  admit  of.  The  piers  are  now  each  1,300 
feet  long,  the  full  length  planned  being  2,500  feet  each. 

This  is  an  imi>ortant  work,  being  the  only  available  harbor  of  refuge 
on  a  long  stretch  of  coast. 

July  1,  1877,  amount  available $14,948  35 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

129, 948  35 

July  1,  1878,  amount  expended  during  fiscal  year 10, 940  17 

July  1,  1878,  amount  available 19,008  18 

Amount  (estimated)  required  for  completion  of  existing  project 178, 170  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  emling  June  :W,  1880 . .     50,  000  00 

(See  Appendix  Z  1.) 

2.  Improvement  of  Eagle  Harbor,  Michigan. — The  work  of  blasting  a 
channel  aeoss  the  ledge  of  rock  which  obstructs  the  entrance  to  this 
harbor,  commenced  in  1875,  was  finished,  and  the  broken  rock  removed 
by  dredging.  The  work  wan  done  by  hired  labor  at  an  actual  cost  of 
$10.83  per  cubic  yard  in  place,  or  $6.08  per  yard  in  scows,  after  two 
contractors  had  attempted  it  and  failed,  though  getting  $40  and  $58  jwr 
cubic  yard,  resi>ectively. 

Though  the  project  contemplates  a  further  expenditure  of  $178,362, 
the  officer  in  charge  does  not  think  so  large  an  outlay  necessary  to  the 
safe  use  of  the  harbor,  and  there  will  be  placed  this  season  two  guiding 
cribs  to  mark  the  channel,  after  which  the  only  work  done  will  be  the 
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refiUing  and  riprapping  of  these  cribs,  for  which  $2,000  will  be  required, 
the  amoant  in  which  the  last  appropriation  fell  shori;  of  the  officer's 
estimate. 

Jalj  1,  1?77,  amoTint  available  (of  which  $400  were  not  in- 

clnded  in  previous  statements) $13^988  77 

Amount  appropriated  by  act  approved  June  18,  1878 8, 000  00 

$21,§88  77 

July  1,  1878,  amount  expended  during  fiscal  year 11, 566  66 

Joly  1,  1878,  outstanding  liabilities 25  00 

11,591  66 

July  1,  1878,  amount  available 10,397  11 

Amount  (estimated)  required  for  completion  of  existing  project $178,362  36 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .        2, 000  00 

(See  Appendix  Z  2.) 

3.  Improretnent  of  Marquette  Harbor^  Michigan, — Slight  repairs  were 
made  on  the  breakwater,  and  an  examuiation  was  made  to  ascertain  the 
amount  of  stone  required  for  refilling,  which  is  estimated  at  1,000  cords. 
Of  this  quantity,  about  400  cords  wm  be  put  in  during  the  present  sea- 
son, and  the  remainder,  with  such  other  repairs  a«  are  always  needed  to 
this  exposed  work,  should  be  done  during  the  fiscal  year  1879-'80,  for 
which  the  sum  of  $5,000  will  be  required.  This  breakwater  was  finished 
at  a  cost  nearly  $79,000  le«s  than  the  estimate,  and  should  be  extended 
400  linear  feet,  which  would  cost  $68,000. 

July  1.  1877,  amount  available |2,  490  90 

Amount  appropriated  by  act  approyed  June  18,  1878...........     2,000  00 

$4,490  90 

July  ,  1878,  amoant  expended  during  fiscal  year 1,532  59 

Joly  1,  1878,  amount  available..... 2,958  31 

Aiaount  tliat  can  be  profitably  expended  on  repairs  in  fiscal  year  ending 
ioneSO,  1880 5,000  00 

(See  Appendix  Z  3.)  ^ 

4.  Improvement  of  Menomonee  Harbor ^  Michigan  and  Wisconsin. — Five 
Dew  cribs  were  built  and  placed  in  extension  of  the  piers,  and  3,723.8 
cnbic  yards  of  material  were  dredged  from  the  bar,  at  a  cost  of  ten  cents 
per  cubic  yard;  a  resurvey  of  the  channel  was  made,  showing  a  14-foot 
cfasumel  to  the  heads  of  the  piers  and  for  1,000  yards  up  the  river. 

Three  new  cribs  will  be  placed  this  season  in  extension  of  the  piers 
and  sui>er8tructure  built  over  those  placed  last  season.  Further  ex- 
temdon  of  the  same  work  is  proposed  for  the  fiscal  year  1879-'80. 

Jolyl,  1877,  amount  available |9,  531  23 

Aioottnt  appropriated  by  act  approved  June  18, 1878 lO,  000  OO 

J^y  1,  1878,  amoant  expended  daring  fiscal  year 9, 432  16 

Jolyl,  1878,  amoant  available 10,099  07 

Asoont  (estimated)  reqnired  for  completion  of  existing  project 69, 000  00 

AiMMmt  that  can  be  prontably  expended  in  fiscal  year  end  ing  J  une  30, 1880 .      40, 000  00 

(See  Apxieudix  Z  4.) 

5.  Improvement  of  Green  Bay  Harbor^  Wisconsin. — ^Dredging  on  the 
line  of  previous  work  in  the  channel  leading  in  from  Green  Bay  was 
dooe  to  tlie  amount  of  39,282.5  cubic  yards,  which  were  removed  at  a 
««t  of  12  cents  per  cubic  yard.  A  resurvey  of  the  channel  10,000  feet 
long  wa8  made  through  ice,  to  determine  the  proper  location  of  future 
work.  DuriDg  the  present  season  dredging  in  continuation  of  the  im 
Pavement  will  be  carried  on  as  far  as  fSnds  will  permit.    The  same 

Se 
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work  is  proposed  for  the  next  fiscal  year,  with  such  repairs  as  the  piers 
at  Grassy  Island  may  require. 

The  importance  of  this  work  is  sufficiently  indicated  by  its  i>08ition  at 
the  mouth  of  Fox  Eiver,  it  really  forming  a  part  of  the  Fox  and  Wis- 
consin River  improvement. 

July  1,  1877,  amount  available $6, 144  43 

Amount  appropriate  by  act  approved  June  18,  1878 5, 000  00 

$11, 144  43 

July  1,  1878,  amouut  expended  during  fiscal  year 6,085  60 

July  1,  1878,  amount  available 5,058  83 

Amount  (estimated)  required  for  completion  of  existing  project 22,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       12,  000  00 

(See  Appendix  Z  5.) 

6.  Harbor  of  Refuge  at  entrance  to  Sturgeon  Bay  Canal^  Wiscansin. — 
The  outer  ends  of  the  pier  were  refilled  as  mr  as  the  small  sum  available 
would  permit  and  a  set  of  soundings  taken  in  the  harbor,  l^o  work  had 
been  done  since  1874.  During  the  present  season  14  cribs  will  be  pla<^ 
in  extension  of  the  piers  and  the  old  piers  repaired.  During  the  fiscal 
year  1879-'80  it  is  proposed  to  complete  the  pier  extension  and  to  com- 
mence dredging  in  the  harbor. 

The  officer  in  charge  refers  to  the  vigorous  prosecution  of  the  canal 
work  during  the  pa«t  year,  and  calls  attention  to  certain  defects  in  the 
construction  of  the  canal  and  in  the  legislation  of  Congress  granting  the 
land-grant  under  which  it  is  constructed,  and  to  the  relation  which  this 
work  bears  to  the  government  harbor.  He  re<5ommends  that  future  ap- 
propriations be  worded  as  the  first  were,  the  phraseology  having  been 
changed  in  the  last  appropriation  bill;  and  exi>re8se«  a  belief  that^ 
although  the  canal  may  possibly  be  abandoned  by  the  company,  the 
government  should  finish  the  harbor  at  its  entrance. 

July  1,  1877,  amount  available $401  21 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

$30, 401  21 

July  1, 1878,  amount  expended  during  fiscal  year 253  04 

July  1,  1878,  outstanding  liabilities 7  00 

260  04 

July  1,  1878,  amount  available 30, 141  17 

Amount  (estimated)  reauired  for  completion  of  existing  project 100,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       60,  000  00 

(See  Appendix  Z  6.) 

7.  Improvement  of  Ahuepee  Harbor^  Wisconsin. — Superstructure  ovc 
the  7  cribs  of  1875,  in  progress  at  the  date  of  the  last  annual  report,  was 
finished,  and  1,100  linear  feet  of  plank  walk  laid  on  the  piers.  The  rock 
blasted  from  the  river-bed  was  removed  by  the  United  States  dredge, 
and  100  cords  of  the  same  was  placed  in  the  piers.  The  ice  dui'ing  the 
winter  was  not  in  condition  to  admit  of  work  as  expected,  but  the  drill- 
ing and  blasting  were  recommenced  in  June  last,  and  will  be  prosecuted 
through  the  present  season.  Continuation  of  the  same  work  is  proposed 
during  the  fiscal  year  1879-'80,  with  the  repairs  necessary  for  the  preser- 
vation of  the  piers. 

July  1,  1877,  amount  available $6, 997  05 

Amouut  appropriated  by  act  approved  June  18,  1878 8,000  00 

$14,997  05 

July  1,  1878,  amount  expended  during  fiscal  year 5, 486  11 

July  1,  1878,  outstanding  liabilities 253  80 

5, 739  91 

July  1,  1878,  amount  available 9,257  14 
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Amoimt  (estimated)  required  for  completion  of  existing  project ^9,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    25, 000  00 

(See  Appendix  Z  7.) 

8.  Improvement  of  Two  Rivers  Harbor^  Wisconsin, —  Superstructure 
and  plank  walk  over  the  6  cribs  of  1875,  in  progress  at  the  date  of  the 
last  annual  report^  was  completed.  Three  hun<&ed  linear  feet  of  pier 
was  decked  and  soundings  taken  through  the  channel  and  in  the  vicin- 
ity of  the  bridge  pier.  During  the  present  season  sand-proof  lining 
irill  be  built  on  the  pile  piers  and  some  dredging  done  between  the 
piers.  During  the  fiscal  year  1879-'80  the  operations  contemplated  are 
the  further  extension  of  the  piers  and  dredging  between  them.  This 
harbor  has  never  been  opened  to  the  local  commerce  of  the  place,  the 
▼oik  thereon  not  being  sufficiently  advanced.  The  private  bridge  pier 
has  been  used  by  vessels  to  the  present  time,  and  as  accretions  are 
rapidly  forming  around  it,  it  becomes  advisable  to  complete  the  harbor- 
work  as  soon  as  possible. 

Jnh- 1,  1877,  amonnt  available |4,  969  12 

Amoont  appropriated  by  act  approved  June  18,  1878 10,  000  00 

$14,  969  12 

Jalyly  1878,  amoont  expended  dnring  fiscal  year 4,951  24 

Jalyl,  1878,  amoimt  available 10,017  88 

iiDoniit  (estimated)  reanired  for  completion  of  existing  project 145,  588  80 

iDoant  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .      40,  000  00 

(See  Appendix  Z  8.) 

9.  Improvement  of  Manitowoc  Sarbor^  Wisconsin. — ^The  repair- work  in 
progress  ^at  the  date  of  the  last  annual  report  was  completed  and  a 
series  of  soundings  taken  through  the  channel.  During  the  present 
m»m  four  new  cribs  will  be  plac^.  the  piers  will  be  refilled,  and  repairs 
Bade  as  necessary.  During  the  iiscal  year  1879-'80  it  is  proposed  to 
extend  the  piers  to  18  feet  water,  and  do  such  dredging  as  may  be  neces- 
MffT.  If  the  whole  amount  estimated  for  that  year  be  appropriated, 
this  harbor  can  be  finished  within  the  estimated  cost,  notwithstanding 
that  the  small  appropriations  have  necessitated  a  good  deal  of  repair- 
wofk  This  port,  being  the  most  frequently  sought  in  stormy  weather 
611  the  northwestern  shore  of  Lake  Michigan,  should  be  completed  at  as 
eariy  a  day  as  jiossible. 

JbIj  1, 1877,  amount  araUable $2,131  69 

AabDimt  appropriated  by  act  approved  June  18,  1878 15,  000  00 

$17,  131  69 

Joly  1,  1878,  amount  expended  dnring  fiscal  year 2,062  40 

Jaly  1, 1878,  amount  available 15,069  29 

Amoont  (eetimat'ed^  required  for  completion  of  existing  project 21,  682  54 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880.      21,  682  54 

(See  Apx^endix  Z  9.) 

10.  Improvement  of  Sheboygan  Harbor^  Wisconsin. — ^The  cost  of  this  har- 
bor has  so  far  exceeded  the  estimate  by  over  $8,000,  but  the  work  since 
187.5  has  been  almost  wholly  repairs  to  the  piers.  These  repairs  were 
eontinued  from  November  to  May,  and  will  be  prosecuted  during  the 
present  season  and  during  the  fiscal  year  1879-'80.  It  is  estimated  that 
they  will  cost  $12,000  to  complete,  of  which  $4,000  was  appropriated  this 
yesur. 

It  became  necessary  to  dredge  out  the  channel  this  last  spring,  an  un- 
i^oally  heavy  gale  having  moved  a  large  quantity  of  beach  sand  into  it. 
The  work  was  done  by  the  United  States  dredge,  which  was  moved  for 
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this  purpose  from  Port  Washington,  the  city  of  Sheboygan  paying  all 
expenses  of  towing.    Cubic  yar(&  of  material  removed,  7,117. 

July  1,  1877,  amount  available ^,049  24 

Amount  appropriated  by  act  approved  June  18,  1878 4, 000  00 

*7,049  24 

July  1,  1878,  amount  expended  during  fiscal  year 3,037  66    .= 

July  1,  1878,  amount  available 4,011  58     := 


Amount  (estimated)  required  for  completion  of  repairs  and  dredging 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     10, 000  00 

(See  Appendix  Z  10.) 

11.  Improvement  of  Port  Washington  Harbor  j  Wisconsin. — The  excava- 
tion of  the  north  basin  was  commenced  by  the  United  States  dredge  in 
accordance  with  the  modified  plan  approved  June  7, 1877.  Forty-five 
thousand  two  hundred  and  thirty-two  cubic  yards  were  removed  to  No- 
vember 30,  at  an  expense  of  $0.12y'/jj  per  cubic  yard,  against  $0.34^  to 
$0.56J  per  cubic  yard  paid  by  contract  in  previous  years  at  this  harbor. 
Thirty-two  hundred  and  sixty -two  cubic  yards  were  removed  fix)m  the 
channel  and  repairs  made  on  the  north  pier.  Dredging  was  recommenced 
June  17  and  will  be  continued  during  the  present  season,  and  will  be 
renewed  with  the  funds  appropriated  for  the  fiscal  year  1879-'80. 

July  1,  1877,  amount  available.... |7, 545  18 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 

$12,545  18 

July  1 ,  1878,  amount  expended  during  fiscal  year 7, 113  83 

July  1, 1878,  outstanding  liabilities 146  53 

7,260  36 

July  1,  1878,  amount  available 5,284  82 


Amount  (estimated)  required  for  completion  of  existing  project 53, 527  17 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    25, 000  00 

(See  Appendix  Z  11.) 

IMPEOVEMBNT  OF  HABBOBS  OF  MILWAUKEE,  RACINE,  AND  KENOSHA, 
LAKE  MICHIGAN,  AND  OF  FOX  AND  WISCONSIN  BIVEBS. 

Officer  in  charge,  Maj.  D.  C.  Houston,  Corps  of  Engineers,  with  Lieut. 
F.  A.  Hinman,  Corps  of  Engineers,  under  his  immediate  orders. 

1.  Improvement  of  Milwaukee  Harbor ^  Wisconsin. — ^The  rebuilding  of 
the  superstructure  of  the  south  pier  for  a  distance  of  1,130  feet  was  com- 
pleted; the  stone  superstructure  on  the  north  pier  extended  98  fe^t;  266 
feet  of  pile  protection  put  in,  and  some  repairs  made  to  the  timber  work 
at  the  inner  end  of  both  piers. 

The  appropriation  of  June  18, 1878,  of  $15,000  will  be  applied  toward 
completing  the  stone  superstructure  of  the  north  pier. 

July  1,  1877,  amount  available $18,027  20 

Au^ount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

133, 027  20 

July  1, 1878,  amount  expended  during  fiscal  year 15,937  78 

July  1,  1878,  amount  available 17,089  42 

Amount  (estimated)  required  for  completion  of  existing  project 15, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       15, 000  00 

(See  Appendix  A  A  1.) 

2.  Improvement  of  Badne  Harbor^  Wisconsin, — ^During  the  year  the 
lebuilding  of  the  old  superstructure  of  the  north  pier  for  a  distance  of 

Hniit  fiOO  feet  was  completed. 
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!  appropriation  of  June  18. 1878,  will  be  applied  to  extending  the 
j)ier  50  feet  and  dredging  between  the  piers. 

1877,  amount  available 16,143  32 

t  appropriated  by  act  approved  June  18,  1878 10, 000  00 

^16, 143  32 

1878,  amoont  expended  during  fiscal  year 5,278  23 

1878,  amount  available 10,865  09 

}  (estimated)  reqnirod  for  completion  of  existing  project ^ . . .      20, 000  00 

\  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880.      20,  000  00 

Appendix  A  A  2.) 

mprovement  of  Kenosha  Harhor^    Wiscomin, — ^Dnring    the  year 
10,000  cubic  yards  of  material  were  dredged  from  the  harbor, 
appropriation  of  June  18, 1878,  will  be  applied  to  extending  the 
pier  50  feet  and  repairs  of  old  work. 

1877,  amount  available |4,07125  « 

appropriated  by  act  approved  June  18,  1878 8, 000  00 

$12,  071  25 

1878,  amount  expended  during  fiscal  year 3,133  00 

1878,  amount  available 8,938  25 

1  (estimated)  required  for  completion  of  existing  project 72,  000  00 

r  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .      20, 000  00 

Appendix  A  A  3.) 

nprovement  of  the  Fox  and  Wisconsin  Rivers. — The  improvement 

«  rivers  is  being  carried  on  in  accordance  with  the  plan  heretofore 

?d,  and  the  resi3ts  are  given  in  detail  in  the  accompanying  reports 

appendix. 

igation  is  now  ox>en  on  the  Fox  Biver  from  Green  Bay  to  Portage 

1877,  amount  available $145,308  01 

eei  ved  and  deposited  to  credit  of  appropriation 2, 312  06 

appropriated  by  act  approved  June  18,  1878  ........    250,000  00 

$397,620  07 

1878,  amount  expended  during  fiscal  year 108, 750  38 

1878,  outstanding  liabilities 5,141  92 

r-    113.892  30 

1878,  amount  available 283,727  77 

(estimated)  reanired  for  completion  of  existing  project 2, 725, 663  00 

that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .    750, 000  00 

Apx>endix  A  A  4.) 

EXAMINATIONS  AND  STJBVEYS  FOR  IMPEOVEMENT. 

omply  with  provisions  of  the  river  and  harbor  act  of  June  18, 1878, 
Honston  has  been  charged  with  and  is  now  engaged  upon  an  ex- 
ion  and  survey  of  Wolf  River ^  front  Lalce  Boygan  to  Red  River^ 
mnj  the  result  of  which  will  be  duly  submitted  when  received. 

nS3lIENT  OF  HABBOBS  OF  CHICAGO,  CALUMET,  MICHIGAN  CITY, 
•  NEW  BUFFALO,  LAKE  MICHIGAN,  AND  OF  ILLINOIS  BIVEB. 

IT  in  charg'e,  Capt.  G.  J.  Lydecker,  Corps  of  Engineers. 
provement  of  Chicago  Harbor j  Illinois. — Operations  were  restricted 
t  repairs  of  existing  works,  there  being  no  money  for  doing  any 
rt 
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The  amount  appropriated  by  the  act  approved  June  18, 1878,  it  is  ] 
posed  to  expend  as  follows: 

For  breakwater  constmction $55 

For  dredging  channel  throngh  outer  harbor 15 

For  the  fiscal  year  ending  June  30, 1880,  an  appropriation  of  $125, 
is  recommended  by  the  oflBcer  in  charge,  to  be  applied  as  follows :  $100, 
for  continuation  of  breakwater;  $20,000  for  dredging  in  outer  hart 
$5,000  for  repairs  and  preservation  of  old  piers  and  breakwater. 

July  1,  1877)  amount  available. ., $3,669  48 

Amount  appropriated  by  act  approved  June  18,  1878 75,000  00 

$78,66! 

July  1,  1878,  amount  expended  during  fiscal  year 3, 361 

July  1,  1878,  amount  available 75,30' 

Amount  (estimated)  required  for  completion  of  existing  project 250, 00< 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     125, 00( 

(See  Appendix  B  B  1.) 

2.  Improvement   of   Calumet    Harbor^    Illinois. — Dredging    chan 
through  bar  at  harbor  entrance  was  in  progress  at  the  beginning  of 
year,  and  continued  during  July ;  this  part  of  the  work  was  then  i 
continued,  a  channel  100  feet  wide  with  a  depth  of  15  feet  having  b 
made. 

Three  cribs,  for  the  extension  of  the  north  pier,  were  biult  and  su 
during  the  months  of  July  and  August. 

It  is  proposed  to  apply  the  present  appropriation  to  extending 
north  pier  200  feet  farther,  and  to  restoring  the  channel  through  i 
outer  bar. 

This  channel  can  only  be  maintained  and  the  entrance  kept  o] 
(without  annual  dredging)  after  the  pier  shall  have  been  extended  i: 
at  least  18  feet  of  water ;  when  this  is  accomplished,  the  ftill  widtt 
channel  can  be  dredged,  and  its  depth  can  be  maintained. 

For  this  purpose  an  appropriation  of  $40,000  is  recommended  by 
officer  in  charge  for  the  year  ending  June  30,  1880,  to  be  appli^ 
follows :  $30,000  for  pier  construction ;  $10,000  for  dredging. 

July  1,  1877,  amount  available $12,851  24 

Amount  appropriated  by  act  approved  June  18,  1878 15,  000  00 

$27,851 

July  1, 1878,  amount  expended  during  fiscal  year 11,  821 

July  1,  1878,  amount  available m 16,  03( 

Amount  (estimated)  required  for  completion  of  existing  project 40,  OOC 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      40,  OOC 

(See  Appendix  B  B  2.) 

3.  Improvement  of  Michigan  City  Harbor ^  Indiana, — ^The  work  of 
pairing  damage  done  to  the  unfinished  cribs  of  the  breakwater  by  sto 
during  the  winter  of  1876-77  was  finished  about  the  close  of  July, 
superstructure,  limited  by  reason  of  lack  of  funds  to  a  height  of  fi 
courses  only,  was  subsequently  placed.  In  October  and  Novembe: 
series  of  violent  gales  occasioned  great  damage  to  the  work,  to  rep 
which  an  allotment  of  $2,500  was  made  from  the  appropriation  for  " 
pair,  preservation,  extension,  and  completion  of  river  and  harbor  wor 

The  extreme  violence  of  the  sea  at  this  locality  calls  for  a  superstr 
ture  of  unusual  height,  and  the  entire  work  should  be  completed  duri 
the  summer  and  early  fall  months.  There  is  urgent  need  of  making  1 
appropriation  for  the  year  ending  June  30, 1880,  sufficient  to  compL 
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the  breakwater,  and  do  some  considerable  dredging  in  the  oater  harbor 
to  render  it  available.  For  tiiis  purpose  the  appropriation  should  not  be 
less  than  $50,000,  all  of  which  should  be  applied  to  completing  the  outer 
harbor. 

July  1,  1877,  amonnt  available $8, 990  11 

Allotment  from  appropriation  for  repairing,  preservatioDi  ex- 

t<ension,  and  completion  of  river  and  harbor  work 2,  500  00 

Amount  appropriated  by  act  approved  Jane  18,  1878.... 75,  000  00 

$06,  490  11 

Jolj  1, 1878,  amount  expended  during  fiscal  year 11,490  11 

Julyl,  1878,  amount  available 76,000  00 

4]iHMint  (estimated)  required  for  completion  of  existing  project 50,  000  00 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  90, 1880.    50, 000  00 

(See  Appendix  B  B  3.) 

4.  Improvement  ofXeic  Buffalo  Harbor ^  Michigan. — There  was  no  work 
done  here  during  the  year.  None  is  contemplated  for  the  ensuing  year. 
There  has  been  no  appropriation  for  this  improvement  ^ince  1872^  and 
DODe  is  now  recommended. 

Jnljl,  1877,  amount  available $5,013  44 

July  1,  1878,  amount  expended  during  fiscal  year 13  44 

July  1, 1878,  amount  available 5,000  00 

(See  Appendix  B  B  4.) 

5.  Improvement  of  Illinois  River. — ^Work  of  improving  the  river  by 
dredging  channels  through  the  various  bars  has  been  carried  on  as  in 
preTions  jes^rs. 

The  ofificer  in  charge  of  the  improvement  recommends  that  the  work 
in  future  be  done  by  machinery  owned  and  operated  by  the  government, 
ittstead  of  by  contract  as  heretofore,  believing  there  will  result  a  great 
aving  in  money  and  in  time  also. 

If  this  project  be  approved^  an  appropriation  of  $75,000  is  recommended 
by  him  for  the  fiscal  year  ending  June  30, 1880.  If  the  work  be  continued 
by  ctmtract,  this  amount  should  be  increased  to  $100,000. 

Jilj  1,  1877,  amount  available 127,624  14 

Affiffont  appropriated  by  act  approved  June  18,  1878 75, 000  00 

$102, 624  14 

J1I7I,  1878,  amount  expended  during  fiscal  year 24,490  72 

Jalj  1,1878,  amount  available 78,133  42 

iiBoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      75, 000  00 

(See  Appendix  B  B  5.) 

IXPROTEMEST  OF  HABBOBS  ON  THE  EASTEBN  SHOBE  OF  LAKE  MICHI- 
GAN. 

Officer  in  charge,  Maj.  S.  M.  Mansfield,  Corps  of  Engineers. 

1.  Improvement  of  Charlevoix  Harbor,  Michigan. — ^Congress  appropri- 
ated $10,000  in  the  act  of  August  14, 1876,  to  begin  improvements  here, 
and  it  was  expended  during  the  season  of  1877  in  widening  and  deei>en- 
ing  the  channel  near  the  lake  and  constructing  a  south  pier  of  crib  and 
brash  work  (349  feet  in  length)  for  its  protection  against  the  drift  of  sand 
ak»ng  the  beach.  The  old  pier  (472  feet  in  length)  was  repaired  and 
nade  serrioeable  as  a  north  pier. 

This  spring  a  narrow  bar  at  the  shore-line,  with  but  8  feet  water  on 
it,  obstructs  the  navigation  of  an  otherwise  fair  channel. 

The  appropriation  of  $12,000  of  June  18, 1878,  will  be  expended  in 
extending  the  piers  into  deeper  water. 
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The  oflScer  in  charge  suggests  that  in  further  continuance  of  this  work 
of  improvement,  $30,000  could  be  profitably  expended  in  the  next  fiscal 
year  in  pier  extension  and  channel  widening  and  deepening. 

July  1,  1877,  amonut  available $5,244  24 

Amount  appropriated  by  act  approved  June  18,  1878 12, 000  00 

f  17, 244  24 

July  1,  1878,  amount  exi>ended  during  fiscal  year  . 5, 167  22 

July  1,  1878,  amount  avaUable 12,077  02 

Amount  (estimated)  required  for  completion  of  existing  project 164,  000  00 

Amount  that  can  be  profitably  exx>ended  in  fiscal  year  ending  June  30, 1880.     30,  000  00 

(See  Appendix  C  C  1.) 

2.  Improvement  of  Frankfort  Harbor^  Michigan, — One  crib  (50  feet  in 
length)  was  added  to  the  south  pier  during  the  season  of  1877,  and  about 
300  feet  in  length  of  this  pier  was  raised  to  the  proper  level  above  the 
water,  while  both  piers  were  refilled  with  stone,  and  some  minor  repairs 
were  made  to  the  revetment. 

A  bar,  with  but  9^  feet  of  water  on  it,  covers  the  approach  to  the  har- 
bor this  spring,  while  the  channel  between  the  piers  has  at  least  11  feet 
water. 

The  appropriation  of  $8,800,  of  June  18, 1878,  will  be  exi>ended  in  ex- 
tending both  piers  50  feet  into  the  lake. 

The  balance  of  the  original  estimate,  $13,200,  can  be  profitably  ex- 
pended in  the  fiscal  year  ending  June  30, 1880,  in  a  further  extension  of 
the  piers. 

July  1,  1877,  amount  available f3,  450  31 

Amount  appropriated  by  act  approved  June  18,  1878 8,  800  00 

f  12,  250  31 

July  1,  1878,  amount  expended  during  fiscal  year ^ 3,  373  29 

July  1,  1878,  amount  avaUable 8,  877  02 

Amount  (estimated)  required  for  completion  of  existing  project 13,  200  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       13,  200  00 

(See  Appendix  C  C  2.) 

3.  Improvem^ent  of  Manistee  Harbor^  Michigan. — The  i)oint  of  sand  in 
the  bend  of  the  river,  on  north  side,  was  dredged  away  during  the  sea- 
son, and  the  exposed  bank  faced  with  a  pile-revetment  for  a  length  of 
420  feet,  and  32  cords  of  stone  were  put  into  the  piers  as  ballast. 

A  bar,  with  but  8  feet  water  over  it,  obstructed  the  entrance  to  tiie 
harbor  this  spring.  At  the  solicitation  of  certain  lumber  manufacturers 
of  Manistee,  a  channel  was  dredged  through  it,  with  the  small  balance 
of  funds  remaining  over,  leaving  now  a  channel  of  good  width  and  with 
a  depth  of  14  feet. 

The  appropriation  of  $15,000,  of  June  18, 1878,  wil  Ibe  expended  this 
season  in  extending  both  i)iers  100  feet. 

The  piers  require  further  extension.  The  balance  of  the  original  esti- 
mates made  therefor  is  $61,771,  of  which  sum  $30,000  could  be  very 
profitably  expended  in  the  next  fiscal  year. 

July  1,  1877,  amount  available $7,169  79 

Amount  appropriated  by  act  approved  June  18,  1878.... IS,  000  00 

122, 169  79 

July  1,  1878,  amount  exjiended  during  fiscal  year 6,  452  53 

July  1,  1878,  amount  available 15,717  26 

Amount  (estimated)  required  for  completion  of  existing  project 61,  771  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       30, 000  00 

(See  Appendix  C  C  3.) 
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4.  Improvement  ofLudingtan  Harbor.  Michigan. — ^During  the  season  the 
south  pier  was  extended  100  feet,  ana  repairs  to  both  piers  were  made 
in  the  way  of  releveling  and  rebaUasting.  In  the  fall  the  United  States 
dredge  removed  6000  yards,  of  sand  from  the  channel,  leaving  an  avail- 
able water-way  of  13  feet.    There  is  foil  12  feet  water  here  now. 

The  appropriation  of  $15,000  of  June  18, 1878,  will  be  exi)ended  this 
season  in  extending  the  north  pier  100  feet  and  the  south  pier  50  feet. 

Becommendatioiis  for  pier  extension  have  heretofore  been  made,  and 
are  renewed.  The  unappropriated  balance  of  $11,000  can  be  profitably 
expended  during  the  year  ending  June  30, 1880. 

July  1,  1877,  amount  available....- $4,043  03 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

^19, 043  03 

JbIj  1,  1878,  amount  expended  during  fiscal  year 3, 325  77 

Jolyl,  1878,  amount  available 15,717  26 

Amount  (estimated)  required  for  completion  of  existing  project 11, 000  00 

Amount  that  can  be  profitably  expended  in  fiiBcal  year  ending  June  30, 1880 .       11, 000  00 

(See  Appendix  C  C  4.) 

5.  ImpravementofPentwater  Harbor,  Michigan. — ^During  the  season  the 
north  pile-revetment  was  extended  552  feet  in  an  easterly  direction^  and 
14,900  cubic  yards  were  dredged  fix)m  the  bank  and  channel,  leaving  a 
▼ater-way  of  12  feet  through  the  middle.  The  pier-heads  were  re- 
ballasted  and  some  slight  repairs  made. 

The  shoalest  water  this  spring  is  9  feet  for  a  short  distance  near  the 
ahore-line. 

The  appropriation  of  $10,000  of  June  18, 1878,  will  be  exi>ended  this 
season  in  building  600  feet  of  pile-revetment,  extending  the  north  pier 
in  an  easterly  direction. 

The  recommendations  and  estimates  of  previous  years  are  renewed. 
The  unappropriated  balance  of  $29,200  can  be  profitably  expended  in 
the  fiscal  year  ending  June  30, 1880,  in. completing  revetment  and  pier 
extension. 

Jolj  1,  1877,  amount  available.... ^,871  30 

AiQount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

^— — ^^^    913, 871  30 
Juljl,  1878,  amoirnt  expended  during  fiscal  year 3,126  55 

July  1,  1878,  amount  available 10,744  75 

Amount  (estimated)  required  for  completion  of  exiBting  project 29, 200  00 

AjDoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      29, 200  00 

(See  Api)endix  C  G  5.) 

6.  Improvement  of  White  River  Harbor j  Michigan. — ^In  September  and 
October  the  United  States  dredge  removed  8,580  cubic  yards  of  material 
fitHD  the  channel,  leaving  an  available  water-way  of  11  feet. 

Two  hundred  leet  of  pier-work,  westward  of  the  shore-line,  being  the 
most  defective  jwrtion^  received  a  new  filling  of  brush  mattresses,  edg 
ings,  and  stone,  and  pier-heads  were  reballasted.    The  available  depth 
(rf  water  this  spring  in  the  channel  and  on  the  bar  is  10  feet. 

The  appropriation  of  $12,000  of  June  18, 1878,  will  be  expended  this 
season  in  extending  the  south  pier  50  feet  and  overhauling  and  refilling 
the  pije  piers  with  brush,  edgings,  and  stone. 

In  continuance  of  improvements  here,  as  suggested  in  previous  re- 
ports (pier  extension),  the  unappropriated  balance  of  the  estimate  of 
1^73,  $19yS91.56j  together  with  the  estimate  of  $5,000  for  dredging,  or 
t2^89J^,  can  be  profitably  expended  in  the  next  flscal  year. 
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July  1,  1877,  amonnt  available $2,929  67 

Amount  appropriated  by  act  approved  June  18,  1878 12, 000  00 

$14, 929  67 

July  1,  1878,  amount  expended  during  fiscal  year 2, 802  02 

July  1,1878,  amount  available 12, 127  65 

Amount  (estimated)  required  for  completion  of  existing  project 24,  891  56 

Amount  that  can  be  profitably  exi>ended  in  fiscal  year  endmg  June  30, 1880.      24, 891  56 

(See  Appendix  C  C  6.) 

7.  Improvement  of  Muskegon  Harbor ^  Michigan. — ^During  the  year  the 
south  pier  has  been  extended  100  feet.  Several  openings  and  defective 
places  in  both  piers  were  repaired,  and  an  88-foot  gap  in  the  old  slab  pier 
was  refilled.  The  available  depth  of  water  between  the  piers  this  spring 
is  14  feet,  with  no  bar  outside. 

Ko  appropriation  was  required  for  the  fiscal  year  1878-'79,  and  none 
made,  A  balance  of  $4,393.46  of  former  appropriation  will  be  applied 
this  season  to  reconstructing  the  superstructure  over  outer  two  cribs  of 
north  pier,  closing  intervals,  refilling  superstructure,  and  placing  fenders 
around  pier-heads. 

Of  the  original  estimate  for  this  work  there  remains  unappropriated  a 
balance  of  $8,898.04,  which  can  be  profitably  expended  in  extending  the 
north  pier  50  feet  and  making  repairs  during  the  next  fiscal  year. 

July  1,  1877,  amount  available |9,281  48 

July  1,  1878,  amount  expended  during  fiscal  year 4,888  02 

July  1,  1878,  amount  available 4,  393  46 

Amount  (estimated)  required  for  completion  of  existing  project 8,  898  04 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      8, 898  04 

(See  Appendix  C  C  7.) 

8.  Improvement  of  Grand  Haven  Harbor ,  Michigan. — ^During  the  year 
the  north  pier  was  extended  150  feet.  In  the  fall  a  bar  appeared  off  the 
entrance,  which  gradually  increased  till  the  necessity  for  its  removal  be- 
came so  great  that,  for  want  of  funds  for  the  purpose,  it  was  dredg^ 
away  by  the  steamboat  company,  and  a  channel  left  about  200  feet  wide, 
with  14^  feet  water.  The  deepest  water  on  the  bar  this  spring  was  15J 
feet. 

The  appropriation  of  $15,000  of  June  18, 1878,  will  be  expended  this 
season  in  extending  the  north  pier  150  feet. 

There  remains  unappropriated  of  the  original  estimate  for  the  comple- 
tion of  the  work  at  this  harbor  $29,148.96,  which  amount  can  be  profit- 
ably expended  in  the  fiscal  year  ending  June  30, 1880. 

July  1,  1877,  amount  available $3,003  39 

Amount  appropriated  by  act  approved  June  18,  1878 is,  000  00 

' $18, 003  39 

July  1,  1878,  amount  expended  during  fiscal  year 3, 003  18 

July  1,  1878,  amount  available 15,000  21 

Amount  (estimated)  required  for  completion  of  existing  project 29, 148  96 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    29, 148  96 

(See  Appendix  C  C  8.) 

9.  Improvement  ofEl<ick  Lake  Harbor^  Michigan. — ^During  the  year  the 
south  pier  was  extended  50  feet,  700  running  feet  of  revetment  over- 
hauled and  refilled  in  a  manner  to  eflfectiially  stop  the  action  of  the  sea 
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ttirough  it,  and  35,775  cubic  yards  of  sand,  &c.,  were  dredged  from  the 
diaunel-way. 

In  the  fail  there  was  an  available  water-way  of  9  feet  in  the  channel. 
This  spring  we  find  the  channel  shoaled  in  one  place  to  8  feet. 

The  appropriation  of  $10,000  of  June  18, 1878,  will  be  expended  this 
season  in  extending  the  south  pier  50  feet  and  the  north  pier  100  feet. 

The  recommendations  heretofore  made  are  renewed,  and  the  unappro- 
priated balance  of  $22,000  can  be  profitably  expended  in  extending  the 
piers  during  the  fiscal  year  ending  June  30, 1880. 

July  1^  1877,  amount  available $10,482  15 

Anwont  appropriated  by  act  approved  June  18,  1878 10, 000  00 

120,  482  15 

J11I7I,  1878,  amount  expended  during  flaoalyear 9,779  57 

Jttlyl,  1878,  amount  available 10,702  58 

Amoimt  (estimated )  required  for  completion  of  existing  project 22,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enoing  June  30, 1880.    22, 000  00 

(See  Appendix  C  C  9.) 

10.  Improvement  of  Saugatuck  Harbor^  Michigan. — ^The  only  work  done 
here  during  the  year  was  the  lightering  of  some  stone  from  the  south  to 
die  north  pier  for  ballast  at  the  outer  end. 

In  the  fall  the  channel  shoaled  from  the  north  pier-head,  leaving  a 
BUTOw  passage  of  50  feet. 

The  appropriation  of  $2,500'of  June  18, 1878,  will  be  expended  in  flll- 
mg  with  brush  and  stone  the  north  pier  for  a  length  of  300  feet. 

The  depth  of  water  is  from  9  to  10  feet  in  the  channel  and  out  to  deep 
water. 

The  unappropriated  balance  of  the  existing  estimate  for  the  comple- 
tion of  the  work  is  $35,958.74.  An  appropriation  of  $10,000  is  recom- 
mended by  the  officer  in  charge  for  pier  extension  in  the  next  fiscal 
year. 

JnlT  1,  18r7,  amount  available |427  21 

AiBMint  appropriated  by  act  approved  June  18,  1878 2. 500  00 

12,927  21 

July  1,  1878,  amonnt  expended  dnring  fiscal  year 412  13 

JotV  L  1878,  oatatanding  liabilities 9  75 

421  88 

Jnlyl,  1878,  amount  available 2,505  33 

Amoimt  (estimated)  required  for  completion  of  existing  project 35,  958  74 

ABMNmt  that  can  be  profitably  expeaaed  in  fiscal  year  ending  June  30, 1880.  10, 000  00 

(See  Appendix  CC 10.) 

11.  Improvement  of  South  Haven  Harbor j  Michigan. — ^The  work  in  hand 
at  the  end  of  the  last  fiscal  year  was'continaed  and  progressed  satisfac* 
torily  until  fdnds  were  exhausted. 

At  the  end  of  the  season  there  was  a  depth  of  9  feet  in  the  channel 
from  entrance  to  warehouse.  This  spring  the  channel  has  shoaled  to 
about  7J  feet  for  a  short  distance  between  the  piers. 

The  appropriation  of  $12,000  of  June  18, 1878,  will  be  expended  this 
wa«on  in  dredging  and  building  450  feet  of  revetment  on  north  side. 

The  balance  remaining  unappropriated,  $60,000,  is  considered  sufficient 
toeomptete  all  permanent  improvements  at  this  harbor  under  the  pres- 
^^  project  The  sum  of  $25,000  can  be  profitably  expended  during  the 
^l  year  ending  Jim^  30, 1880,  in  extending  the  piers  and  deepening 

^cbBnaeL 
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July  1,  1877,  amount  available $3,914  92 

Amount  appropriated  by  act  approved  June  18,  1878 12,  000  00 

$15,  914  92 

July  1,  1878,  amount  expended  during  fiscal  year 3,814  90 

July  1,  1878,  amount  available 12,100  02 

Amount  (estimated)  reauired  for  completion  of  existing  project 60,  000  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880.      25, 000  00 

(See  Appendix  C  C 11.) 

12.  Improvement  of  Saint  Joseph  Harbor^  Michigan. — One  crib  (50  feet) 
was  added  to  the  north  pier,  and  a  portion  of  this  pier  leveled  up  and 
refilled  during  the  year. 

The  water  in  the  channel  holds  to  a  good  depth,  there  being  from  15  to  17 
feet  in  the  be«t  approaches. 

The  appropriation  of  $12,000  of  June  18, 1878,  will  be  expended  this 
season  in  extending  the  north  pier  100  feet,  and  making  some  necessary 
repairs.  The  existing  project  looks  to  an  extension  of  this  pier.  Of  the 
original  estimate  there  remains  still  to  be  appropriated  the  sum  of 
$4,216.71,  which  can  be  profitably  exx)ended  in  the  fiscal  year  ending 
June  30, 1880,  and  in  addition,  $15,000  will  be  required  for  the  improve- 
ment in  the  river  at  the  mouth  of  the  canal  leading  to  Benton  Harbor. 

July  1, 1877,  amount  available $7,007  30 

Amount  appropriated  by  act  approved  June  18, 1878 12,000  00 

i  : $19,007  30 

July  1, 1878,  amount  expended  during  fiscal  year. 4,947  52 

July  1,  1878,  amount  avaUable 14,059  78 

Amount  (estimated)  required  for  completion  of  existing  project 19, 216  71 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .       19, 216  71 

(See  Appendix  C  C  12.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  Jnne  18, 1878, 
Major  Mansfield  has  been  charged  with  and  is  now  engaged  upon  an 
examination  and  survey  of  Portage  Lake,  Manistee  County,  Michigan, 
with  a  view  to  its  adaptability  as  a  harbor  of  refuge,  the  result  of  which 
will  be  duly  submitted  when  received. 

IMPROVEMENT  OF  SAINT  MARY'S  FALLS  CANAL — CONSTRUCTION  OP 
HARBOR  OF  REFUGE  ON  LAKE  HURON — ^IMPROVEMENT  OF  DETROIT 
RIVER. 

Officer  in  charge,  Maj.  G.  Weitzel,  Corps  of  Engineers,  with  Capt. 
Alexander  Mackenzie,  Corps  of  Engineers,  under  his  immediate  orders. 

During  the  temporary  absence  of  Major  Weitzel,  from  May  15, 1878, 
these  works  were  under  the  charge  of  Captain  Mackenzie. 

1.  Improvement  of  Saint  Mary^s  Falls  Canal,  Michigan. — ^During  the 
year,  128,512  cubic  feet  of  cut-stone  have  been  delivered ;  18,683.46  cubic 
yards  of  masonry  laid  in  the  walls  5  6,853  cubic  yards  of  earth  have  been 
placed  behind  the  new  lock  walls;  44,727  cubic  yards  of  e^rth  were 
removed  in  enlarging  the  canal,  and  1,070  linear  feet  of  crib-work  have 
been  placed ;  18,351  barrels  of  cement  have  been  received.  A  shoal  near 
the  ui)per  entrance  to  the  canal  has  been  dredged  to  a  depth  of  13  feet. 

For  an  economical  and  rapid  prosecution  of  the  work,  the  officer  in 
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charge  is  of  the  opinion  that  $395,000  should  be  appropriated  for  the 
ibcal  year  ending  June  30,  1880. 

July  1,  1877,  amonnt  available $419,014  09 

imoaut  appropriated  by  act  approved  June  18,  1878 175,  000  00 

$594,  014  09 

July  1, 1878,  amoont  expended  daring  fiscal  year !!M9,  345  47 

July  1,1878,  amount  available 344,668  62 

Amount  (estimated)  re(f iiired  for  completion  of  existing  project 395,  000  00 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1880 .      395, 000  00 

(See  Appendix  DDL) 

2.  Construction  of  harbor  of  refuge^  Lake  Hurorij  Michigan. — ^During 
the  past  year  the  superstructure  was  built  over  13  cribs  sunk  in  1876, 
and  5  cribs,  65  by  38  feet,  were  built  and  sunk.  There  are  now  in  place 
4^  linear  feet  of  crib- work,  and  3,905  linear  feet,  or  nearly  one-half  of 
the  breakwater,  are  completed. 

The  wreck  of  the  schooner  City  of  Buffalo  and  several  dangerous 

bowlders  have  been  removed  from  the  harbor.    During  the  season  637 

boats  made  use  of  the  harbor  of  refuge. 

It  is  estimated  that  $230,000  is  required  to  complete  this  work,  and 

^  for  the  sake  of  economy  it  is  recommended  by  the  officer  in  charge  that 

^^  this  sum  be  appropriated  for  the  fiscal  year  ending  June  30, 1880. 

Jrfyl,  1877,  amount  available ^6,325  01 

imoant  appropriated  by  act  approved  June  18,  1878 100, 000  00 

$176,  325  01 

July  1,  1878,  amount  expended  during  fiscal  year 72, 659  66 

Jdyl,  1878,  amount  available. 103,665  35 

imoant  (estimated)  required  for  completion  of  existing  project 230, 000  00 

Amoant  that  can  lie  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      230,  000  00 

(See  Appendix  D  D  2.) 

3^  Improvement  of  Detroit  River. — The  funds  for  this  improvement 
hftving  been  entirely  exhausted,  nothing  was  done  during  the  year. 

It  is  estimated  by  the  oflBcer  in  charge  that  $250,000  M'ill  be  required 
to  complete  this  work,  and  it  is  recommended  that  the  sum  of  $100,000 
be  appropriated  for  the  fiscal  year  ending  June  30,  1880. 

imoant  appropriated  by  act  approved  June  18,  1878 $100, 000  00 

Jnlrl,  1??7«,  amount  available 100,000  00 

imoant  (estimated)  required  for  completion  of  existing  project 250,  000  00 

imoant  that  can  be  protitably  expended  in  tiscal  year  ending  June  30, 1880 .  100, 000  00 

(See  Appendix  D  D  3.) 

REPAIR  AND  PRESEBVATION  OF  SAINT  CLAIB  PLATS  CANAL — ^IMPEOVE- 
MENT  OP  SAGINAW  RIVEE  AND  OP  CERTAIN  HARBORS  ON  LAKE 
HURON. 

Officer  in  charge,  Maj.  Franklin  Harwood,  Corps  of  Engineers. 

1.  Saint  Clair  Flats  Canal. — The  damage  to  the  canal  banks,  mentioned 
in  last  report,  was  repaired  dnring  the  summer  and  fall  of  1877  at  a  total 
eout  of  $3,603.55.  The  canal  is  now  in  good  condition.  Minor  repairs 
are  needed  at  the  pier-heads,  for  which  estimate  is  made.  Prosecutions 
against  trespassers  on  the  canal  banks  have  resulted  in  the  vindication 
of  the  law,  and  securing  respect  for  the  authority  of  the  custodian. 
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July  1,  1877,  amount  available $5,883  98 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 

^  $10, 883  98 

July  1,  1878,  amount  expended  during  fiscal  year 5, 883  98 

July  1,  1878,  outstandinir  liabilities 775  00 

6,658  98 

July  1,  1878,  amount  available 4,225  00 

Amount  (e8timate<l)  required  for  repairs,  &,c 3,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.        3, 000  00 

(See  Appendix  E  E  1.) 

2.  Improvement  of  Saint  Clair  River  at  the  mouth  of  BlncJc  River^ 
Michigan. — ^No  work  has  been  done  during  the  fiscal  year  for  lack  of 
appropriation.  The  appropriation  for  1878-'79  will  be  used  in  ascer- 
taining the  present  condition  of  the  shoal,  and  removing  it  completely, 
if  possible.  But  if  it  be  found  inadequate,  the  balance  unexpended  wiil 
be  reserved  to  be  added  to  a  fature  appropriation  for.  a  complete  removal 
of  the  shoaL  In  this  ca^e  no  work  will  be  attempted  until  a  sufficient 
sum  is  provided  for  the  entire  completion  of  the  existing  project. 

Amount  appropriated  by  act  approved  June  18,  1878 $1, 500  00 

July  1,  1878,  amount  available • 1,  500  00 

Amount  ( estimated)  required  for  c-omnletion  of  existing  project 1, 500  00 

Amount  that  can  be  profitably  expenaed  in  fiscal  year  ending  June  30, 1880.     1, 500  00 

(See  Appendix  E  E  2.) 

3.  Improvem,ent  of  Au  Sable  River  Harhor^  Michigan. — ^No  appropria- 
tion is  asked  for  until  jurisdiction  over  the  river  and  harbor  banks  for 
purposes  of  improvement  can  be  secured  by  the  United  States. 

July  1,  1877,  amount  available f^f  113  49 

July  1,  1878,  amount  expended  during  fiscal  year 1, 493  38 

July  1,  1878,  amount  available •••        620  11 

(See  Appendix  E  E  3.) 

4.  Improvement  of  Sa^naw  River ^  Mi<!higan. — ^The  project  of  last  year, 
as  stated  in  the  annual  report,  was  fulfilled  and  the  CaroUton  Bar  revet- 
ment connected  with  the  main  land  at  both  extremities.  A  i)ortion  ot 
the  work,  still  incomplete,  will  be  finished  during  the  present  working 
season.  A  section  of  the  revetment,  burnt  by  fire,  caught  from  the 
sparks  of  a  passing  steamer,  will  be  renewed,  and  the  revetment  sheathed 
on  its  river  face  to  prevent  the  recurrence  of  a  like  disaster.  It  is  ex- 
pected to  complete  the  CarroUton  revetment  and  channel  100  feet  wide 
and  10  feet  deep  during  the  present  working  season. 

July  1,  1877,  amount  available |10,402  01 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$35, 402  01 

July  1,  1878,  amount  expended  during  fiscal  year 10, 402  01 

July  1,  1878,  amount  available 25,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.    25, 000  00 

(See  Appendix  E  E  4.) 

5.  Improvement  of  Alpena  Harbor^  Michigan. — ^The  work  as  projected 
last  year  was  completed  by  contract  labor,  and  the  harbor  is  now  in  good 
condition.    "No  further  appropriation  is  required. 

July  1,  1877,  amount  available $4,500  00 

July  1,  1878,  amount  exx>ended  during  fiscal  year 3,935  36 

July  1,  1878,  amount  available 664  64 

{See  Appendix  E  E  6.) 
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6.  Improvement  of  Cheboygan  Harbor ^  Michigan, — ^By  use  of  two  dredges, 
hired  under  contract,  the  channel  of  entrance  was  widened  fix)m  150 
to  175  feet,  and  a  width  of  over  200  feet  attained  abreast  of  the  steam- 
boat landings,  aU  with  a  clear  depth  of  13  feet  of  water^  low  stage.  Pro- 
pellers, not  exceeding  225  feet  in  length  and  12J  feet  m  draft,  can  now 
freely  enter,  turn,  and  depart. 

The  $8,000  appropriated  by  act  approved  June  18, 1878,  will  be  ex- 
pended under  contract  during  the  present  working  season  in  widening 
the  exterior  channel  to  176  feet.  Twelve  thousand  dollars  in  addition  is 
asked  for  to  complete  the  project. 

Jnlyl,  1877,  Mnonnt  available |9, 920  77 

Amooot  appropriated  by  act  approved  Jane  18,  1878 8, 000  00 

117,920  77 

Jolj  ly  1878y  amount  expended  daring  fiscal  year 9,920  77 

Jnly  1,  1878,  amount  avaOable 8,000  00 

Amoimt  (estimated)  reonired  for  completion  of  existing  project 12, 000  00 

ijDoant  that  can  be  prontably  expended  in  fiscal  year  ending  Jane  30, 1880.      12, 000  00 

(See  Appendix  E  E  6.) 

DfFBOYBMENT  OF  HABBORS-  ON  LAKE  £BI£,  WEST  OF  CLEVELAND. 

Officer  in  charge,  Lieut.  Col.  1^.  Michler,  Corps  of  Engineers. 

1.  Improf>ement  of  Monroe  Harbor ^  Michigan. — ^Work  was  continued 
doling  the  first  three  months  of  the  fiscal  year,  until  the  appropriation 
became  exhausted.  Along  the  south  side  of  the  canal  1,425  linear  feet 
of  revetment,  and  on  the  north  side  100  feet,  were  renewed.  There  were 
also  completed  380  feet  of  extension  of  the  revetment  on  the  north  side. 
Some  slight  repairs  to  the  crib- work  of  the  piers  were  made.  There  still 
remains  to  be  renewed  about  1,500  feet  of  revetment  on  the  sides  of 
tj^  Unit^  States  Ship-canal,  and  1,750  of  the  Monroe  City  Canal. 

July  1,  1877,  amount  available :..  $4,492  44 

AiDoant  appropriated  by  act  approved  Jane  18,  1878 2, 500  00 

$6, 9d2  44 

JqIt  1,  1878,  amount  expended  daring  fiscal  year 4, 481  74 

July  1,  1878,  outstanding  liabilities 10  70 

— — — ^—        4, 492  44 

Jnly  1,  1878,  amount  available 2, 500  00 

Amount  (estimated)  required  for  completion  of  existinj^  project 7, 500  00 

Amount  thAt  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .        7, 500  00 

(See  Appendix  F  F  1.) 

2.  Improvement  of  Toledo  Harbor^  Ohio. — ^The  work  of  dredging  the 
natural  channel  through  Maumee  Bay,  between  Point  Presqu'ile  at  the 
month  of  the  Maumee  River,  to  the  curve  of  15  feet  in  the  lake,  was 
ooDtinned  during  the  fiscal  year  in  accordance  with  the  plan  recom- 
mended by  the  Board  of  Engineers,  and  adopted  in  January,  1873.  The 
dredging  was  principally  confined  to  widening  and  deepening  the  inner, 
middle,  and  outer  ranges,  the  southwest  and  south  reaches,  and  the  outer 
reach  or  outer  bar.  "fiie  elbows  or  curves  were  also  widened  and  deep- 
«i€d.  The  two  contracts  by  which  the  work  was  executed  expired  during 
tie  year  the  appropriation  having  been  exi)ended ;  the  aggregate  num- 
ber of  en  Wc  yards  displaced  under  them  was  345,858,  at  a  cost,  including 
^gins  and  all  incidental  expenses,  $59,623.85.    The  projected  dimen- 

ot  the  channel  are  250  feet  in  width  at  top;  200  at  bottom,  and  15 


I 
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feet  in  depth  at  average  low-water  mark.    The  work  of  dredging  ^ 
be  continued  dnring  the  present  fiscal  year. 

July  1,  1877,  amonnt  available $50,769  35 

Amount  appropriated  by  act  approved  Jane  18,  1878 50, 000  00 

$100,769 

July  1,  1878,  amount  expended  daring  fiscal  year 50,:^3 

Jaly  1,  1878,  amoant  available 50,376 


Amoant  (estimated)  reqaired  for  completion  of  existing  project 30, 0(K) 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1880 .      30,  OOC 

(See  Appendix  F  F  2.) 

3.  Improvement  of  Port  Clinton  Harbor^  Ohio. — ^During  tiie  months 
July  and  August  of  the  fiscal  year  the  construction  of  the  east  re\ 
ment  to  the  canal  or  artificial  harbor,  which  extends  from  the  mouth 
Portage  River,  was  continued  until  the  appropriation  was  expend 
In  all  550  linear  feet  of  revetment  were  built,  and  355  additional  are  8 
required.  Beyond  the  bulkheads  at  the  ends  of  the  revetments  1 
parallel  piers  of  crib- work  will  be  built  out  into  the  lake  for  an  avers 
length  of  1,200  feet  each,  until  the  curve  of  10  feet  is  reached.  A  nan 
channel- way  will  be  partially  dredged  between  the  piers  throughout 
entire  length,  when  it  is  exjiected  that  the  strong  current  of  the  ri 
will  open  a  channel  of  suitable  dimensions  to  answer  the  wants  of  c< 
merce. 

Jaly  1,  1877,  amoant  available $4,929  93 

Amoant  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$14,92! 

July  1,  1878,  amount  exx>ended  during  fiscal  year 4, 913  83 

July  1,  1878,  outstanding  liabilities 7  67 

4,92 

July  1,  1878,  amount  available » 10,  OOi 


Amount  (estimated)  required  for  completion  of  existing  project 65, 00( 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      65, 00( 

(See  Appendix  FF  3.) 

4.  Improvement  of  Sandusky  City  Harbor^  Ohio. — ^During  the  fiscal  y 
the  work  of  dredging  the  west  or  main  channel  through  Sandusky  I 
was  continued;  it  was  confined,  principally,  to  the  outer  reach,  or  on 
bar,  near  Cedar  Point,  the  cut  through  which  was  only  partially  ca 
I)leted;  also  to  the  east  and  west  range,  and  the  north  and  south  ran 
and  the  widening  of  the  elbows  connecting ;  thus  making  a  clear  chani 
way  between  the  15-foot  curve  of  the  lake  and  the  12-foot  curve  of 
bay.    Several  cuts  were  also  made  along  tlie  last  reach  toward  the  ci 

The  work  was  done  under  two  contracts,  one  of  which  was  cloi 
during  the  year.  The  whole  amount  dredged  under  both  contracts  fr 
the  commencement  of  the  work  until  the  end  of  the  last  fiscal  y 
amounted  to  145,421  cubic  yards,  at  a  cost  of  $22,094.90.  The  dredgi 
during  the  present  year  mil  be  confined  to  the  "Illuminated  Clo( 
range  and  to  the  completion  of  the  cut  through  the  outer  bar. 

July  1,  1877,  amount  available  $21,771  91 

Amount  appropriated  by  act  approved  June  18,  1878 20, 000  00 


July  1,  1878,  amount  expended  during  fiscal  year 16,616  76 

July  1,  1878,  outstanding  liabilities 2,250  05 


$41,771 

18,86C 


July  1,  1878,  amount  available 22,90e 


Amount  (estimated)  required  for  completion  of  existing  project 1,  OOO 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880.        1, 000 

fjSee  Appendix  FF  4.) 
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Improvement  of  Huran  Harhor^  Ohio, — Dui^inff  the  last  fiscal  year  no 
L  wajj  acxromplished,  as  no  money  Wii«  available  for  the  purpose, 
e  repairs  will  Ije  made  to  the  piers  in  the  course  of  the  present  year, 
all  api)roi>riation  having  been  made  to  meet  tlie  exi>ense. 

^  1^77,  amoiiDt  available |189  17 

Qt  appropriated  by  act  approved  June  18,  1878 1,000  00 

|1, 189  17 

,  1878,  amount  available 1, 189  17 

8  Ai)i>endix  F  F  5.) 

Improrenient  of  VemiilUon  Harbor^  Ohio. — ^Diiring  the  fiscal  year 
neeiled  improvements  and  repairs  were  made  to  the  piers,  and 
J  soundings  made  ti>  ascertain  the  cost  of  blasting  and  removal  of 
N*k  and  dredging  the  siind  and  gravel  from  the  canal  or  artificial 
r.     During  the  present  season  it  is  proposed  to  open  a  channel- 

0  feet  in  width  with  a  dei)th  of  13  feet  at  average  low  stage  of 
The  amount  of  funds  available  is  deemed  sufficient  for  the  pur- 
Some  slight  repairs  to  piers  are  still  needed. 

1877,  amount  available*...' \ $4,113  85 

i  appropriated  by  act  approved  June  18,  1878 4, 000  00 

18,113  85 

1878,  amount  exi>€nded  during  fiscal  year 1,074  35 

\&7>^,  amonnt  available 7,039  50 

Appendix  F  F  6.) 

mprorement  of  Black  River  Harbor^  Ohio. — No  work  was  accom- 

1  during  the  last  fiscal  year  for  want  of  funds.  With  the  small 
iriation  of  June  18,  1878,  the  damage  to  the  east  pier,  caused  by 
ing  vessel,  will  be  rei)aired,  and  several  other  slight  repaii^s  will 
e  attention. 

1877,  amount  available $52  89 

t  appropriated  by  act  approved  June  IH,  1878 1,  000  00 

$1,  052  89 

1878,  amount  exi>ended  during  fiscal  year 43  04 

1878,  outstanding  liabilities 9  85 

52  89 

1878,  amonnt  available 1,  000  00 

5  Api)endix  F  F  7.) 

>TEMENT  OF  HARBORS  ON  LAKE  ERIE  EAST  OF  BLACK  RIVER,  ANP 
ON  LAKE  ONTARIO  AND  THE  RIV^R  SAINT  LAWRENCE. 

eer  in  charge,  Maj.  Walter  McFarland,  Corps  of  Engineers,  T\ath 
M.  B.  Adams,  Coii)S  of  Engineers,  nnder  his  immediate  orders. 
liarlxiFS  on  Lake  Erie  were  in  charge  of  Lient.  Col.  C.  E.  Blunt, 
of  Engineers,  until  January  1,  1878. 

'oruftruetian  of  breahcater  at  Cleveland^  Ohio. — ^The  substructure 
s  breakwater  lias  been  extended,  under  contract,  300  feet,  by  the 
m  of  6  cribs,  eiich  50  feet  long,  resting  ui)on  a  riprap  foundation, 
eiose  of  the  season  this  will  be  farther  extended  under  the  old 
datioii  lOO  feet  and  the  superstructure  will  be  added,  making 
irfii  of  the  completed  work  1,217  feet. 

r  the  neir  appropriation  it  is  expected  that  a  further  extension 
feet  will  be  secured. 

E 
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Jnly  1,  1877,  amount  available |35,273  28 

Amount  approi>riate<l  by  act  approved  June  18,  1878 100,000  00 

$135,273  28 

July  1,  1878,  amount  expended  during  fiscal  year 6,782  50 

July  1,  1878,  outstanding  liabilities 6.405  02 

13, 187  52 

July  1,  1878,  amount  available 122,085  76 

Amount  (estimatefl)  required  for  completion  of  existing  project 1,  600, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       300, 000  qO 

(See  Appendix  G  G  1.) 

2.  Repairs  of  east  pier  at  Clevel/tnd^  Ohio. — The  balance  of  the  appro- 
priation of  August  14,  1876,  was  applied  to  the  completion  of  the  pile- 
protection  begun  in  April,  1877,  in  front  of  that  part  of  the  east  pier  occu- 
pied by  the  Cleveland  and  Pittsburgh  Railroad  Company. 

As  this  company  is  now  responsible  for  the  care  of  this  part  of  the 
pier,  no  further  appropriation  for  it  will  be  needed. 

July  1,  1877,  amount  available $3,  504  25 

July  1,  1878,  amount  expende<l  during  fiscal  year 3,504  25 

(See  Appendix  G  G  2.) 

3.  Improvement  of  Fairport  Harbor^  Ohio. — ^Nothing  has  been  done 
here  during  the  year,  there  being  no  appropriation  available. 

The  appropriation  of  $5,000,  made  by  act  approved  June  18, 1878,  will 
be  applied  to  necessary  repairs  of  piers  and  dredging. 

July  1,  1877,  amount  available S5  48 

Amount  ai)propriated  by  act  approved  June  18,  1878 5, 000  00 

$5, 005  48 

July  1,  1878,  amount  expended  during  fiscal  year 5  48 

July  1,  1878,  amount  available 5,000  00 

(See  Appendix  G  G  3.) 

4.  Improvement  of  Ashtabula  Harbor^  Ohio. — ^The  west  pier  wa«  re- 
paired and  extended  40  feet  under  the  balance  of  the  appropriation  of 
August  14,  1876. 

The  $12,000  appropriated  by  act  of  June  18, 1878,  will  be  applied  to 
the  extension  of  the  east  pier,  bringing  its  head  abreast  of  the  head  of 
the  west  pier. 

July  1,  1877,  amount  available $6,584  16 

Amount  appropriated  by  act  approved  June  18,  1878 12, 000  00 

fil8,  584  16 

July  1,  1878,  amount  expended  during  fiscal  year 4,  597  01 

July  1,  1878,  amount  available 13,987  15 

Amount  (estimated)  reqiiired  for  completion  of  existing  project 18, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       18,  000  00 

(See  Appendix  G  G  4.) 

5.  Improvement  of  Conneaut  Harbor,  Ohio. — ^Nothing  has  been  done 
here  during  the  past  year.  The  harbor  is  in  good  concfition  and  requires 
no  additional  appropriation  for  the  present. 

July  1,  1877,  amount  available $53  50 

July  1,  1878,  amount  available 53  50 

(See  Appendix  G  G  5.) 

6.  Improvement  of  Erie  Harbor,  Pennsylvania^. — ^The  catch-sand  fence 
at  the  neck  of  the  peninsula  was  extended  500  feet. 

A  length  of  300  feet  of  the  superstructure  of  the  north  pier  was  rebuilt 
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and  the  channel  was  dreilp:ed  for  850  hours,  or  85  days  of  10  hours  each, 
30,(100  cubic  yards  being  the  estimated  amount  of  mWerial  removed. 

The  appropriation  of  June  18,  1878,  will  be  applied  to  a  continuation 
of  this  same  work. 

July  1,  1877,  amonnt  available |28,521  86 

Amount  appropriate  bv  act  approved  June  18,  1878 25,  000  00 

$53, 521  86 

July  1.  lf*78,  amount  expended  during  fiscal  year 12,  270  65 

July  1.  1878,  outatanding  liabilities 461  57 

12, 732  22 

Jolyl,  1878,  amount  available 40,789  64 

.imaont  (estimateil)  reijuired  for  completion  of  existing  project 94,  000  00 

Amount  that  can  l>e  profitably  exi>ended  in  fiscal  year  ending  June  30, 1880.       40,  000  00 

(See  Appendix  G  G  6.) 

7.  Imprarement  of  Dunkirk  HarhoVy  Netc  York. — During  the  year  the 
breakwater  has  been  extended  eastwardly  251  feet,  which  nearly  ex- 
hausted the  appropriation  of  August  14,  1876.  The  balance  remaining 
fifl  be  api)lied  to  the  repair  of  the  west  pier. 

To  complet4i  the  scheme  for  the  improvement  of  this  harbor  would 
require  the  extension  of  this  breakwater  2,500  feet  farther,  at  an  esti- 
mated cost  of  $162,000. 

There  appears  to  be  no  immediate  necessity  for  the  construction  of 
more  than  one-fifth  of  this,  the  estimated  cost  of  which  is  $31,000. 

July  1,  1877,  amount  available $15,704  62 

Jalv  1,  1878,  amount  expended  during  fiscal  year $8, 175  51 

Jalv  1,  1878,  outirtaDcUng  Habilities 5,028  55 

13, 204  06 

July  1,  1878,  amount  available 2,500  56 

AraAont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     31, 000  00 

(See  Appendix  G  G  7.) 

2.  Improrement  of  Buffalo  Harbor^  Ketc  York. — The  breakwater  has 
been  extended  southerly  150  feet,  a  part  of  the  superstructure,  however, 
not  being  finished  at  the  close  of  the  fiscal  year. 

The  total  length  of  breakwater  now  constructed  is  3,074  feet. 

The  $80,000  appropriated  by  act  approved  June  18,  1878,  will  permit 
a  farther  extension  of  about  350  feet. 

July  1,  1877,  amount  available |36,  522  37 

Amount  appropriate<l  by  act  approved  June  18,  1878 80,  000  00 

1116, 522  37 

July  1,  1878,  amount  expended  during  fiscal  year 12,  829  91 

Jul V  1,  1878,  outHtanding  liabilities 11, 579  45 

24,  409  36 

I* 

July  1,  1878,  amoant  available 92, 113  01 

=~=  ■   ■  ■» — 

imoont  (estimated)  reqnired  for  completion  of  existing  project 1, 735,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  encUng  June  30, 1880 .      300, 000  00 

(See  Appendix,  G  G  8.) 

9.  Imprarement  of  Wihan  Harbor ^  New  York. — ^That  part  of  the  west 
pier,  120  feet  in  length,  which  was  breached  by  the  sea  last  year,  has 
been  rebuilt,  and  the  channel  between  the  piers  has  been  dredged  out 
to  a  depth  of  9  feeU  14,302  cubic  yards  of  sand  being  removed. 

Mie  8cbeme  for  tlie  improvement  of  this  harbor  provides  for  the  ex- 
t^naon  of  the  piers  to  the  12-foot  curve,  and  the  dee])ening  of  the  chan- 
^'  to  12  feet,  at  an  eeitimated  coat  of  $80,000.    There  appears  to  b©  no 
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immediate  necessity  for  tliis,  however,  and  no  further  appropriation 
now  a«ked  for. 

July  1,  1877,  amount  available ^10, 018 

July  1,  1878,  amount  exi)en(lecl  during  fiscal  year $5, 171  16 

Julv  1,  1878,  outDtandiug  liabilities 1,418  56 

6,589 

July  1,  1878,  amount  available 3,428 

Amount  (estimated)  required  for  completion  of  existing  project 80, 000 

(See  Appendix  G  G  9.) 

10.  Improvement  of  Olcott  Harbor^  Xew  Yorlc. — Nothing  has  been  do 
lieie  during  the  year,  the  appropriation  of  March  3,  1875,  being  e^sc 
tially  exhausted. 

The  scheme  for  the  improvement  of  this  harbor  i)rovide8  for  the  ext< 
sion  of  the  piers  100  feet  farther  and  some  channel  work,  at  an  estuuat 
cost  of  $10,000  which  can  be  profitably  expended  in  the  coming  year. 

July  1,  1877,  amount  available $63 

July  1,  1878,  amount  expended  during  fiscal  year 63 

Amount  (estimated)  required  for  completion  of  existing  project 10, 000 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  10,  (KK) 

(See  Api>endix  G  G  10.) 

11.  Improvement  of  Oak  Orchard  Harbor^  Netc  YorJc, — Extensive  repa 
have  been  made  in  the  west  pier,  which  had  settled  in  several  plac 
and  a  breach  formed  at  the  inner  end  of  the  east  pier  has  been  par 
closed  by  crib- work. 

The  appropriation  of  June  18,  1878,  will  be  applied  to  the  complet 
of  these  repairs. 

July  1,  1877,  amount  available $2,001  52 

Amount  a]>propriated  by  act  approved  June  18,  1878 2, 000  00 

$4,001 

July  1,  1878,  amount  expended  during  fiscal  year 1, 57^ 

July  1,  1878,  amount  available 2,  42C 

Amount  (estimated)  required  for  completion  of  existing  project 2, 0(X1 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     2,  OOC 

(See  Appendix  G  G  11.) 

12.  Impravement  of  Charlotte  Harhorj  New  Yorh — IS^othing  has  b< 
done  here  diuing  the  year,  there  being  no  money  available. 

The  appropriation  of  June  18,  1878,  will  be  applied  to  the  repair 
the  piers. 

The  improvement  of  this  harbor  as  far  as  designed  has  been  cc 
pleted. 

July  1,  1877,  amount  available $22  54 

Amount  appropriated  by  act  approved  June  18,  1878 1, 000  00 

$1, 022 

July  1,  1878,  amount  expended  during  fiscal  year 2*-^ 

July  1,  1878,  amount  available 1,  OOC 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     1,  OOC 

(See  AppendLx  G  G  12.) 

13.  Improvement  of  Pultneyville  Harbor^  Netc  York. — ^The  east  pier  1 
been  extended  shorewai^d  90  feet. 

The  shore  end  of  the  west  pier  has  been  rebuilt  for  150  feet  and  1 
outer  ends  of  both  piers  have  been  repaired. 
The  appropriation  of  June  18,  1878,  wiU  be  applied  to  closing  1 
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g  bemreen  the  shore  and  the  inner  end  of  the  east  pier,  and  further 


w 


l>^.  amoant  avaflable $3,039  44 

appropriated  bv  act  approved  June  18,  1878 5, 000  00 

$8,  039  44 

1878,  amoant  expended  during  fiscal  year 2, 415  93 

878,  amount  available 5,623  51 

(estimated)  rwjnired  for  completion  of  existing  project 13,  (><M)  (M) 

that  can  he  profitably  expended  in  fii^al  year  ending  June  30, 1880.  13, 000  00 

Appendix  G  G  13.) 

mprorrmmt  of  Great  Sodu^  Harbor^  Xeic  Yorlc, — The  west  pier 
enavely  repaired  and  200  feet  of  the  inner  end  of  it  was  rebuilt. 
id-catch  fence  250  feet  in  length  was  bnilt  to  prevent  the  beach 
[>m  blowing  into  the  channel. 

ippropriation  of  Jnne  18,  1878,  will  be  applied  to  completing  the 
and  to  dredging  the  channeL 

?77,  amoant  available $6,472  09 

appropriated  by  act  approved  Jane  18,  1878 5,  («00  00 

%U,  472  09 

^8,  amount  expended  daring  fijical  year 3,571  2^) 

?78,  araoimt  available 7,900  86 

^estimated)  required  for  completion  of  existing  project 5.  0<N»  W» 

that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       5,  OmJ  00 

Appendix  G  G  14.) 

mprorement  of  Little  SoduM  Harbor^  Xeic  Yorl\ — The  inner  end  of 
t  pier  has  l>een  extended  landward  150  feet,  and  parte  of  the 
ractnre  of  the  west  pier,  amounting  in  all  to  630  feet  in  length, 
•en  partly  rebuilt  and  leveled  up. 

ippropriation  of  June  18,  1878,  will  be  applied  to  further  repairs 
piers  and  to  dredging  the  channel. 

ICT.  amoont  available $5.  K,^  L7 

ip|»rt>t»riated  by  act  apjiroved  June  1*,  1878 -..     1<».  Oi"'  <^«) 

$15.  ^'i6  57 

878,  amoant  expended  during  fiscal  year 3,911  40 

878,  amount  available 11,945  17 

(eitiMi»t«d)  required  for  completion  of  existing  prrject 7,i«»'»  ^W' 

that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  l^^.      7,  tiw  OU 

Appendix  G  G  15.) 

mprorement  of  (hfre^  Harbor.  Xew  Yorl\ — ^The  new  breakwater 
n  extewled  423  feet,  which  makes  its  present  lenj^th  4,116  feet, 
irs  to  the  amount  of  ^3,.'i4H»  have  been  made  to  the  older  pa  its  of 
■ucture  where  settlement  had  taken  place,  and  repairs  to  the 
of  ^3,000  have  Im^u  made  to  the  old  breakwater, 
appntpriation  of  ^rKi.iKKi  mad^  for  Xh\<  iTnpn»vement  by  a"t  of 
?5s  approved  June  1^.  1S7*<,  will.  t>e<id^s  the  n^nal  n'liairs,  iH'niiit 
n.<ion  of  the  breakwater  of  between  (ytn)  aiicl  7<m>  ff-^t. 

'TT.  ain<»unt  availa>.lr-   — $'.r.47<»<^l 

amiropriat^d  bv  act  apprr»red  June  1  ■*.  I'C^ <#».•■•»  i •  i 

'  i»14».47n  01 

187^  aannt  exMMdcd  dmins  fiscal  vear 53.  4<C  11 


l^-,  amoant  available [*^.'^^-l  > 


«e«txiiia<«d)  iwaiTpd  for  coarpWioo  of  exi-stin^^  vrrtj*^X 4*^.«*»»  «•» 

that  can  be  prodtably  r^pende^  ia  wxr^lvt^r  finiiu^  J  ajje  ^}.  1  r'!') -     ^.•-».  '.».'.•  « .•-♦ 

Appendix  G  G 16.) 
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17.  Improvement  of  Ogdenshurg  Harbor^  Ne\c  York. — Nothing  has  been 
expended  here,  there  being  no  funds  available. 

The  scheme  for  the  improvement  of  this  harbor  provided  for  a  pile 
protection  to  the  channel  at  an  estimated  cost  of  $70,000. 

There  appears  to  be  no  present  necessity'  for  the  construction  of  this 
work,  and  no  appropriation  is  therefore  asked  for  it. 

July  1,  1877,  amonnt  available $15  08 

December  11,  1877,  amount  aUotted  from  appropriatiou  for  ^^  repairs 

of  harbors  ou  Northern  Lakes" 5  .56 

12064 

.July  1,  1878,  amount  expendeti  during  fiscal  year 2064 

Amount  (estimat-ed)  required  for  completion  of  existing  project 70,  OOOOO 

(See  Appendix  G  G  17.) 

18.  Improvement  of  Waddington  Harbor j  Xew  York. — ^Nothing  has  been 
done  here  during  the  year,  there  being  no  funds  available. 

The  appropriation  of  $5,000  made  by  act  of  Congress  approved  June 
18,  1878,  will  be  applied  to  channel-work. 

Amount  appropriated  by  act  approved  June  18,  1878 $5, 000  00 

July  1,  1878,  amount  available 5,000  00 

(See  Appendix  G  G  18.) 

PACIFIC    COAST. 

IMPROVEMENT  OF  OAKLAND  AND  WILMINGTON  HAEBQBS  AND   OF  THE 
SACRAMENTO  AND  FEATHER  RIVERS,   CALIFORNIA. 

Officer  in  charge,  Maj.  G.  H.  Mendell,  Cori)8  of  Engineers. 

1.  Improvement  of  Oakland  Harbor^  California. — The  north  jetty  was 
extended  during  the  year  for  a  distance  of  540  feet  and  the  south  jetty 
a  distance  of  900  feet.  The  lengths  of  the  jetties  north  and  south  are, 
respectively,  9,500  feet  and  12,000  feet.  The  stone  consumed  by  the 
operations  of  the  year  amounted  to  25,162  tons. 

The  jetties  are  as  yet  in  an  unfinished  state  and  will  require  to  be 
raised  several  feet. 

The  dredging  of  a  channel  between  the  jetties  was  in  progress  at  tlie 
beginning  of  the  fiscal  year  and  has  been  completed.  The  amount  of 
dredging  done  in  the  year  was  13,420  cubic  yards.  The  completed 
channel  was  200  feet  in  width  and  10  feet  in  depth. 

A  recent  examination  showed  that  the  width  and  depth  in  the  upper 
part  of  the  channel  were  more  than  maintained,  and  that  this  part  is 
gradually  acquiring  the  fiill  dimensions  due  to  the  volume  of  tidal  water 
which  ebbs  and  flows  into  the  estuary. 

In  the  lower  part  of  the  channel,  on  the  other  hand,  there  has  been  a 
slight  decrease  in  the  cross-section  of  the  channel,  not  enough  to  aftect 
the  navigation  sensibly,  but  enough  to  indicate  that  the  volume  of 
water  now  passing  between  the  jetties  in  their  lower  part  is  hardly  suffi- 
(dent  to  maintain  the  existing  cross-section. 

The  operations  of  the  coming  year  will  in  part  be  directed  to  raising 
the  jetties  several  feet,  which  will  counteract  any  tendency  that  exists  to 
lessen  the  sectional  area  of  the  channel. 

It  is  possible  that  the  commerce  and  travel  in  the  harbor,  which  have 
increased  remarkably,  may  require  the  channel  to  be  widened  to  300 
feet.  If  this  shall  be  the  case,  the  dredging  ought  not  to  be  undertaken 
until  the  raising  of  the  walls  is  in  progress. 
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Jnly  1,  1877,  amonnt  aTailable ^,965  24 

Amoaut  appropruit«d  by  act  approved  June  18,  1678 80,  000  00 

1142, 965  24 

July  1,  1878,  amount  expended  during  fiscal  year 43,  322  43 

Julyl,  1878,  amount  available 99,642  81 

Amoant  (estimated)  required  for  completion  of  existing  project 980,  435  20 

AiDoimt  that  can  \>e  profitably  expended  in  fiscal  year  ending  June  30, 1860.     200, 000  00 

(See  Api)endix  H  H  1.) 

2.  Improrement  of  Wilmington  Harbor ^  California. — The  works  and 
public  proi>erty  were  under  the  charge  of  a  keeper  throughout  the  year, 
all  operations  being  suspended  for  want  of  funds.  There  has  been  an 
improvement  of  1  foot  in  the  depth  of  the  channel,  so  that  now  there  is 
a  depth  of  9  feet  at  mean  low- water,  where  there  was  but  8  a  year  ago. 
A  portion  of  tlie  timber- work,  330  feet  in  length,  has  been  seriously 
injured  by  the  Teredo  navalisy  and  will  require  protection  during  the  com- 
ing year.  The  stone  jetties  at  the  entrance  of  the  harbor  have  been 
flattened  by  the  action  of  the  sea,  and  will  need  to  be  raised  2  or  3  feet. 
The  outer  end  of  the  west  jetty  was  injured  by  the  storms  of  the  past 
winter,  which  were  unusually  severe.  Otherwise,  no  injury  which  will 
not  right  itself  was  done. 

The  sand  has  increased  in  height  at  the  upi>er  end  of  the  work  and  has 
become  more  stable  under  the  protection  of  a  sand  plant  which  was 
sown  and  grew  very  well. 

Farther  out  there  has  been  no  increase  in  sand,  and  in  some  places 
rather  a  loss. 

The  funds  available  for  the  operations  of  the  coming  year,  $20,000,  will 
be  expended  in  stone  to  be  placed  on  lines  of  the  work,  and  will  prob- 
ably be  exi)ended  before  the  expiration  of  the  year  1878.  The  estimate 
for  the  completion  of  the  work  is  $80,000,  which  the  officer  in  charge 
suggests  should  be  given  in  two  successive  appropriations. 

Jnly  1,  1877,  amount  available $943  42 

Amount  appropriated  by  act  approved  June  18,  1878 20,000  00 

$20, 943  42 

July  1, 1878,  amount  expended  during  fiscal  year 943  42 

Jnlyl,  1878,  amount  available    20,000  00 

AmcKiiit  (estimated)  required  for  completion  of  existing  project 80,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       40, 000  00 

(See  Appendix  H  H  2.) 

3.  Improvement  of  Sacramento  and  Feather  BiverSj  California. — The 
Sacramento  has  a  navigable  channel  210  miles  in  length.  The  upper  60 
miles  is  very  mnch  obstructed  by  snags  which  are  annually  thrown  into 
the  river  by  freshets.  The  lower  part  of  the  river  has  a  few  snags,  but 
it  has  shoals  which  are  a  great  obstruction. 

The  Feather  River  has  a  navigable  length  of  about  35  miles ;  it  con- 
tains some  snags,  but  not  many.  The  obstruction  to  navigation  is  here 
due  to  shoals.  The  difl&culties  are  easily  removed,  but  the  cure  is  not 
permanent^     It  has  a  small  trade. 

The  appropriation  made  in  1875  of  $15,000  was  expended,  w  i 
exception  of  a,  small  remainder  on  the  upper  60  miles  of  the  Sacramento 
and  on  the  Feather,  and  it  is  proposed  to  devote  the  greater  part  of  the 
fowls  now  available  to  the  same  objects.  The  Lower  Sacramento  has 
M  yet  received  attention.  It  needs  it  in  the  shape  of  a  survey  first, 
and  of  impn> vement  of  its  shoals  if  this  shall  appear  to  be  practicable, 

He  Sacramento  and  Feather  Bivera  were  both  examined  in  the  spring 
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in  reference  to  the  expenditure  of  available  fiinds  in  the  present  season. 
These  funds  will  be  mainly  ex^^ended  during  the  summer. 

The  appropriation  of  1875,  which  was  $15,000,  was  the  tirst  ever  made 
for  these  rivers,  and  that  of  1878  is  the  second.  The  total  amount  thus 
far  appropriated  is  $30,000. 

July  1,  1877,  amoniit  available |!243  25 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

$15,243  25 

July  1,  1878,  amount  exi)ended  during  tiscal  year 5940 

July  1,  1878,  amount  available 15,183  85 

Amount  that  can  be  profitably  exi>ended  in  fiscal  year  ending  June  30, 1880 .       20,  UOO  00 

(See  Appendix  H  H  3.) 

EXAMTNATIONS  AND  SURVEYS  FOB  IMPEOVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Lieut.  Col.  B.  S.  Alexander,  Corps  of  Engineers,  has  been  charged 
with  and  is  now  engaged  upon  examinations  and  sui^veys  at  the  follow- 
ing localities,  the  result^sof  which  will  be  duly  submitted  when  received: 

1.  Crescent  City  Harbor^  California^  with  a  view  to  it^  adaptahility  as  a 
harbor  of  refuge. 

2.  Humboldt  River ^  California^  with  a  view  to  its  adaptability  as  a  harbor 
of  refnge, 

IMTROVEIVIENT  OF  THE  HARBOR  AT   SAN  DIEGO — IMPR0VE3IENT  OF  SAlf 

JOAQUIN  RIVER,  CALIFORNIA. 

Officer  in  charge,  Lieut.  Col.  C.  S.  Stewart,  Corps  of  Engineers. 

1.  Improvement  of  Jmrbor  at  San  Diego j  California. — Owing  to  a  cloud- 
burst on  October  14, 1877,  some  damage  was  done  to  the  earthen  levee, 
which  was  repaired  before  winter  set  in.  The  rains  of  the  wet  season 
have  ma<le  a  few  holes  in  this  embankment  to  be  repaired  during  this 
autumn.  The  appropriation  for  this  work  is  about  exhausted,  and  the 
money  on  hand  will  be  expended  on  repairs  referred  to  above.  A  new 
appro])ri{ition  for  yearly  repairs  is  needed.  These  may  i)robably  cost 
from  $200  to  $300  aft4?r  each  wet  season, 

July  1,  1877,  amount  available  . $201  74 

July  1,  1878,  amount  expended  during  fiscal  year 133  52 

July  1,  1878,  amount  available 68  22 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18S0, 
and  succeeding  years,  for  reiiairs 1,000  00 

(See  Appendix  III.) 

2.  Improvement  of  San  Joaquin  Birer^  California. — During  August 
and  Septend)er,  1877,  a  survey  was  made  of  this  river  below  Stockton. 
In  December  a  contract  to  remove  portions  of  a  point  at  the  outlet  of 
Bunis's  Cut-off  and  at  the  De\irs  Elbow  and  to  dredge  certiiin  shoals  in 
the  narrows  was  entered  into,  and  the  work  begun  on  December  27, 1877, 
and  finished  April  17,  1878.  Total  amount  of  material  removed,  23,013 
cubic  yards.  The  plan  of  improvement  adopted  is  completed.  It  is 
proi)osed  to  make  a  resurv^ey  with  funds  on  hand  during  the  coming 
fiscal  year. 
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Jnlyl,  1877,  amount  available |19,923  20 

July  1, 1878,  amoimt  expended  during  fiscal  year 19,363  29 

JnJy  1, 1878,  amount  available 629  91 

(See  Api>eiidix  1 1  2.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  the  provisions  of  the  river  and  harbor  act,  June  18, 
1878,  Lieutenant-Colonel  Stewart  has  been  charged  with  and  is  now 
engajs^ed  n^wn  examinations  and  surveys  at  the  following  localities,  the 
results  of  which  wiU  be  duly  submitted  when  received : 

1.  The  h/irhor  of  San  Luw  Obispo,  CaUfomiu,  with  a  view  to  the  practi- 
cability of  building  breakicater. 

2.  The  harbor  of  San  Buenaventnra,  California,  with  a  view  to  thepracti- 
eaMlity  of  building  breaJctcater, 

3.  the  harbor  of  Santa  Barbara,  California,  with  a  view  to  the  practica- 
hilitjf  of  building  brealcwater. 

4.  Cohyrado  of  the  West,  from  Fort  Yuma  to  El  Dorado  Canan. 

mPEOVEMENT  OF  RIVERS  IN    OREGON    AND    IN  WASHINGTON    TERRI- 
TORY— CONSTRUCTION  OF  CASCADES  CANAL,   COLUMBIA  RIVER. 

OflScer  in  charge,  Maj.  John  M.  Wilson,  Corps  of  Engineers. 

1.  Improvement  of  the  Lower  Willamette  and  Columbia  Rivers,  Oregon, — 
Operations  during  the  year  have  consisted  of  dredging  at  the  mouth 
of  the  Willamette  and  Jit  Swan  Island  Bar,  Willamette  Eiver,  and  at 
Saint  Helen's  Bar,  Columbia  River. 

Sun^eys  have  been  made  at  Swan  Island,  Post  Office,  mouth  of  Willa- 
mette and  Saint  Helen's  Bars,  and  at  Sand  Island,  mouth  of  Columbia 
River. 

Extensive  repairs  have  been  made  upon  the  United  States  dredge  and 
scows. 

During  the  present  season  it  is  proposed  to  continue  dredging  the 
channel  over  the  bars  in  the  Willamette  River  and  at  Saint  Helen's  in 
the  Columbia,  and  to  scrape  the  bar  at  Snag  Island,  Lower  Columbia. 

Jnly  1.  1H77,  amount  available - $18,584  54 

Amiynnt  app^^>l)riat4^d  by  act  approved  June  18,  1878 30,  (HK)  00 

48,584  54 
July  1,  1878,  amount  expended  during  fiscal  year 11, 772  65 

July  1,1878,  amount  available 36,811  89 

Amonnt  ((estimated)  required  for  completion  of  existing  project 208,984  00 

Anioant  rbnt  can  be  jirofital)ly  expended  in  fiscal  year  ending  June  30, 1880.  150,  (M)0  00 

(See  Api^ndix  JJ  1.) 

2.  Improrement  of  the  Upper  Willamette  River,  Oregon. — Operations 
daring  the  fi.scal  year  have  consisted  of  the  removal  of  snags  and  stumps, 
coDj<tnietion  of  'wing-dams,  making  surveys,  and  preparing  charts. 
Tliiw  thousand  eight  hundred  and  forty  linear  feet  of  wing-dams  have 
been  biiiJf,  673  trees,  stumps,  &c.,  removed  from  the  channel,  and  over 
M  overhan^n^  trees  cut  from  the  banks  of  the  river. 

During  the  present  season  it  is  proposed  to  continue  the  removal  of 
fliagT*,  &c.,  from  the  channel,  to  remove  portions  of  Bissell's  and  Dove's 
^hy'to  repair  urini^-dams,  build  short  dams  for  sluicing  out  bars,  and 
tosoape  the  baxs  vrhere  it  maj  he  found  necessary. 
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July  1,  1877,  amount  available |14, 246  54 

Amount  appropriated  by  act  approved  June  18, 1878 20, 000  00 

$34,246  54 

July  1,  1878,  amount  expended  during  fiscal  year 14, 120  29 

July  1,  1878,  amount  available 20,126  25 

Amount  (estimated)  remiired  for  completion  of  existing  project 60, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jime  30, 1880 .      40, 000  00 

(See  Appendix  J  J  2.) 

3.  Improvement  of  the  Upper  Columbia  and  Snake  Rivers^  Oregon  aid 
Washington  Territory. — Operations  during  the  fiscal  year  were  carried 
on  in  November  and  December,  1877,  removing  rocks  from  the  channel 
at  the  Upper  Umatilla  Rapids. 

A  survey  was  made  of  the  Upper  Umatilla  Rapid,  and  a  buoy  located 
at  the  upper  entrance  to  the  channel. 

During  the  coining  winter  it  is  proposed  to  continue  work  of  removing 
rock  at  Five-mile  and  Pine  Tree  Rapids  in  the  Snake  River. 

July  1, 1877,  amount  available $5,750  09 

Amount  ajipropriated  by  act  approved  June  18,  1878 20, 000  00 

$25,750  09 

July  1, 1878,  amount  expended  during  fiscal  year 5, 750  09 

July  1,  1878,  amount  available 20,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 112, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       75,  000  00 

(See  Appendix  J  J  3.) 

4.  Construction  of  canal  around  tlie  Cascades  of  tlie  Columbia  River^ 
Oregon. — The  plans  and  estimates  for  this  canal,  submitted  by  the  offi- 
cer in  charge,  were  referred  to  the  Board  of  Engineers  for  the  Pacific 
Coast  for  examination,  and  having  been  approved  by  the  boaixl,  with 
some  minor  changes  as  to  the  size  of  locks  and  height  of  the  breiikwater 
below  tliem,  the  plan  was  finally  approved  by  this  office  and  by  the  Sec- 
retary of  War.    (See  Appendix  J  J  4.) 

To  meet  the  possible  ftiture  wants  of  commerce,  the  width  of  50  feet 
recommended  by  the  board  of  engineers  has  been  incre^^ed,  with  the 
approval  of  the  Secretary  of  War,  to  70  feet,  at  an  estimated  increase 
of  cost  of  about  $30,000. 

Proceedings  for  the  condemnation  of  the  land  required  for  the  canal 
were  still  pending  at  the  close  of  the  fiscal  year.  The  amount  of  work 
that  can  be  accomplished  during  the  next  fiscal  year  depends  uj>ou  the 
time  at  which  possession  can  be  had. 

July  1,  1877,  amount  available $85,383  35 

Amount  appropriated  by  act  approved  June  18,  1878 150, 000  00 

$235,  383  35 

July  1,  1878,  amount  expended  during  fiscal  year 5, 854  05 

July  1,  1878,  amount  available 229,529  30 

Amount  (estimated)  required  for  completion  of  existing  project 1,  524, 338  00 

Amount  that  can  be  profitably  expended  in  fiscal  vear  ending  June  30, 

1880 500,000  00 

(See  Appendix  J  J  4.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Major  Wilson  has  been  charged  with  and  is  now  engaged  upon 
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examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  received : 

1.  The  entrance  of  Coos  Bay, 

2.  Cape  FoulweatheTy  Oregon^  to  ascertain  its  adaptability  as  a  harbor  of 
refuge. 

3.  Cleanrater  River j  Idaho. 

4.  Port  Orfordj  Oregon  j  to  ascertain  its  adaptability  for  a  harbor  of  refuge. 

5.  Rogue  Rirer^  Oregon^  between  Soottsburg  and  its  mouth. 

6.  Coquille  River^  Oregon. 

7.  Alsea  River  and  Bay^  Oregon. 

IMPROVEMENT    AND    CARE    OF    PUBLIC   BUILDINGS    AND    GROUNDS    IN 
THE  DISTRICT  OP  COLUMBIA — ^WASHINGTON  AQUEDUCT. 

Officer  in  charge,  Lieut.  Col.  Thos.  Lincoln  Casey,  Corj^s  of  Engineers. 

1.  Improvement  and  cure  of  Public  Buildings  and  Grounds  in  the  District 
of  Columbia. — The  condition  of  the  public  reservations  in  the  city  of 
Washington,  and  the  character  of  the  improvements  made  on  them,  will 
be  found  stated  in  the  detailed  report  of  the  officer  in  charge.  His  esti- 
mates for  the  fiscal  year  ending  June  30,  1880,  are  as  follows : 

For  iniprovement  and  care  of  public  buildings  and  grounds $145^  ^00  00 

For  compenHatiou  to  jiersons  employed  on  and  around  public  buildings 
and  grounds 42,320  00 

187, 520  00 

(See  Appendix  KK  1.) 

2.  Washington  Aqueduct. — ^The  amoiuit  appropriated  by  Congress  for 
the  fiscal  year  ending  June  30,  1878,  was  $15,000.  This  has  been  ex- 
pended in  widening  and  strengtliening  embankments,  and  keeping  the 
roa^is,  bridges,  culverts,  re^servoirs,  gate-houses,  pipe  line,  &c.,  in  repair, 
together  with  supervising  the  general  distribution  of  Potomac  water  in 
the  conduits,  reservoirs,  and  iron  mains. 

The  estimates  of  the  oflftcer  in  charge  for  the  fiscal  year  ending  June 
30, 1880,  are  as  follows : 

For  engineering,  maintenance,  repairs,  and  construction $116, 000 

(See  Api>endix  KK  2.) 

SURVEYS  AND  EXAMINATIONS  WITH  A  VIEW  TO  THE 
IMPROVEMENT  OF  RIVERS  AND  HARBORS. 

For  examinations  and  surveys  of  rivers  and  harbors  for  which  there 
is  no  s{»ecial  appropriation,  an  appropriation  of  $150,000  should  be  made. 

SURVEY   OF    NORTHERN   AND    NORTHWESTERN    LAKES    AND 

THE  MISSISSIPPI  RIVER. 

Officer  in  charge,  Maj.  C.  B.  Gomstock. 

During  tlie  temi)orary  absence  of  Major  Comstock,  the  work  was  in 
chs^rge  of  Capt.  H.  M.  Adams,  who  had  under  his  immediate  orders 
First  Lients.  D.  W.  Lockwoo<l,  C.  F.  Powell,  and  P.  M.  Price,  and  the 
foUoning  principal  assistant  eng^ineers:  O.  B.  Wheeler,  E.  S.  Wheeler, 
A.  R.  FliDtj  G.  Y.  Wisner,  R,  S.  Woodward,  A.  C.  Lamson,  F.  M.  Towar, 
F.  Terry,  A.  T.  Morrow,  J.  H.  Darling,  and  F.  W.  Lehnartz. 

Progress  of  the  work  during  the  year. — On  Lake  Erie  the  triangidation 
has  been  carried  from  Cleveland,  Ohio,  to  the  west  end  of  the  lake. 
Hie  fopography  and  hydrography  have  been  extended  to  include  all  o? 
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the  American  shore,  and  the  Canadian  shore  from  Detroit  Kiver  to 
Point  Pel6e.  A  base-line  has  been  measm^ed  near  Chicago  and  the  con- 
necting triangidation  east  has  been  completed  to  White  Pigeon,  Mich. 

The  latitude  and  longitude  of  Memphis,  Tenn.,  have  been  determined, 
and  in  connection  with  Capt.  W.  S.  Stanton,  United  States  Engineers, 
the  longitudes  of  Fort  Laramie,  Wyo.,  Camp  Robinson,  Neb.,  and  Dead- 
wood,  Dak.,  have  been  determined. 

The  survey  of  the  Mississippi  River  has  been  carried  from  Mound  City, 
above  Memphis,  to  Scanlon's  Landing,  Ark.,  and  a  line  of  precise  levels 
has  been  completed  from  Memphis,  Tenn.,  to  Austin,  Miss. 

A  chart  of  Lake  Ontario,  coast  charts  Nos.  1  and  2  Lake  Ontario, 
coast  charts  Nos.  7,  8,  and  9  Lake  Michigan,  and  detail  charts  Nos.  1, 2, 
3,  4,  5,  6,  and  7  Mississippi  River  have  been  completed. 

Amount  available  for  fiscal  year  1878-79 ^,000  00 

Amount  required  for  fiscal  year  ending  June  30,  1880,  namely,  for  comple- 
tion of  triangulation  south  from  Chicago  and  east  to  Lake  Erie ;  for 
reduction  of   work  and  construction  of  maps,   for  determining  points 

in  aid  of  State  surveys,  and  miscellaneous 85, 000  00 

For  continuing  the  survey  of  the  Mississippi  River  and  its  tributaries  with 
a  view  of  det^nuining  the  pixiper  method  of  reclaiming  from  overflow  the 
alluvial  lauds  of  the  Mississipx)i  Delta  and  impi^oving  the  navigation  of 
thetiver 158,660  00 

(See  Appendix  LL.) 

MAPS   OF   CAMPAIGNS  AND   BATTLE-FIELDS. 

The  map  of  the  battle-field  of  Gettysburg,  in  tliree  sheets,  sho^^ing  the 
positions  of  the  two  armies  on  the  mornings  and  evenings  of  July  1,  2, 
and  3,  prepared  under  the  direction  of  Maj.  G.  K.  Warren,  has  been 
completed  and  distributed. 

The  field  of  the  important  operations  of  August  28,  29,  and  30,  1862, 
ne^r  Groveton,  Va.,  never  having  been  surveyed  by  the  Engineei*  Corps, 
an  allotment  of  $1,000  for  this  purpose  was  made  early  in  June,  1877, 
and  the  duty  assigned  to  Major  Wan^en  of  making  such  survey  as  the 
means  would  allow.  This  survey  was  in  progress  at  the  close  of  the 
fiscal  year. 

MILITARY,   GEOGRAPHICAL,   AND  LAKE-SURVEY  MAPS. 

In  the  Office  of  the  Chief  of  Engineers. 

The  compilation  of  the  Atlanta  campaign  maps  has  been  completed, 
and  an  adclition  has  been  photoUthographed,  and  distributed  to  the  mili- 
tary posts. 

Considerable  progress  has  been  made  in  the  compilation  and  drawing 
of  a  new  edition  of  the  map  of  the  territory  of  the  United  States  west  of 
the  Mississippi  River,  scale  joffhrffo*  ^^  ^^  hoped  that  this  map  will  be 
reatly  for  publication  early  in  the  coming  year. 

The  mai)s  of  Montana  and  Dakota  have  been  revised  by  Lieut.  Edward 
Maguire,  Corps  of  Engineers,  Chief  Engineer  Department  of  Dakota, 
and  are  now  in  the  hands  of  the  engraver. 

Atlas  sheet  No.  10  of  the  Territory  of  Arizona,  compiled  at  headquar- 
ters Department  of  Arizona,  has  been  received.  It  will  be  photolitho- 
graphed,  and  an  edition  printed  for  distribution  to  the  Army. 

A  map  showing  the  defenses  of  Cincinnati,  Covington,  and  Newport 
during  the  late  war  has  been  photolithographed  and  printed. 

A  map  of  the  Mississippi  River  between  the  Illinois  and  Ohio  Rivers 
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(in  nine  sheeti^),  from  surveys  by  Lieut.  Col.  W.  F.  Raynolds  and  Col.  J. 
H.  Simpson,  has  been  i>hotolithograi)lied  and  an  edition  printed. 

A  map  of  the  Mi88i88ii)pi  River,  from  the  Falls  of  Saint  Anthony  to 
the  mouth  of  the  Illinois  (in  twenty-six  sheets),  compiled  from  surveys 
of  Maj.  G.  K.  Warren  and  CoL  J.  N.  Macomb,  Corps  of  Engineers,  by 
Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  is  now  in  the  hands  of  the 
photolithographer,  in  order  that  an  edition  may  be  printed. 

Thirty -seven  detail  drawings  of  Des  Moines  Rapids  locks  and  canal, 
of  the  Mis8issipi)i  River,  have  been  engraved  on  stone  and  an  edition 
printed. 

Lake-survey  charts  Nos.  1,  2,  and  3  of  the  Mississippi  River  near 
Cairo,  and  charts  Nos.  4,  5,  6,  and  7  near  Memphis,  have  been  photo- 
lithographed. 

Lake-8ur\  ey  charts  of  Lake  Ontario,  Lake  Ontario  coast  charts  Nos. 
1  and  2,  Lake  Michigan  coast  charts  Nos.  8  and  9  have  been  photolitho- 
graphed,  and  an  edition  printed  in  advance  of  the  engraved  edition. 
These  charts  are  now  in  the  hands  of  the  engraver;  Lake  Michigan 
coast  chart  No.  4  is  also  in  the  hands  of  the  engraver,  a  photolitho- 
graphic edition  having  been  printed  in  advance. 

The  following  lake-survey  charts  have  been  engraved  on  copper,  viz : 

Chart  of  Detroit  River. 
Lake  Michigan  coast  chart  No.  1. 
Lake  Michigan  coant  chart  No.  2. 
Lake  Michigan  coast  chart  No.  6. 
Lake  Michigan  c<»aHt  chart  No.  7. 
Saint  Lawrence  River  chart  No.  5. 
Saint  Lawrence  River  chart  No.  6, 

GEOLOGICAL   EXPLORATION  OF  THE   FORTIETH   PARALLEL. 

Mr.  Clarence  King,  United  States  civil  engineer,  in  charge. 

During  the  year  the  operations  of  this  survey  have  been  entirely  con- 
fined to  the  office,  consisting  in  superintendence  of  publication  of  the 
atlas  and  text. 

Leave  of  absence  was  granted  Mr.  King  from  July  1, 1877,  till  October 
31,  1877,  and  during  that  interval,  there  being  no  employes  attached  to 
his  office,  the  operations  of  the  work  were  suspended. 

Active  work  wa«  rcvsumed  November  1  and  continued  to  date.  Through- 
ont  that  time  the  force  of  the  office  has  consisted  of  himself  and  one 
general  a^^istant. 

The  entire  interval  has  l)een  devoted  to  the  revision  of  the  manuscript 
of  volume  I,  "  Systematic  Geology,"  of  the  series  of  reports,  and  the 
printing  of  the  same. 

Comj)osition  has  proceeded  at  the  office  of  the  Public  Printer  up  to 
page  670. 

Tlie  manuscript  is  all  done,  and  will  carry  the  text  up  to  about  760 
pages. 

It  is  estimated  that  the  volume  and  index  will  be  all  stereotyped  by 
August  10  or  15,  and  printed  and  bound  by  the  end  of  September. 

I>aring  the  year  the  illustrations  of  volume  VII,  Vertebrate  Palaeon- 
iology,  have  been  completed  and  paid  for.  Professor  Marsh  has  made 
^ood  progress  with  the  manuscript  of  volume  VII,  and  expected  to  have 
it  completed  by  early  winter. 

During  the  year  volumes  IV,  Palaeontology  and  Ornithology,  and  II, 
l>««criptive  Geology,  have  been  finished  by  the  Public  Printer  and  dis- 
tributed. 
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The  General  Topographical  and  Geological  Atlas  has  also  been  dis- 
tributed in  part. 

For  the  completion  of  the  whole  work  there  only  remain  the  few  addi- 
tional pages  of  printing  on  volume  I  and  the  text  of  volume  VIl. 

(See  Appendix  M  M.) 

GEOGRAPHICAL  SURVEYS  OF  THE  TERRITORY  OF  THE  UNITED 
STATES   WEST   OF   THE   ONE-HUNDREDTH  MERIDIAN. 

OflBcer  in  charge,  First  Lieut.  George  M.  Wheeler,  Corps  of  Engineers, 
having  under  his  orders  First  Lieuts.  Eric  Bergland,  Samuel  E.  Tillman, 
and  Thomas  W.  Symons,  and  Second  Lieuts.  Eugene  Griffin  and  Willard 
Young,  Corps  of  Engineers ;  First  Lieut.  Rogers  Birnie,  Jr.,  Ordnance 
Department ;  First  Lieut.  Charles  C.  Morrison,  Sixth  Cavahy ;  Second 
Lieuts.  Benjamin  H.  Randolph  and  Henrj^  H.  Ludlow,  Third  Artillery ; 
and  Second  Lieut.  M.  M.  Macomb,  Fourth  Artillery. 

During  the  year  the  following  gentlemen  have  been  engaged  in  the 
investigation  of  special  subjects :  Dr.  F.  Kampf,  astronomer,  triaugula- 
tion  observer,  and  computer ;  John  A.  Church,  mining  engineer ;  A.  B. 
Conkling,  geological  assistant  |  H.  W.  Henshaw,  ornithologist. 

Dr.  F.  Kampf  died  at  his  residence  in  Wasliington  after  a  short  illness, 
resulting  from  a  concussive  blow  upon  the  forehead,  accidentally  re- 
ceived while  on  duty  in  the  field. 

Dr.  J.  T.  Rothrock,  professor  of  botany  at  the  University  of  Pennsyl- 
vania, has  devoted  considerable  time  to  the  final  preparation  of  the  man- 
uscript for  volume  VI,  and  now,  with  the  assistance  of  the  colaborers 
in  this  branch,  is  engaged  in  reading  proof. 

Prof.  F.  W.  Putnam,  curator  of  the  Peabody  Museum,  Cambridge, 
Mass.,  has,  at  intervals  taken  from  his  other  professional  labors,  advanced 
nearly  to  completion  his  part  of  the  manuscrijjt  of  volume  VII  of  the 
quarto  reports,  and  has  superintended  the  i)reparation  and  proiiuction 
of  the  illustrative  cuts. 

Prof.  John  J.  Stevenson,  late  of  the  Pennsylvania  State  geological 
survey,  and  member  of  the  expedition  of  1873,  resumes  his  labors  upon 
Western  geology,  and  will  pay  especial  attention  during  the  coming  sea- 
son to  the  outcrops  of  the  Coal  Measures  at  the  east  base  of  the  Rocky 
Mountain  ranges  of  Colorado  and  New  Mexico. 

The  funds  approi)riated  for  this  survey  by  the  act  approved  March  3, 
1877,  having  been  made  immediately  available,  the  members  of  the  expe- 
dition of  this  year  were  enabled  to  take  the  field  early  in  May,  during 
which  month  the  entire  working  field  force  of  the  survey,  consisting  of 
thre;e  sections,  known  as  the  Colorado,  Utah,  and  California,  com]K>sed 
of  ten  parties,  was  effectively  organized  and  engaged  in  the  prosecution 
of  its  labors. 

The  several  parties  were  distributed  in  those  portions  of  California, 
Oregon,  Nevada,  Utah,  Idaho,  Montana,  Wyoming,  Colorado,  New  Mex- 
ico, and  Texas  embraced  by  atlas  sheets  23  B,  32  C,  32  D,  38  B,  38  D, 
41  A,  41 B,  47  B,  48  D,  52  D,  56  B,  61  A,  .77  D.  and  84  B.  (See  Progie«s 
map  accompanying  Ai)pendix  NN.)  The  field  season,  as  usual,  wa«  ex- 
tended as  late  as  the  early  and  extreme  cold  of  the  mountain  regions 
visited  would  permit.  The  parties,  during  the  latter  days  of  November 
and  early  part  of  December,  disbanded  at  Carson,  Nev.,  Ogden,  Utah, 
Fort  Garland,  Colo.,  and  Fort  Union,  N.  Mex. 

The  drainage  basins  occui)ied  were  portions  of  the  northwestern  arm 
of  the  "great  interior  basin,"  and  those  of  the  Pecos,  Kio  Grande,  Ar- 
kansas;  Gunnison  and  its  tributaries,  Bear  and  Snake  rivers,  and  creeks 
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CDtenng  the  latter  from  the  south,  together  with  areas  bordering  on 
several  streams  of  various  magnitudes  debouching  from  the  Sierra  Ne- 
Vadas  upon  the  great  inland  valleys  of  Central  California. 

During  the  month  of  March,  a  special  topographical  and  hydrograph- 

ical  survey  of  the  Great  Salt  Lake  basin  was  begun.    This  contemplates, 

in  addition  to  the  detailed  topographical  survey  of  the  entire  basin  that 

has  Greiit  Salt  Lake  as  its  reservoir,  an  accurate  meander  of  the  shores 

of  the  lake  and  its  islands,  with  the  soundings  needetl  to  determine  its 

present  volume,  observations  upon  the  evaporation  at  the  suiface,  with 

periodic  rise  and  fall,  the  measurement  at  different  seasons  of  the  inflow 

and  rainfall,  and  other  meteorological  observations  at  stations  located 

upon  the  incoming  streams.    The  Jordan^  Weber,  and  Bear  rivers,  the 

principal  sources  of  supply,  were  measured.    Nearly  two-thirds  or  the 

meander  has  been  completed,  and  a  number  of  soundings  made.    The 

continuation,  at  a  trifling  expense,  of  this  work,  will  be  prosecuted,  as 

drcnmstances  permit,  from  the  Ogden  offiC/C  of  the  survey. 

While  the  exi)editiouary  parties  are  engaged  in  the  field,  a  small  an- 
nual office  force  is  employed  in  completing  the  necessary  computations 
and  the  delineation  of  the  final  atlas  sheets.  A  temporary  field  office 
was  established  at  Ogden,  Utah,  during  the  past  winter,  and  will  here- 
after be  occupied  by  such  of  the  assistants  as  may  be  available.  Such 
field  astronomical  latitude  stations  only  as  have  been  found  requisite  for 
cJieeking  the  measured  lines  of  survey  through  mountain  passes,  canon 
defiles,  and  along  routes  from  which  main  and  secondary  triangulation 
points  are  not  \isible,  have  been  determined. 

The  project  submitted  for  the  season  of  1878  contemplated  the  estab- 
lishment of  at  least  five  longitude  and  latitude  determinations  at  main 
stations,  selected  at  positions  favorable  for  checking  the  extended  belts 
of  triangulation.  During  the  season  of  1877  five  bases  were  measured, 
at  the  following  i)oints:  (1)  Ogden,  Utah;  (2)  between  Terrace,  Utah, 
and  Lncin,  Utah,  on  the  Central  Pacific  Kailroad ;  (3)  near  Austin,  Nev. ; 
(4)  near  Bozeman,  Mont. ;  (5)  near  Verdi,  Nev.^  on  the  Central  Pacific  Kail- 
road.  In  each  case  connection  was  made  with  the  initial  astronomical 
stations  in  the  vicinity  and  with  the  vertices  of  triangles  of  the  main 
belts  adjacent.  During  the  same  season  145  sextant  latitude  stations 
were  occupied,  56  triangles  about  bases  measured,  and  observations  made 
at  106  main  and  264  secondary  triangulation  stations,  2,474  three-point 
and  cross-sight  stations,  and  12,366  minor  i>oints  occupied. 

Magnetic  variations  were  determined  at  424  points  and  10^801  miles 
ineasure<L  The  necessary  observations  were  made  at  10,438  cistern  and 
aneraid  barometer  stations  for  differences  of  altitude.  The  locations  of 
60  mineral  and  thermal  springs  have  been  defined,  and  19  mining  camps- 
risited.  A  number  of  lots  and  specimens  of  minerals,  fossils,  mammal.s, 
birds^  reptiles,  fishes,  insects,  shells,  &c.,  have  been  collected. 

In  the  oflfice,  106  astronomical  positions  have  been  comi)uted,  87  sta- 
ti«i8  adjusted  by  method  of  least  squares,  1,149  triangles,  2,298  dis- 
tances, 295  longitudes  and  latitudes,  and  352  azimuths  computed,  and 
1,356  cistern  barometer  and  7,798  aneroid  altitudes  have  been  computed. 

There  have  been  14  sheets  and  parts  of  sheets  plotted  on  a  scale  of  1 
inch  to  2  mileSj  and  6  special  sheets  drawn  to  various  scales. 

The  number  of  final  or  completed  atlas  sheets  drawn  and  submitted 
^nth  the  report  for  the  year  is  nine;  1,542  reports  and  12,768  maps  have 
been  distributed.  The  increasing  call  for  reports  and  maps  from  vari- 
<MW  sectioDB  of  the  country,  and  notably  from  those  interested  in  the 
Element  of  these  western  regions,  is  an  indication  that  the  results  of 
^^  survey  to  »  certain  extent  meet  a  popular  want 
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After  tlie  passage  of  the  appropriation  for  this  survey  on  tlie  20th  or 
June,  the  regular  parties,  nine  in  number,  of  which  two  admit  of  oper- 
ating as  double  parties,  consisting  of  foity-six  obser\^ers,  took  the  tielA 
early  in  July  in  three  divisions,  known  as  the  Colon\do,  Utiih,  and  Cah- 
fomia  sections. 

Three  main  astronomical  parties  also  proceeded  to  their  respective 
posts  for  the  pui^wse  of  establishing  the  longitude,  latitude,  and  altitude 
of  stations  at  Walla  Walla,  Washington  Ter. ;  Dalles,  Oreg. ;  Fresno, 
Cal.;  Fort  Bliss,  Tex.;  and  Fort  Bayard,  N.  Mex.  These  parties,  twelve 
in  all,  are  distributed  in  the  following  political  divisions :  Two  in  Cah- 
foniia ;  one  in  pait«  of  Nevada,  California,  and  Oregon ;  three  in  parts  ot 
Nevada  and  California;  one  in  Utah;  one  in  Oregon  and  California;  two 
in  Colorado  and  New  Mexico ;  two  in  New  Mexico  and  Texas ;  and  in 
areas  embraced  by  atlaa  sheets  Nos.  12,  20,  29,  38,  47,  50,  48,  73,  80,  41, 
70,  78,  84,  and  1)0.  (See  Progress  map  of  1878.)  The  Washington  office 
continues  its  labors  as  usual.  The  expedition  of  1878,  larger  than  any 
other  in  number  of  observers,  takes  the  field  well  equi[>[)ed,  and  the 
season,  when  prolonged  as  intended  until  December,  will  admit  of  still 
fiuther  accumulation  of  toi)ogTaphical  data  re<iuired  for  the  thorough 
and  vigorous  prosecution  toward  completion  of  the  survey  needed  for 
the  detailed  topographical  map  of  the  entire  region. 

Prof.  J.  J.  Stevenson,  with  one  iissistant,  is  to  be  engaged  during  the 
season  along  the  mountain  ranges  between  the  Rio  Grande  and  the 
plains,  and  south  of  the  Spanish  Peaks,  in  Colorado.  He  will  make  de- 
tailed sections  of  the  coal  croppings  and  worked  beds.  Ha\ing  the  de- 
tailed toiK)graphical  maps  of  this  section,  ali*eady  published,  to  facilitate 
his  labors,  it  is  exi)ected  that  the  geological  formations  C4Ui  be  laid  down 
with  great  rapidity  and  accunicy.  Tlie  spe<!ial  examinations  of  the  Com- 
st(K*k  loile  ai'e  being  i>rosecuted,  consisting  of  the  completion  of  the  de- 
tailed contour  map,  the  following  of  the  works  in  depth  and  along  the 
Sutro  tunnel,  furtlier  data  for  the  longitudinal,  vertical,  and  horizontal 
sections,  observations  upon  temperatures,  ventilation,  aud  drainage  of 
the  mine«,  and  of  the  geology  of  the  surface,  and  collections  from  va- 
rious tunnel  and  other  levels. 

The  officer  in  charge  suggests  that,  were  funds  available,  winter  pjirties 
could  successfully  conduct  their  operations  in  the  southern  i)ortion  of 
the  field  and  near  the  Mexican  border,  while  during  the  summer  months 
parties  can  operate  north  of  the  Pacific  railroads,  thus  ke4?x)ing  an  exj^e- 
dition  permanently  in  the  field;  and  this  course  being  in  the  direction  of 
a  rapid  completion  of  the  work,  more  especially  commends  itself  in  \iew 
of  the  Indian  campaigns  of  the  past  few  years  rendered  necessary  against 
the  hostiles,  in  which  the  want  of  accurate  and  detailed  topogra])hical 
mai)s  of  the  western  mountain  regions  has  been  felt.  And  1  have  again 
the  honor  to  suggest  that  the  item  for  continuing  this  survey  may  with 
propriety  be  placed  upon  the  Army  appropriation  bill.  (See  letter  of 
Lieutenant  Wheeler,  in  appendix  to  book  of  estimates  lor  1871)  and 
1880.) 

Volume  II  (Astronomy  and  Bjirometric  Hypsometry)  of  the  quarto  re- 
ports authorized  to  be  published  by  act  of  Congress  has  been  issued  from 
the  press,  and  proof  reacting  of  volume  VI  (Botany)  is  now  being  rapidly 
advanced.  The  tables  of  declinations  of  2,018  latitude  stars  are  in  print 
and  available  for  the  special  astronomicid  work  of  the  present  se^ison. 
As  soon  as  Vol.  VI  goes  to  press  the  manuscripts  of  Vols.  I  and  Vll, 
the  remainder  of  those  now  approved,  will  be  placed  in  the  hands  of 
the  Printer.  With  slight  exceptions,  tJie  illustrations  for  the  above 
volumes  have  been  engraved  and  printed. 
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yiue  toixigrapliical  sheets  Lave  been  added  to  the  atlas,  and  19  others 
aj»pit>aeh  conipletioii  iu  the  various  stages*  of  progress.  The  geological 
iiit'aniiatioii  requisite  for  delineation  upon  the  sheets  to  aeeouipany 
Vol.  Ill,  and  tor  othei-s  of  the  regular  atlas,  is  being  gathere<l. 

The  special  topographical  sheet,  on  a  scale  of  1  inch  to  1  mile,  of  the 

vidnitj'  of  Lake  Tahoe,  endjKU'ing  the  Virguiia  and  Tnickee  liaih'oad, 

and  that  part  of  the  Central  Pacific  Kailroail  across  the  Sierras,  with  the 

Washoe  mining  region,  of  the  size  of  6  full  atlas  sheets,  is  tinaUy  plotted 

*and  awaits  publication.    The  plot,  on  a  scivle  of  1  inch  to  500  feet,  of 

the  contour  su^^'ey  of  the  Aicinitv^  of  the  Conwtock  lode,  equivalent  in 

me^  when  re<luced  to  1  inch  to  1,500  feet,  of  four  uniform  atlas  sheets, 

needs  bat  a  small  amomit  of  data  for  its  completion.    These  maps,  based 

uiK)n  a  comparatively  large  number  of  computed  i)oint8,  are  the  most 

detailed  yet  produced  by  the  survey. 

Land  classification  maps,  based  upon  the  regular  topographical  sheets, 
are  being  prei>ared  and  pubhshed  as  fast  as  jiossible,  and  hereafter  the 
notes  for  a  more  minute  representation  of  the  character  of  the  surface  of 
the  region  visited  are  required  of  the  several  parties  in  the  instructions 
given  by  the  officer  in  charge.  Besides  the  value  of  these  maps  to  the 
land  branch  of  the  government,  they  must  prove  of  service  to  the 
emigrant  settler  and  capitalist  interested  in  the  regions  represented. 

The  topographical  maps,  which  are  the  main  results  of  the  survey,  are 
regidarly  published  as  fast  as  completed,  and  become  at  once  available 
for  the  purposes  of  the  War  Department  and  other  branches  of  the  gov- 
enmient  service,  and  subsequently  to  the  public,  through  the  usual  dis- 
tribution, or,  in  various  scales,  through  map  publishers  in  this  and  £a£- 
eif[a  countries. 

The  area  surveyed  and  mapped  during  the  years  1869, 1871, 1872, 1873, 
1874, 1875,  1876,  and  1877,  as  reix)rted  by  Lieutenant  Wheeler,  aggre- 
gates the  amount  of  332,515  square  miles,  distiibuted  as  follows : 

Square  miles. 

CtlifoTDia 54,751 

N>Ta<U 62,181 

Utab 38,969 

Aiiiitnn - - - - 61,  816 

Colonulo 33,041 

Wrominj^ -.--  231 

New  Mexico 71,427 

Orepou 1,242 

IdaLo  ..............  .... 8,  877 

Initial  iKiints  have  beeu  established  (including  the  season  of  1877)  in 
Kansas,  Xebranka,  Texas,  Montana,  and  Washington.  Parts  of  the 
work  will  have  been,  at  the  close  of  the  season,  carried  on  in  fourteen  of 
the  fifteen  oi  the  ix>litieal  diAisions  lying  west  of  the  one  hundredth  meri- 
dian, and  firom  the  Coliunbia  River  on  the  north  to  the  Mexican  border. 

The  labors  of  this  sun'ey  are  annually  canied  on  in  accordance  with 
imyects  regularly  submitted  by  the  officer  in  charge  to  the  Chief  of 
En^nneers,  and  by  him  to  the  Secretary  of  War,  by  whom  tbey  are 
approved  before  the  parties  commence  the  duties  of  each  season.  These 
projects  are  in  the  direction  of  a  systematic,  thorough,  and  economic 
prosecution  of  a  detailed  smrey  in  connected  areas  (according  to  a  plan 
sabmitted  bv  Lieutenant  WTieeler  and  adopted  in  1872),  the  necessary 
^  being  obtained  by  means  of  astronomical,  geodetic,  topographical 
*Bd  barometric  observations.  This  work  may  be  considered  as  supple- 
Bttaital  to  binding  together,  and  developing  systematically  over  com- 
I^€<ed  ai^is  by  the  use  of  more  refined  instruments  and  later  methods, 

10  E 
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the  Pacific  Eailroad  and  military  and  geographical  surveys  west  of  the 
Mississippi  Eiver,  suspended  at  the  outbreak  of  the  war  of  the  rebellion. 

Incident  to  the  prineii)al  objects  of  the  surv^ey,  and  as  far  as  practica- 
ble without  too  greatly  increasing  the  cost,  all  the  information  necessary 
at  the  present  stage  of  settlement  of  the  countrj^  concerning  the  branches 
of  mineralogy  and  mining,  geology,  palaeontology,  zoology,  botany, 
archeeolog}^,  ethnology,  and  philology  is  collected  by  specialists,  experts 
in  their  branches  of  science.  Information  concerning  this  and  other 
Engineer  Department  surveys  in  the  West  will  be  foimd  in  House  Ex. 
Doc.  88,  Forty-fifth  Congress,  second  session.     (See  Appendix  XX  2.) 

The  continuation  of  this  most  vahiable  and  useful  work,  in  its  present 
stage  of  advancement,  will,  it  is  believed,  commend  itself  to  and  receive 
favorable  consideration  from  Congress. 

The  amount  estimated  by  Lieutenant  Wheeler  for  the  continuation  of 
the  survey,  viz,  $120,000,  is  earnestly  recommended. 

His  aimual  report,  with  appendixes  and  estimates,  is  appended. 

(See  Appendix  N  K.) 

RECONNAISSANCES  AND  EXPLORATIONS. 

The  engineer  officers  on  the  staffs  of  the  generals  commanding  the 
military  divisions  and  departments  have  been  engaged  during  the  year 
in  surveys  in  the  field,  and  in  collecting  and  plotting  geographical  and 
other  iiiformation  obtained  from  the  note-books,  sketches,  and  maps 
made  by  the  officers  and  soldiers  in  the  scouts  and  campaigns  in  the 
West.  The  estimate  of  $50,000  made  by  this  department  for  the  sur- 
veys by  these  officers  failed  at  the  last  session  of  Congress,  thus  leav- 
ing unproAided  for  the  work  which  was  desired  to  be  accomplished  in 
the  seven  military  departments  embracing  the  country  west  of  the  Mis- 
sissippi River^n  each  one  of  which  there  is  an  engineer  or  acting  engi- 
neer officer.  This  work  includes  surveys  in  the  field  by  the  department 
engineers,  the  piuxjhase  and  repair  of  instruments,  and  the  expenses  at- 
tending the  draughting  and  printing  of  maps  required  for  distribution  to 
the  Anny. 

The  maps  of  the  country"  covered  by  the  recent  campaigns  against 
hostile  Indians  have  i)roved  in  the  highest  degree  useful  to  the  officers 
engaged,  and  it  is  especially  desirable  that  the  great  unexplored  areas 
in  the  hostile  country,  and  areas  which  in  future  campaigns  are  liable  to 
be  traversed  by  the  troops,  or  by  the  enemy,  should  be  surveyed  and 
plotted  and  added  to  these  camj)aign  maps.  The  enlistment  of  topo- 
graphical assistants  to  the  engineer  officers  attached  to  the  headquarters 
of  each  of  the  Western  military'  geographical  di\isions  and  departments, 
which  was  authorized  by  the  Secretary  of  War  in  July,  1877,  will  very 
much  facilitate  the  8iu'\  eys  of  those  officers,  and  it  is  hoped,  if  the  small 
appropriation  asked  for  these  sur\'eys  is  granted  by  Congress,  that  much 
more  can  be  accomplished  than  has  been  heretofore  by  the  same  amount 
of  exi)enditure. 

An  estimate  for  the  amount  required  to  be  appropriated  for  this  pur- 
pose has  been  inchuled  in  the  estimates  of  this  department. 

The  officers  who  have  been  engaged  on  these  siurveys  during  the  last 
fiscal  yejir  are  as  follows : 

Maj.  O.  M.  Poe,  aid-de-camp  (with  the  rank  of  colonel)  to  the  Gen- 
eral of  the  Army;  Capt.  G.  J.  Ly decker,  at  headquarters  Military  Divis- 
ion of  the  Missouri ;  Lieut.  Edward  Magiiire,  at  headquarters  Depart- 
ment of  Dakota ;  Capt.  W.  S.  Stanton,  at  headquarters  Department  of 
thePhitte;  Lieut.  E.  H.  Kuifiier,  at  headquaiters  Department  of  the 
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Missouri;  Capt^  James  F.  Gregory,  at  headquarters  Department  of 
Texas ;  Lieut.  J.  C  Mailer^',  at  headquaiters  Division  of  the  Paeific 
and  Department  of  California  till  October  2, 1877,  since  which  date  Capt. 
J.  H.  Coster,  Eighth  Cavalry ;  Lieut.  E.  D.  Thomas,  Fifth  Cavalry,  at 
headquarters  Department  of  Arizona  till  May  13, 1878,  and  Lieut.  T.  A. 
Tooey,  Sixth  Cavalry,  since  that  date. 

During  the  fiscal  year  there  have  been  distributed  by  Maj.  H.  L.  Abbot, 
from  the  engineer  dei)ot  at  Willets  Point,  to  officers  engaged  on  surAeys, 
an  aggregate  of  141  instruments. 

(See  Appendix  OO.) 

Capt.  G.  J.  Lydecker,  engineer  officer  on  the  staff  of  the  Lieutenant- 
General,  reports  that  for  want  of  funds  operations  have  been  limited  to 
cnrrent  ofl&ce-work,  such  as  coidd  be  done  by  enlisted  men  detailed  for 
the  purpose ;  duplicate  tracings  of  maps,  sketches,  &c.,  passing  through 
the  office,  have  been  made,  and  corrections  have  been  applied  to  existing 
maps  as  opportunity  offered. 

Captain  Lydecker  is  of  the  opinion  that  not  less  than  $10,000  should 
be  available  for  the  use  of  the  engineer  officer  of  each  division  and 
department  west  of  the  Mississippi  River^  and  states  that  for  the  want 
of  means  work  on  his  maps  of  the  Division  of  the  Missouri  has  been 
suspended. 

(See  Appendix  PP.) 

Lieut.  Edward  Maguire,  at  headquarters  Department  of  Dakota, 
reports  the  tox>ographical  work  in  the  field  in  that  department  during 
the  year,  and  his  rejwrt  will  be  found  in  Appendix  QQ. 

Capt  W.  S.  Stanton,  on  duty  with  the  general  commanding  the  Depart- 
m^t  of  the  Platte,  reports  that  during  the  year  a  reconnaissance  was 
made  of  1,328  miles  of  routes,  embracing  observations  for  the  determi- 
nation of  the  latitude  and  longitude  of  ^  points,  including  Fort  Lara- 
mie, Fort  McKinney,  and  Laramie  Peak,  Wyo. ;  Camp  Eobinson,  Nebr. ; 
and  Custer  City  and  Deadwood,  Dak. ;  also  for  magnetic  declination  at 
22  localities,  and  for  altitude  at  271  stations  with  the  mercurial  barom- 
eter, inclndiiig  a  continuous  series  of  hourly  meteorological  observations 
for  95  days  by  a  special  party  at  Fort  Laramie.  The  military  reserva- 
tions of  Fort  Laramie  and  Fort  McKinney,  embracing  154  square  miles, 
have  also  been  surveyed,  and  their  boundary  lines  established.  Besides 
the  1,328  miles  measured  with  odometers,  the  field-work  involved  100 
miles  of  chain  measurement. 

In  the  office,  tables  of  distances  between  all  the  military  i)ost8  in  the 
department,  and  itineraries  and  descriptive  notes  of  3,964  miles  of  routes, 
2,963  miles  of  which  were  measured  with  odometers,  have  been  prepared, 
and  350  printed  copies  issued  to  oflftcers  and  others  needing  them. 

Plans,  estimates,  and  detailed  working-drawings  have  been  prepared 
for  a  bridge  to  be  constructed  of  wood  and  iron  over  the  Laramie  liiver 
at  Fort  Laramie. 

The  compass  and  odometer  notes  of  the  1,328  miles  of  reconnaissance 
have  been  reduced  and  plotted;  all  the  observations  taken  in  the  tield 
for  time,  latitude,  altitude,  and  magnetic  declination  have  been  coni- 
pated,  barometric  profiles  of  the  routes  prepared,  and  the  barometric 
observations  for  95  days  at  Fort  Laramie  reduced  and  plotted. 

A  map  has  been  made,  on  a  scale  of  1 :  600,000,  of  the  reconnaissances 
of  the  three  seasons  of  1875, 187G,  and  1877,  embracing  all  important 
mtea  between  the  meridians  of  102o  30'  and  107^  30'  and  the  41st  and 
^th  parallels.  Plots  have  been  made  of  the  reservations  surveyed,  and 
tie  usual  amount  of  routine  woik  has  been  done  in  making  t^acil\g^^  o? 
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topographical  sketches  accompaiiying  reports  received  at  depaitineut 
headquarters. 
(See  Api>endix  KK.) 

Lieut.  E.  H.  Eiiftuer,  on  the  staff  of  the  general  commanding  the  De- 
partment of  the  Missouri,  reports  that  but  little  progress  has  been  made 
duiing  the  past  year  in  the  preparation  of  maps,  or  in  the  examination 
and  siu*vey  of  new  country.  Want  of  means  and  small  niuuber  of  troops 
in  tlie  dei)artment  available  for  marches  or  scouts  are  assigned  as  the 
reasons.  The  total  mileage  of  journals  of  scouts  and  marches  is  given 
at  7,214,  find  an  additional  2,030  miles  for  the  reconnaissance  in  South- 
west Colorado  conducted  by  Lieut.  C.  A.  H.  McOauley,  Third  Artilleiy, 
assistant  to  Lieutenant  Ruffner.  Tlus  report  is  submitted  by  Lieu- 
tenant ^fcCauley,  and  is  considered  as  very  valuable  and  of  interest  to 
all  connected  with  tliat  region  of  country. 

An  edition  of  map  No.  2,  Department  of  the  Missouri,  revised  and  cor- 
rected to  date,  was  issued  last  fall.  Lieutenant  Ruflfrier  submitted  a 
second  report  on  lines  of  communication  between  Colorado  and  New 
Mexico,  which  was  i)rinted  as  Ex.  Doc.  No.  66,  House  of  Representa- 
tives, Forty-fifth  Congress,  second  session.  The  rex)ort  covers  38  pages 
of  print,  and  is  accompanied  by  three  majjs. 

Lieutenant  Ruffner  has  employed  his  spare  time  during  the  year  in 
preparing  a  compilation  or  descriptive  index  of  the  reix)rts  of  the  Cori)s 
of  Enguieers  for  the  ten  years  1866-1876,  entitled  "A  Record  of  Ten 
Years  of  Engineering  by  the  Corjis  of  Engineers,  U.  S.  A."  The  manu- 
script is  now  completed. 

(See  Appendix  SS.) 

Capt.  J.  F.  Gregory,  on  duty  at  the  headquarters  Depaitment  of 
Texas,  reports  that  the  work  of  his  office  consisted  of  the  issues  of  in- 
struments, materials,  and  maps  to  commanding  officers  of  posts  in  the 
department,  and  in  draughting-work,  such  as  reducing  to  progress 
map  the  maps  of  scouts  and  re<x)nnais8ances  made  by  various  acting  en- 
gineer officers  in  the  department ;  and  in  making  tracing  of  maps  for 
use  of  various  officers  on  campaigns. 

Captain  Gregory  states  that  there  have  been  plotted  in  his  office  the 
following  maps,  viz :  A  progress  map  of  the  department  in  4  sheets,  on  a 
scale  of  1  inch  to  8  miles,  and  containing  all  the  rehable  geographical 
infoiination  received  at  his  office  up  to  date ;  an  index  map  ami  6  sheets 
of  the  western  portion  of  the  department,  on  the  same  scale,  for  photo- 
lithogi^aphing  and  distribution  for  the  use  of  the  troops  of  the  dei>art- 
ment,  and  6  reconnaissance  blank  sheets,  also  on  the  same  scale  and 
embracing  the  same  areas,  for  printing  and  issue  to  officere,  upon 
wliich  can  be  plotted  new  geographical  information  gained  in  marches 
of  troops. 

(See  Appendix  TT.) 

Lieut.  J.  C.  Mallery,  engineer  officer  at  headquarters  DiAision  of  the 
Pacific  to  October  2,  1877,  reports  that  an  examination  and  report  was 
made  upon  the  water  sui>ply  of  Angel  and  Yerba  Bueua  Islands,  Cali- 
fornia, and  upon  the  depth  of  water  near  the  quarry-wharf  at  Angel 
Island.  In  compliance  with  the  orders  of  the  commanding  general,  he 
Aisited  San  Diego,  Cal.,  and  the  United  States  flsherj^  i-eservation 
upon  the  McCloud  River.  California,  to  seciu^,  in  the  first  instance, 
the  retiuTi  of  arms  loaned  oy  the  commanding  general  to  the  city  author- 
ities, and,  in  the  second  instance,  to  prevent  the  interference  by  squat- 
ters with  the  work  of  the  fisheiy.  Work  was  continued  upon  the  prep- 
aration of  an  outline  description  of  the  military  resen^ations  and  j^osts  in 
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rbe  divLsion.  Maps  of  these  military  reservations  and  posts  were  nearly 
(Dmpleted.  Photographic  copies  of  a  map  of  Idaho  Territory  were  issueil 
to  the  trooi)s  in  the  field.  A  nnmber  of  tracings  were  made  in  the  ordi- 
nanr  routine  of  office-work. 

Capt.  J.  H.  Coster,  Eighth  Cavalry,  aid-de-camp,  acting  engineer  offi- 
cer at  the  same  headquarters  since  October  2, 1877,  rei)ort8  that  the 
amount  of  money  famished  him  has  not  permitted  any  extensive  work 
in  the  field. 

Lieut  R.  H.  Fletcher,  who  wa«  on  the  staff  of  General  Howard,  against 
tlie  hostile  Nez  Perc^  Indians,  has  been  engaged  on  a  large  map  of  the 
campaign  which  is  nearly  completed.  A  list  of  scouts  rei>orted  at  the 
Ba^eer  Office,  headquarters  Division  of  the  Pacific  and  Department 
of  Califamia^  during  the  last  fiscal  year,  is  attached  to  Captain  Coster's 
report. 
(See  Apjjendix  U  U.) 

Lieut.  E.  D.  Thoma«,  Fifth  Cavahy,  until  May  13, 1877,  and  Lieut.  T. 
A.  Touey,  Sixth  Cavalry,  from  that  date  were  the  acting  engineer 
ttffic^^  Department  of  Arizona. 

The  rex^^'Tt  of  Lientenant  Thomas  has  not  been  received. 

Lieutenant  Toney  reports  the  topographical  work  done  in  that  depart- 
ment under  his  direction,  and  the  wants  of  his  office  for  the  next  fiscal 
year.    Hia  rejiort  will  be  found  in  Appendix  V  V. 

E8nMAT£S  FOB  AMOUNTS  REQUIRED  FOR  MIULTART  ATO)  OEOGRAPH- 
ICAI.  SURVEYS,  EXPLORATIONS,  AND  RECONNAISSANCES. 

For  military  8ur\*eys  and  reconnaissances  by  the  engineer  officers 
attached  to  the  yarious  headquarters  of  military  divisions  and  depart- 
ments, for  extra-duty  pay  of  enlisted  topographical  assistants,  for  other 
military  surveys,  and  for  the  construction  and  publication  of  maps  for 
vm  of  the  War  Department  and  the  Army,  $50,000  will  be  required. 

For  geographical  surveys  of  the  territory  of  the  United  States  west  of 
lie  one  hundredth  meridian,  there  will  be  required  for  field  and  office 
wofrk,  and  for  preparing,  engra\ing,  and  printing  of  plates  and  atlas- 
«h€ets,  $120,000. 

OFFICE  OF  THE  CHIEF  OF  ENGINEERS. 

In  the  labors  of  the  office  the  Chief  of  Engineers  was  assisted,  on  the 

3(>th  of  June,  by  the  following  officers  in  charge  of  the  several  divisions : 

First  and  second  divisions. — FartiJicationSj  hattalionj  and  engineer 

dfptft,  lafi4l^y  arfnamentSj  personneL  etc.,  Lieut.  Col.  Thos.  L.  Casey,  in 

addition  to  his  other  duties;  and  Maj.  \Y.  J.  Twining. 

Third  division. — River  and  harbor  improvements^  cfcc,  Maj.  John  G. 
Parke. 

ForETH  and  FIFTH  DIVISIONS. — Property  accounts^  estimates^  funds, 
tunty  of  the  lakes  and  the  Mississippi  Kiverj  explorations^  maps,  instru- 
»«/#,  <fo.,  Maj.  George  H.  Elliot. 

Very  respectfully,  your  obedient  servant, 

H.  G.  Wright, 
Acting  Chief  of  Engineers. 

HoilOeos&b  "W.  McCraey, 

8ecret4JLry  of  War. 
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STATEMENT  SHOWING  RANK  AND  DUTIES  OF  OFFICERS  OF  THE  C( 
OF  ENGINEERS  DURING  THE  FISCAL  YEAR  ENDING  JUNE  30, 1876 


Rank  and  Nake. 


BRIGADIER-GENERAL  AND 
CHIEF  OF  ENGINEERS. 

Andrew  A.  Humphreys.. 
Bvt,  Major-General. 


COLONELS, 

John  G.  Barnard 

Bvt,  Major-General 


Henry  W.  Benham 

Bvt.  Major-General, 


John  N.  Macomb 


James  H.  Simpson , 

Bvt,  Brig,  General, 


Dl^ies. 


Commanding  Corps  of  Engineers.  Member  of  Comm 
to  examine  into  canal  routes  across  the  Isthmus  coi 
ing  North  and  South  America.  Member  of  Board  f 
8ur\^ey  of  the  harbor  of  Baltimore  City  and  a^ 
waters.  Member  of  Joint  Commission  to  supervi 
construction  of  the  Washington  Monument.  Mem 
Advisory  Board  to  Harbor  Commissioners  State  of ! 
chusetts.  Member  of  Board  to  determine  pier  and 
head  lines  of  New  York  Harbor  along  Staten  Island 
Member  of  Commission  to  examine  into  the  mat 
contracts  between  the  United  States  and  the  I 
Water  Power  Company.  To  cooperate  with  the  a 
ities  of  the  State  of  New  York  in  examining  and  de 
ui)on  exterior  pier  and  bulkhead  lines  on  Hudson 
from  State  dam  at  Troy  to  the  city  of  Hudson. 


Member  of  Board  of  Engineers  for  Fortifications.  M 
of  Lighthouse  Board.  On  special  duty  connected 
examination  of  works  at  South  Pass  of  the  Missi 
River.  Member  of  Commission  to  select  site  f( 
Naval  Observatory. 

In  charge  of  construction  of  forts  Winthrop,  Indepen« 
and  Warren,  and  work  on  Long  Island  Head,  Mass. 
Montgomery,  Columbus,  Castle  Williams,  South  B 
Gk)vemor's  Island,  Wood,  Hamilton,  and  additions 
teries,  and  Mortar  Batteiy  at  Fort  Hamilton,  N.  Y 
fort  at  Sandy  Hook.  N.  J.  Member  of  Board  of  Office 
the  examination  oi  candidates  for  promotion  in  the 
of  Engineers. 

In  charge  of  improvement  of  the  upper  Mississipf 
Illinois  rivers ;  and  Des  Moines  and  Rock  Island  I 
of  the  Mississippi  River,  harbors  of  Fort  Madison 
lington,  and  Dubuque,  Iowa ;  the  survey  for  the  im] 
ment  of  that  portion  of  the  ^^Mississippi  route'^  desi| 
by  the  Senate  Select  Committee  on  Transportation  I 
to  Seaboard,  as  improvements  upon  a  system  to  b 
vided  so  as  to  give  from  4^  to  6  feet  depth  of  wa 
lowest  stages  from  Falls  of  St.  Anthony  to  Alton, 
ber  of  Board  of  Engineers  to  rei)ort  upon  condit 
channel-way  of  the  river  opposite  La  Crosse,  Wi 
charge  of  construction  of  forts  Delaware,  Del. 
Mifflin,  Pa.,  battery  at  Finn's  Point,  N.  J.,  and 
opposite  Fort  Delaware,  and  pier  at  Lewes,  Etel. ;  1 
improvements  at  New  Castle  and  Wilmington,  Del., 
ter,  Pa.,  and  on  Delaware  River  and  Bay;  improv 
of  the  Shrewsbury  and  Salem  rivers  and  Cohansey  ( 
N.  J.,  Delaware  and  Broadkiln  rivers,  Del.,  and*S< 
kill  River,  Pa. 

In  charge  of  improvement  of  Mississippi  River  betwe* 
mouths  of  the  Illinois  and  Ohio  rivers,  and  Osage 
in  Missouri  and  Kansas.    Member  of  Board  of  Engim 
examine  and  report  upon  the  most  advisable  measi 

S resenting  the  water-front  of  Vicksburg.     Memi 
ioard  of  Officers  to  consider  and  report  upon  proj< 
bridge  across  the  Ohio  River  at  Beaver,  ra.    Mem 
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mt  ihowing  rank  and  duties  of  officers  of  Corps  of  Engineers — Con'd. 


c  AXD  Name. 


IOLONEIjS. 

ontinued. ) 


Woodruff 

f.  Brig.  General, 

J.  Tower 

i.  Maj,  General. 


Duties. 


4yT-COIX>XEU8. 


Wright 

?.  Maj.  General. 


ton 

.  Maf.  General. 


Board  of  Sun-ey  to  examine  into  and  report  ftilly  upon  all 
fsLCts  connected  with  loss  of  the  dredce-boat  McAllester. 
Member  of  Board  of  Officers  to  consider  and  report  upon 
plan  and  location  of  bridge  proposed  to  be  erected  over 
Minsissippi  River  at  or  near  Glasgow,  Mo. 

On  detached  service.    Engineer  3d  Lighthouse  District. 

Member  of  Board  of  Engineers  for  Fortifications.  Member 
of  Board  of  Engineers  to  consider  questions  relating  to  im- 
provement of  ualveston  Harbor  and  entrance.  To  confer 
with  Assistant  Treasurer  at  New  York  City  for  examina- 
toin  of  subtreasurv  building  in  that  city  and  report  what 
8t«ps  should  lie  taken  for  its  security  and  defense.  Mem- 
l)er  of  Board  of  Officers  for  the  examination  of  candidates 
for  promotion  in  the  Corps  of  Engineers.  On  special  dutv 
to  examine  claim  of  H.  S.  Dale  for  compensation  for  work 
done  in  construction  of  Harbor  of  Refuge  on  Lake  Huron, 
Mich.  Member  of  general  court-martial  to  meet  at  Buffalo. 
N.  Y.,  January  15, 1878,  for  the  trial  of  Lieutenant-Colonel 
Blunt.  Memlier  of  Board  of  Engineers  on  improvement 
of  channel  into  Charleston  Harbor,  S.  C. 


Member  of  Board  of  Engineers  for  Fortifications.  Member 
of  Commission  on  repavement  of  Pennsylvania  Avenue, 
Washington,  D.  C.  Member  of  Commission  to  examine 
into  the  matter  of  contracts  between  the  United  States  and 
the  Moline  Water  Power  Company.  Member  of  Board  of 
Engineers  to  consider  questions  relating  to  improvement 
of  Galveston  Harbor  and  entrance.  Member  of  Court  of 
Inquiry  to  investigate  all  facts  in  connection  with  the  ad- 
ministration of  Lieutenant-Colonel  Blunt  on  public  works 
under  his  charge.  On  special  duty  connected  with  ex- 
amination of  South  Pass  of  the  Mississippi  River.  Mem- 
ber of  Board  of  Engineers  to  report  upon  plan  of  a  lock  and 
gate  proposed  to  be  substituted  by  Major  Merrill  for  the 
lock  and  ^ate  heretofore  approved  in  connection  with  tke 
construction  of  first  movable  dams  on  the  Ohio  River. 
Member  of  Board  of  Engineers  on  improvement  of  Charles- 
ton Harbor,  S.  C. 

In  charge  of  manufacture  and  supply  of  mastic ;  improve- 
ment of  the  Hudson  River,  Harlem  River,  Echo  Harbor, 
and  East  Chester  Creek,  N.  Y.,  Otter  Creek,  Vt.,  Passaic 
and  Raritan  rivers,  N.  J. ;  removal  of  obstructions  in  the 
East  River,  including  Hell  Gate,  N.  Y.;  improvement  of 
channel  between  Staten  Island  and  New  Jersey ;  harbor 
improvements  at  Burlington  and  Swanton,  Vt.,  Rondout, 
Port  Chester,  and  Platt«bur^h,  N.  Y.  The  survey  of  so 
much  of  the  3d  subdi^^8ion  ot  the  ^^ Northern  route"  desig- 
nated by  the  Senate  Select  Committee  on  Transportation 
Routes  to  SealK)ard,  as  extends  from  Troy,  on  the  Hudson 
River,  to  New  York  City.  To  cooperate  with  the  author- 
ities of  the  State  of  New  York  in  examining  and  deciding 
upon  exterior  pier  and  bulkhead  lines  on  Hudson  River 
from  State  dam  at  Troy  to  the  city  of  Hudson.  Member  of 
Board  of  Engineers  to  consider  questions  relating  to  im- 
provement of  Galveston  Harbor  and  entrance.  Member 
of  Court  of  Inquiry  to  investigate  all  facts  in  connection 
with  the  administration  of  Lieutenant-Colonel  Blunt  of 
public  works  under  his  charge.  Member  of  Board  of  En- 
gineers on  improvement  of  channel  into  Charleston  Har- 
bor, S.  C. 


152 


REPORT   OF   TDE   CHIEF   OF  ENGINEERS. 


Statement  shoicing  rank  and  duties  of  officers  of  Corps  of  Engineers — Con'd- 


Raxk  and  Name. 


Dlties. 


LIEUTEXAXT-COLOXEUS. 

(continued.) 

George  Thorn In  charge  of  improvement  of  rivers  St.  Croix,  Macliias, 

Brt,  Brig,  General.  !      Penol>scot,  Kennebec,  Kennebunk,  Me.,  Cocheco,  N.  H., 

'  and  Merrimac,  Mass. ;  of  harbors  of  Camden,  Gut  oppo- 
site Bath,  Portland,  Richmond's  Island,  Belfast,  Me., 
I  Gloucester,  Salem,  Boston.  Plymouth,  and  ProvincetowiL 
'  Mass.  Member  of  ceneral  court-martial  to  meet  in  Buf- 
falo, N.  Y.,  June  fo,  li?78,  for  the  trial  of  Lieut enant- 
i      Colonel  Blmnt 


John  D.  Kurtz.... 
Bet.  Colonel. 


Barton  S.  Alexander.... 
Bvt.  Brig.  GenermL 


William  F.  Raynolds.... 
Bvt.  Brig,  Oeneral. 

Charles  S.  Stewart 


Charles  E.  Blunt  . 
Bvt.  Colonel. 


James  C.  Dnane 

Bvt.  Brig,  General. 


Robert  S.  Williamson.. 


Quinoy  A.  Gillmore 

Bvt.  Major-General. 


In  chaise  of  construction  of  forts  Delaware,  Del.,  and  Mif- 
flin, Pa.,  battery  at  Finn*s  Point,  N.  J.,  and  work  oppo- 
site Fort  Delaware,  piers  at  New  Castle  and  Lewes,  Del ; 
harbor  improvements  at  Wilmington,  Del.,  and  on  Delft- 
ware  River  and  Bay;  improvement  of  the  Shrewsbury 
River  and  Cohansey  Creek,  N.  J.,  Delaware  and  Broad- 
kiln  rivers,  Del.,  and  Schuylkill  River,  Pa.  Member  of 
Board  to  examine  and  report  upon  the  foundation  of  the 
Washington  Monument.    Died  October  16,  1877. 

Senior  Engineer  charged  with  general  supervision  and  in- 
spection of  all  matters  under  the  command  of  the  Chief 
of  Engineers  within  the  Pacific  territory.  Member  of 
Board  of  Engineers  for  the  Pacific  Coast. 

On  detached  service.    Engineer  4th  Lighthouse  District. 

In  charge  of  construction  of  fortifications  at  Fort  Point, 
Point  San  Jos^  and  Angel  Island,  San  Francisco,  and  at 
San  Diego.  Cal.,  and  improvement  of  San  Diego  Harbor 
and  San  Joaquin  River,  Cal.  Member  of  Board  of  En- 
gineers for  the  Pacific  Coast. 

In  charge  of  improvement  of  harbors  of  Rocky  River,  Cleve- 
land, Grand  River,  Ashtabula,  Conneaut,  Erie,  Dunkirk, 
and  BufiTalo,  on  Lake  Erie ;  and  construction  of  Fort  Por- 
ter, N.  Y.,  and  of  Fort  Wayne,  Mich. 

In  charge  of  construction  of  forts  Gorges,  Preble,  Scammel, 
Popham,  Knox,  and  battery  at  Portland  Head,  Me.,  and 
forts  Constitution  and  McClary,  and  batteries  on  Jerrv's 
Point  and  Gerrish^s  Island,  Portsmouth  Harbor,  N.  H. 
Engineer  Ist  and  2d  Lighthouse  Districts.  Member  of 
Board  to  examine  and  report  upon  the  foundation  of  the 
Washington  Monument. 

On  detached  service.  Engineer  12th  Lighthouse  District. 
Member  of  Board  of  Engineers  for  the  Pacific  Coast. 

In  charge  of  constniction  of  fort«  Wadsworth,  Tompkins, 
and  its  batteries,  J^.  Y.,  Macon  and  Caswell,  N.  C.,  Moultrie, 
Sumter,  Johnson,  and  Castle  Pinckney,  S.  C,  Jackson 
and  Pulaski,  Ga.,  Clinch  and  Marion,  Fla.j  and  temporary 
charge  of  forts  Monroe  and  Wool,  Va. ;  improvement  of 
the  bar  at  the  mouth  of  St.  John's  River,  and  of  the  in- 
side passage  between  St.  John's  River  and  Nassau  Inlet, 
Fla.,  Charleston  Harl>or,  S.  C,  Savannah  River  and  Harbor, 
and  harbor  of  Darien,  Ga.  Member  of  Board  to  test  the 
strength  and  value  of  all  kinds  of  iron,  steel,  and  other 
metals  submitted  to  it.  Member  of  Conmiission  on  re- 
pavement  of  Pennsvlvania  Avenue,  Washington.  D.  C. 
Member  of  Board  of  Engineers  on  improvement  of  Charles- 
ton Harbor,  S.  C.  Member  of  Board  to  examine  and  re- 
port upon  the  foundation  of  the  Washington  Monument. 
Member  of  Board  of  Officers  for  the  examination  of  can- 
didates for  promotion  in  the  Corps  of  Engineers. 
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ntfU  showing  rank  and  duties  of  officers  of  Corps  of  Engineers — Coii'd. 


fTK  A2a>  Na>£E. 


DTAAT-COLOXELS. 

continued.) 
.incoln  Casey  ... 
H  Colonel, 


Duties. 


elMichler  ...... 

'L  Brig,  General, 

MUORS. 

Parke 

:/.  Mt^r-Creneral, 

nvK.  Wsncra.. 
i.  Mt^or-Oemerul. 


In  charge  of  the  Ist  and  2<1  Divisions,  Office  of  the  Chief  oi 
Engineers;  of  Public  Buildings  and  Grounds  and  certain 
Public  Works  in  the  District  of  Columbia;  of  work  upon 
the  buildinjg  for  the  State,  War,  and  Navy  Departments, 
of  the  Wasmngton  Aqueduct,  and  the  construction  of  the 
Washington  National  Monument.  Member  of  Board  to 
advise  ni)on  the  ventilation  of  the  Hall  of  the  House  of 
Representatives. 

In  charge  of  improvement  of  harbors  of  Port  Clinton,  Mon- 
roe, Toledo,  Sandusky  City,  Huron,  Vermillion,  and  Black 
River,  on  Lake  Erie. 


In  charge  of  the  3d  Division,  Office  of  the  Chief  of  Engineers. 
Member  of  Board  of  Officers  to  prescribe  rules  and  regula- 
tions for  contracts  under  the  War  Department. 

In  eharsre  of  construction  of  defenses  of  New  Bedford  Har- 
bor, Mass.,  Narragansett  Bay,  R.  I.;  improvement  of  har- 
bora  of  Wareham,  Hyannis,  Fall  River,  and  New  Bedford, 
Mass.,  Wickford  and  Newport,  R.  I.;  improvement  of 
rivers  Tannton,  Mass.,  Paw  tucket  and  Providence,  R.  I., 
and  Pawcatnck,  R.  I.,  and  Conn.,  and  Connecticut,  Conn.; 
Narr^ansett  Bay,  R.  I.^  and  Little  Narragansett  Bav,  R. 
I.,  and  Conn. ;  construction  of  Breakwater  at  Block  Island, 
R.  I. ;  examining  and  reporting  upon  constructing  rail- 
road bridges  across  the  Mississippi  River  between  St. 
Paul  and  St.  Louis,  Slc.  Member  of  Board  of  Officers  to 
consider  and  report  upon  plan  and  location  for  bridge  pro- 
posed to  be  built  across  tne  Ohio  River  by  the  Common- 
wealth Bridge  Company. 

In  charge  of  construction  of  fort  on  Alcatraz  Island,  and  of 
defenses  at  Lime  Point,  San  Francisco  Bay ;  Breakwater 
at  Wilmington  Harbor,  Cal. ;  improvement  of  Oakland 
Harbor,  and  Sacramento  and  Feather  rivers,  Cal.  Mem- 
ber of  Board  of  Engineers  for  the  Pacific  Coa^t.  Member 
of  Advisory  Board  of  Commissioners  on  the  Harbor  Lines 
of  San  Francisco. 

.  Abbot Commanding  Engineer  Depot  and  Post  of  Willets  Point,  and 


[.  MendeU. 
f.  Colonel. 


t  Brig,  General. 


P.  Cmighin.... 
'.  lAe»t.  Colonel. 


Battalion  of  Engineers.  In  charge  of  construction  of  Fort 
Schuyler  and  fort  at  Willets  Point,  N.  Y.,  and  of  ex- 
periments with  torpedoes.  On  senice  with  Battalion 
in  Baltimore,  Md.,  Philadelphia  and  Eastou,  Pa.,  dur- 
ing the  railroad  riots  of  1877.  Member  of  Commission  to 
examine  into  the  matter  of  contracts  between  the  United 
States  and  the  Moliue  Water  Power  Company. 

In  charge  of  construction  of  defenses  of  Baltimore,  ,Md.,  and 
Washington,  D.  C. ;  improvement  of  Chester,  Wicomico, 
Elk,  ana  Pocomoke  rivers,  Md.,  James  and  Appomattox 
rivers,  Va.,  Great  Kanawha,  New,  and  Elk  rivers.  West 
Va.,  and  Cape  Fear  River,  N.  C,  and  of  the  harbor  of 
Baltimore,  and  inner  harbor  at  Cambridge,  Md.  Member 
of  Board  lor  survey  of  the  harbor  of  Baltimore  City  and 
adjacent  waters.  Member  of  Board  of  Engineers  to  report 
Qpon  plan  of  a  look  and  gate  proposed  to  be  substituted 
by  Major  Merrill  for  the  lock  and  ^ate  heretofore  approved 
in  eonnection  with  the  construction  of  first  movable  dams 
on  th«  OWo  River.  On  duty  in  Europe  for  the  purpose  of 
gathering  professional  information  respecting  the  cou- 
stmction  of  movabls  dams  and  similar  structures. 
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Statement  showing  rank  and  duties  of  officers  of  Corps  of  Engineers— 


Rank  and  Name. 


MAJORS. 

(continued.) 

Cyrus  B.  Comstock 

Bvt  Brig,  General. 


Godfrey  Weitzel 

Brt.  MaJor-GtneraL 


Orlando  M.  Poe 

Bvt  Brig,  General, 


David  C.  Houston 
Bvt,  Colonel, 


George  H.EUiot, 


Henry  M.  Robert 


>■••■• 


William  E.MerriU. 
Bvt,  Colonel, 


Duties. 


In  charge  of  the  surv^ey  of  Northern  and  Northwestei 
and  survey  of  the  Mississippi  River.  Detailed  t 
upon  the  depth  and  width  or  a  channel  secured  ai 
tained  bv  ietties  constructed  by  James  B.  Ead 
mouth  of  the  Mississippi  River. 

In  charge  of  improvement  of  the  falls  of  the  Ohi 
and  Louisville  and  Portland  Canal;  of  St.  Mar; 
Canal,  St.  Mary's,  Detroit,  and  Sebawaing  riven 
of  harbors  of  Au  Sable  River,  St.  Clair  River  a 
of  Black  River,  and  Thunder  Bay :  Harbor  of  R 
Lake  Huron.  Engineer  11th  Lighthouse  District 
ber  of  Board  of  Officers  to  consider  and  report  upoi 
for  a  bridge  across  the  Ohio  River  at  Beaver,  Pa 
ber  of  Board  of  Engineers  to  examine  and  repc 
condition  of  channel- way  of  the  river  opposite  Ls 
Wis.  Member  of  Board  of  Officers  to  consider  an 
upon  plan  and  location  for  bridge  proposed  to 
across  the  Ohio  River  by  the  Commonwealth  Brid 
pany.  Member  of  Board  of  Engineers  to  report  u] 
of  a  lock  and  gate  proposed  to  be  substituted  \j 
Merrill  for  the  lock  and  gate  heretofore  approver 
nection  with  the  construction  of  first  movable  dan 
Ohio  River. 

On  detached  service.  Aide-de-camp  on  the  persoi 
of  the  General  of  the  Army  with  the  rank  of 
Member  of  Lighthouse  Board.  Member  of  Comm 
Engineers  to  devise  means  of  permanent  protectioi 
destruction  of  wharves  in  harbor  of  New  Orlean 
croachments  of  the  Mississippi  River.  Member  c 
of  Engineers  to  report  upon  plian  of  a  lock  and  a 
posed  to  be  substituted  by  Major  Merrill  for  thel 
gate  heretofore  approved  in  connection  with  1 
struction  of  first  movable  dams  on  the  Ohio  Rive 

In  charge  of  harbor  improvements  at  Milwaukee, 
and  Kenosha ;  improvement  of  the  Fox  and  W 
rivers. 

In  charge  of  the  4th  and  5th  Divisions,  Office  of  tl 
of  Engineers. 

In  charge  of  harbor  improvements  at  Ontonagoi 
Harbor,  Marquette,  Menomonee,  Green  Bav,  i 
Two  Rivers,  Manitowoc,  Sheboygan,  Port  Wasl 
and  Harbor  of  Refuge  at  entrance  of  Sturgeon  Ba 

In  charge  of  improvement  of  the  Ohio  and  Mono 
rivers;  the  Little  Kanawha  and  Guyandotte  ri^ 
Va.,  and  Big  Sandy  River,  Ky. ;  construction  of 
of  Refuse  at  or  near  Cincinnati.  Engineer  14t] 
house  District.  Member  of  Board  of  Officers  to 
and  report  upon  project  for  a  bridge  across  the  Ob 
at  Beaver,  Pa.  Member  of  Board  of  Engineers  to  < 
and  report  upon  condition  of  channel- way  of  t'. 
opposite  La  Crosse,  Wis.  Member  of  Board  of  Ol 
consider  a  bridge  proposed  to  be  built  across  1 
River  by  the  Commonwealth  Bridge  Company, 
of  Board  of  Engineers  to  report  upon  plan  of  a  1 
gate  proposed  to  be  substituted  by  M!%jor  Merril 
lock  and  ^ate  heretofore  approved  in  connection  ^ 
construction  of  first  movable  dams  on  the  Ohi< 
On  duty  in  Europe  for  the  puqiose  of  gatherini 
sional  information  respecting  movable  dams  ano 
structures. 
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^meKtthomng  rank  and  duties  of  officers  of  Corps  of  Engineers — Con'd. 


lAXE  AXD  Name. 


IfAJORS. 

(fon  tinned-) 
irMcFarland 


Duties. 


>£.  Babcock 

Brt,  Brig.  General. 

(.  Wilnoii 

Sr<.  Colonel. 


in  Harwood 

Btt.  lAenL  CoUmel. 


'.  Barlow 

3rt.  LUut.  Colimel. 


Hains  . .... 

tL  Lieut.  CoUmel. 

U.  Farqnhar.... 
rt.  Lieut.  CoUmel. 


.  Gillespie  .  .  - . . 
f.  Ueui.  Colonel. 


In  charge  of  improvement  of  harbors  of  Rocky  River,  Cleve- 
land, Fairport,  Ashtabula,  Conneaut,  Erie,  Dunkirk,  and 
Buffalo,  on  Lake  Erie ;  and  constniction  of  Fort  Porter, 
N.  Y.,  Fort  Wayne,  Mich.,  and  fort«  Ontario  and  Niagara, 
N.  Y.  ;  of  harbor  improvements  at  Olcott,  Oak  Orchard, 
Charlotte,  PultneyviUe,  Big  Sodus,  Little  Sodus,  Oswego, 
Ogdensburg,  Wilson,  and  Waddington,  N.  Y.  Engineer 
KHh  Lighthouse  District. 

On  detached  service.    Engineer  5th  Lighthouse  District. 

Li  charge  of  works  for  defense  of  the  month  of  the  Colum- 
bia River,  and  improvement  of  the  Willamette,  Columbia, 
and  Snake  rivers;  constniction  of  canal  around  the  Cas- 
cades of  the  Columbia  River.  Engineer  13th  Lighthouse 
District. 

In  charge  of  St.  Clair  Flats  Canal,  and  improvement  of 
Saginaw  River,  and  Cheboygan  Harbor,  Mich. ;  of  har- 
bors of  Au  Sable  River,  St.  Clair  River  at  mouth  of  Black 
River,  and  Thunder  Bay. 

In  charge  of  forts  Griswold  and  Hale,  and  the  construction 
of  Fort  Trumbull,  Conn. ;  improvement  of  harbors  of 
Stonington.  New  Haven,  Bridgeport,  Milford,  Southport 
and  Norwalk,  Conn.,  and  Port  Jefferson,  N.  Y. ;  improve- 
ment of  Housatonic  and  Thames  rivers,  Conn. 

On  detached  service.  Engineer  Secretary  to  Lighthouse 
Board. 

In  charge  of  harbor  improvements  at  Superior  City,  Supe- 
rior Bay,  and  Duluth ;  improvement  of  Falls  of  St.  An- 
thony, and  of  the  Mississippi  River,  above  the  Falls  of 
St.  Anthony ;  improvement  of  Chipi>ewa  and  Minnesota 
rivers  and  the  Red  River  of  the  North ;  construction  of 
Meeker's  Island  lock  and  dam.  In  charge  of  harbor  im- 
provements of  the  Mississippi  River,  from  St.  Paul  to  the 
mouth  of  the  Illinois  River;  of  the  upper  Mississippi 
River  and  Rock  Island  Rapids  of  the  Mississippi  River ; 
harbors  of  Fort  Madison,  Burlingt4>n,  and  Dubuque,  Iowa, 
Galena  River  and  Harbor,  111. ;  the  survey  for  the  im- 
provement of  that  portion  of  the  "  Mississippi  route**  des- 
ignated by  the  Senate  Select  Committee  on  Transportation 
Routes  to  Seaboard,  as  improvements  upon  a  system  to 
be  provided  so  as  to  give  from  4^  to  6  feet  depth  of  water 
at  lowest  stages  from  Falls  of  St.  Anthony  to  Alton ;  the 
protection  of  the  piers  of  the  Rock  Island  Government 
Bridge. 

On  leave  of  absence  in  Europe. 

In  charge  of  improvement  of  the  Mississippi,  Missouri,  Ar- 
kansas, White,  and  St.  Francis  rivers — removal  of  snags, 
&c.  Improvement  of  the  Missouri  River  at  the  following 
localities:  St.  Joseph,  Council  Bluffs,  Omaha,  Nebraska 
City,  Atchison,  Eastport,  Fort  Leavenworth,  and  Sioux 
City.  Survey  of  the  Missouri  River  from  it«  mouth  to 
Sioux  City.  Engineer  15th  Lighthouse  District.  Mem- 
ber of  Board  of  Engineers  to  examine  and  report  upon  the 
most  advisable  measure  for  preserving  the  water-ttont  of 
Vicksburg.  Member  of  Board  of  Officers  to  consider  and 
report  upon  plan  and  location  of  bridge  proposed  to  be 
erected  over  the  Missouri  River  at  or  near  Glasgow,  Mo. 
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Stateinent  showing  rank  and  duties  of  offieets  of  Corps  of  Engineers — Con'^^'i , 


Raxk  ANT)  Name. 


MAJORS. 

(continued.) 
Jared  A.  Smith 


Samuel  M.  Mansfield ... 
BvU  Lieut,  Colonel, 


William  J.  Twining 

CAPTAINS. 

WiUiam  R.  Ring. 

Bvi.  Major, 


Wm.  H.  H.  Benyanrd 
BtU  Major. 


Cliarleg  W.  Howell ... 
Bvi,  Major, 


GaiTet  J.  Ly decker  ... 


Arthvtr  H.  Bnmbam .... 


Apiof»Stickney..» 
BvL  Major. 


Duties. 


In  charge  of  the  improvement  of  the  Wabaah  River  aiirf 
harbors  of  Michigan  City  and  New  Bufialo. 

In  charge  of  harbor  improvements  at  Charlevoix,  Frank- 
fort, Manistee,  Ludingtou,  Pentwater,  White  River,  Mus- 
kegon, Grand  Haven,  Black  Lake,  Sangatuck,  South  Ha- 
ven and  St.  Joseph,  on  Lake  Michigan. 

On  temporary  duty  in  the  Office  of  the  Chief  of  Engineers. 


In  charge  of  improvement  of  the  Tennessee  River,  Cumber- 
land River  above  and  below  Nashville,  Tenn.,  and  Hia- 
wasaee  River,  Tenn. ;  Oost^naula,  Coosawattee^^  Etowah, 
Oconee,  and  Oomulgee  rivers,  Ga.,  and  Coosa  River,  Ga. 
an^  Ala. 

In  charge  of  improvement  of  the  L'Angaille  River,  Ark., 
and  tue  Ouachita  River  in  La.  and  Ark.,  Yazoo  River  in 
Miss.,  and  Cypress  Bayou,  Tex. ;  of  water-j^auges  on  the 
Mississippi  River  audits  principal  tributaries ;  improve- 
ment of  mouth  of  the  Red  River,  La.,  and  harbors  of 
Memphis,  Tenn.,  and  Vicksburg,  Miss.,  and  the  Missis- 
sippi River  at  those  points ;  removal  of  raft,  snags,  and 
otiier  obstitictions  from  Red  River,  and  closing  Tone's 
Bayou.  Member  of  Board  of  Engineers  to  examine  and  re- 
port upon  the  most  ad^^sable  measure  for  preserving  the 
water-front  of  Vicksburg.  Member  of  Commission  of 
Engineers  to  devise  means  of  permanent  protection 
against  destruction  of  wharves  in  narbor  of  New  Orleans 
by  encroachments  of  the  Mississippi  River. 

In  charge  of  construction  of  forts  Pike,  Macomb,  Tower  Du- 
pr^,  Battery  Bienvenue,  Tower  at  PixHjtorsville,  and  forts 
Jackson,  St.  Philip,  and  Livingston;  improvement  of  the 
mouth  of  the  Mississippi  River  at  Southwest  Pass ;  of  New 
Orleans  and  Galveston  harbors,  Sabine  Pass  and  Red  Fish 
Bar  in  Galveston  Bay ;  improvement  of  ship-channel  San 
Jacinto  River  to  Bolivar  Channel,  Galveston  Bay,  Texas; 
improvement  of  Pass  Cavallo,  Texas.  Removal  of  wrecks 
and  other  obstructions  to  navigation  at  Brazos  Santiago, 
Tex.,  and  in  Bayou  La  Fourche,  La. ;  improvement  of  the 
narrows  alKJve  Orange  on  S«abine  River,  Tex.,  and  deep- 
ening the  channel  at  mouth  of  said  river;  deepening  chan- 
nel at  mouth  of  Trinity  River,  Tex.,  and  removal  of  ob- 
Rtruetions  to  Liberty;  deepening  of  channel  at  mouth  of 
Neches  River,  Tex.,  and  removaiof  obstructions  to  Beau- 
mont. Member  of  Board  of  Engineers  to  consider  questions 
relating  to  improvement  of  Galveston  Harbor  and  en- 
trance. Member  of  Commission  of  Engineers  to  devise 
means  of  permanent  protection  against  destniction  of 
wharves  in  harbor  of  New  Orleans  by  encroachments  of 
the  Mississippi  River. 

Engineer  Officer,  Mil.  Div.  of  the  Missouri.  In  charge  of 
tne  construction  of  the  harbors  of  Chicago,  Calumet, 
Michigan  City,  and  New  Buffalo,  and  the  improvement  of 
the  Ilfiuois  River. 

On  duty  under  immediate  orders  of  Colonel  Benham,  Died 
September  12,  1877. 

On  duty  under  immediate  orders  of  Colonel  Macomb,  In 
charge  of  the  Des  Moines  Rapids  Canal  and  the  inoprove- 
ment  of  the  Des  Moiuea  Ka^ida  of  the  Mississippi  River. 
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skmentihowing  rank  and  duties  of  offivers  of  Corps  of  Engineers — Cou'd. 


Rank  axd  Name. 


DlTIES. 


CAfTAlXS. 

icontiiiued.) 


m  W.  Cuyler 


uinder  Mackenzie  . . . 


lid  H.  Ernst. 


IP.  Heap 

im  Ludlow..  .... 

irt.  Lie»L  Colonel, 


mB.  Pliillips. 


m  A.  Joneo  . . 

ir  N.  Danrell 
Bet,  Mafor. 


*s  J.  Alleu  . 
Brt.  ^Icijor, 


n»  W.  Raymond 

C.  Overman 

MlerM.  MiUer. . 


R.  Brown 


Ou  duty  under  the  iuuuodiatc  onleiH  of  Major  CraighilL  lu 
t«.^uii>oniry  charge  of  the  ui>pcr  New  Kiver,  W.  Va. 

On  duty  under  immediate  order**  of  Major  ireUzeJ.  In  teni- 
iH)rary  charge  of  improvement  of  the  falls  of  the  Ohio 
Kiver  and  L«)uiK>'ille  and  Portland  Canal;  of  St.  Mary's 
Falls  Canal,  St.  Mary's,  St.  Clair,  Detroit,  and  Sehawaing 
rivers,  Mich. ;  Harbor  of  Refuge  on  Lake  Huron.  En- 
gineer 11th  Lighthouse  District. 

Commanding  Company  E,  Battalion  of  Engineere.  On 
duty  at  the  Military  Academy  as  instructor  of  Practical 
Military  Engineering,  Military  Signaling,  and  Telegrajihy . 

On  duty  under  immediate  orders  of  Major  Warren. 

On  duty  under  immediate  orders  of  Lieutenant-Colonel 
Kurtz,  In  temporary  charge  of  construction  of  fort«  Del- 
aware, Del.,  and  Mifflin,  Pa.,  battery  at  Flunks  Point,  N. 
J.,  and  work  opposite  Fort  Delaware,  piers  at  Now  Castle 
and  Lewes,  Del. ;  harbor  improvements  at  Wilmington, 
Del.,  and  on  Delaware  River  and  Bay;  improvement  of 
the  Shrewsbury  Kiver  and  Cohansey  Creek,  N.  J.,  Dela- 
ware and  Broadkiln  rivers,  Del.,  and  Schuylkill  River, 
Pa.    On  duty  under  immediate  orders  of  Colonel  Macomb, 

On  duty  under  immediate  orders  of  Major  CraighilL  In 
temporary  charge  of  construction  of  defenses  of  Balti- 
more, Md.,  anu  Washington,  D.  C. ;  improvement  of 
Chester,  Wicomico,  Elk,  and  Pocomoke  rivers,  Md., 
James  and  Appomattox  rivers,  Va.,  Great  Kanawha, 
New,  and  Elk  rivers,  W.  Va.,  and  Cape  Fear  River, 
N.  C,  and  of  the  harbor  of  Baltimore,  and  inner  harbor 
at  Cambridge,  Md.  Member  of  Advisory  Board  to  State 
Harbor  Commission  of  Norfolk  and  Portsmouth. 

.    On  detached  service.    Engineer  6th  Lighthouse  District. 

In  charge  of  eonstniction  of  defenses  of  Mobile  and  Pensa- 
cola,  and  fort  on  Ship  Iidaud,  Miss. ;  improvement  of  har- 
bors of  Pensacola  and  Cedar  Keys,  Fla.,  and  Mobile,  Ala. ; 
of  Chattahoochee  and  Flint  rivers,  Ga.,  Alabama  and 
Pascagoula  rivers,  Miss.,  Appalachicola  River,  Fla.,  and 
Warrior  and  T(mibigl>ee  rivers,  in  Ala.  and  Miss. ;  re- 
moval of  obstructions  in  the  Choctawhat<!hie  River,  Ala. 
and  Fla.    Engineer  8th  Lighthouse  District. 

On  duty  under  inmiediate  orders  of  Colonel  Simpson.  Mem- 
ber of  Board  of  Officers  to  consider  and  report  ui>on  plan 
and  location  of  bridge  i)roi>oHe«l  to  be  erected  over  the 
Mitsiiouri  River  at  or  near  Glasgow,  Mo. 

On  detached  service.     On  duty  at  the  Military-  Academy. 

On  duty  under  immediate  orders  of  Captain  King, 

Commanding  Company  B,  Battalion  of  Engineers;  on  serv- 
ice with  Battalion  in  Baltimore,  Md.,  Philadelphia  and 
East  on.  Pa.,  during  the  railroad  riots  in  1877.     Member  ot 

feneral  court-martial  to  meet  at  Easton,  Pa.,  August  10, 
877.     Member  of  ceneral  court-martial  to  meet  at  Willets 
Point,  New  York  Harbor,  May  31,  1878. 

Temporarily  detailed  to  report  upon  the  de])th  and  width 
of  a  channel  secured  and  maintained  by  jetties  constnict- 
ed  by  James  B.  Eads  at  tlie  mouth  ol  the  Mississippi 
River.  On  duty  iinder  the  immediate  orders  of  Major 
Comstocl  in  connection  with  the  jetties  coustnicted  by 
Jawea  B.  Eads  at  the  mouth  of  the  MiBsissippi  River, 


/ 
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Statement  shoichig  rank  and  duties  of  officers  of  Corps  of  Engineers — Coa^ 


Rank  and  Name. 


CAPTAINS. 

(continued.) 
Milton  B.  Adams . . . 

Wm.  R.  Livennore. 

William  H.  Heuer. . 
William  S.  Stanton 
A.  Nisbet  Lee 


Thomas  H.  Handbnry. 


Duties. 


James  C.  Post . . . 
James  F.  Gregory 

Henry  M.  Adams 
James  Mercnr  . . . 


Clias.  E.  L.  B.  Davis.-, 
Benjamin  D.  Greene  ... 

FIRST  LIEUTENANTS. 

George  M.  Wheeler . . . . 
James  B.  Quinn 


On  duty  under  immediate  orders  of  Lieutenant-Colonel 
Blunt.  On  duty  under  iumiediate  ordere  of  Major  JAe*- 
Farland, 

Commanding  Company  C,  Battalion  of  Engineers;  on  senr- 
ice  with  Battalion  in  Baltimore,  Md.,  Philadelphia  aii«i 
Easton,  Pa.,  during  the  railroad  riots  of  1877. 

In  charge  of  construction  of  forts  Jefferson  and  Taylor,  Fla- 
Engineer  7th  Lighthouse  District. 

On  detached  service.  Engineer  Officer,  Department  of  th© 
Platte. 

On  duty  under  immediate  orders  of  Major  WeiUel,  On 
duty  under  immediate  orders  of  Captain  Mackenzie, 

Commanding  Company  A,  Battalion  of  En^neers ;  on  serv- 
ice with  Battalion  in  Baltimore,  Md.,  Philadelphia  and 
Easton,  Pa.,  during  the  railroad  riots  of  1877.  Member  of 
general  court-martial  to  meet  at  Willets  Point,  New  York 
Harbor,  May  31,  1878. 

On  duty  under  immediate  orders  of  Lieutenant-Colonel 
GiUmore. 

On  detached  service.  Engineer  Officer,  Dept.  of  Texas. 
Member  of  general  court-martial  to  meet  at  Fort  Clark, 
Tex.,  Oct^jber  15,  1877.  Commanding  Company  C,  Bat- 
talion of  Engineers. 

In  temporary  charge  of  the  survey  of  Northern  and  North- 
western Lakes  and  survey  of  the  Mississippi  River.  On 
duty  under  immediate  ordere  of  Major  Conuttock, 

In  temporary  charge  of  construction  of  forts  Montgomery, 
Columbus,  Castle  Williams,  South  Battery  Governor's 
Island,  Wood,  Hamilton,  and  additional  batteries,  Mortar 
Battery  at  Fort  Hamilton,  and  fort  at  Sandy  Hook.  In 
temporary  charge  of  manufacture  and  supply  of  mastic ; 
improvement  of  the  Hudson  River,  Harlem  River,  and 
East  Chester  Creek,  N.  Y.,  Otter  Creek,  Vt.,  and  Passaic 
River,  N.  J. ;  removal  of  obstructions  in  the  East  River, 
including  Hell  Gate,  N.  Y. :  improvement  of  channel  be- 
tween Staten  Island  and  New  Jereey;  harbor  improve- 
ments at  Burlington  and  Swanton,  Vt.,  Rondout,  Port- 
chester,  and  Plattsburgh,  N.  Y. :  the  survey  of  so  much 
of  the  3d  subdivision  of  the  ^^2^orthem  route*^  designated 
by  the  Senate  Select  Committee  on  Transportation  Routes 
to  Seaboard,  as  extends  from  lYoy,  on  the  Hudson  River, 
to  New  York  City,  under  immediate  orders  of  Lieutenant- 
Colonel  Xewton.  Recorder  of  Board  of  Englneere  on  im- 
provement of  Charleston  Harbor,  S.  C. 

On  duty  under  immediate  orders  of  Captain  Hoicell. 

Adjutant  Battalion  of  Engineers  and  Post  of  Willets  Point. 
Post  Treasurer  and  Signal  Officer. 

In  charge  of  Geographical  Surveys  of  the  territory  west  of 
the  l(X)th  meridian. 

Q.  M.  Battalion  of  Engineers.  A.  A.  Q.  M.,  A.  C.  S.,  and 
Reciiiiting  Officer  Post  of  Willets  Point.  On  service  with 
Battalion  in  Baltimore,  Md.,  Philadelphia  and  Easton, 
Pa.,  during  the  railroad  riots  of  1877.  Member  of  ceneral 
court-martial  to  meet  at  Willets  Point,  New  Y'ork  Har- 
bor, May  31,  1878. 
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imeiU  showing  rank  and  duties  of  officers  of  Corps  of  Engineers — Con'd. 


Kaxe  jlsd  Name. 


BST  LIEXrrEXAXTS. 

(continued.) 
el  W.  Lockirood  . 


stH.  Rufiher , 


C.  Mallerv----  -. 


qB.  Sears 
«  Turtle  .. 

dMagnlre 


ck  A.  Mahan.., 


F.  Powell...... 

;k  A.  Himnan... 
3.  Payson  ...... 


D.  Knight 

la.   Hoxie  ....•• 

ni .  Bass ••..  ...•• 

I  L.  Marshall . . . . 
H.  WiUard 


Duties. 


gland ...... . 

E.  Tillman  - . 
f.  Price  -  -  -  .  - 


On  duty  under  immediate  orders  of  Captain  H.  M.  Adams. 
On  duty  under  immediate  orders  of  Major  Comstock. 

On  detached  service.  Engineer  Officer,  Department  of  the 
Missouri.  Member  of  general  court-martial  to  meet  at 
Leavenworth  Military  Prison,  Kan.,  November  2,  1877. 
Member  of  general  court-martial  to  meet  at  Fort  Lyon,  Col. 

On  detaehed  service.  Engineer  Officer,  Mil.  Div.  of  Pacific 
and  Department  of  California.  On  temporary  duty  with 
the  Commissioner  of  Education  in  connection  with  the 
Paris  Exposition,  &.c.  On  duty  with  Board  of  Commis- 
sioners to  determine  the  Boundary  Line  between  the 
States  of  Virginia  and  West  Virginia. 

On  detached  service.    On  duty  at  the  Military  Academy. 

On  duty  under  immediate  orders  of  Major  CraighilL  On 
duty  under  immediate  orders  of  Captain  Phillips, 

On  detached  service.  Engineer  Officer,  Department  of 
Dakota.  In  charge  of  the  improvement  of  the  Missouri 
River  above  the  mouth  of  the  Yellowstone  under  the  di- 
rection of  the  Chief  of  Engineers,  and  the  survey  of  the 
Yellowstone  River. 

On  duty  under  immediate  onlers  of  Major  Merrill,  In 
temporary  charge  of  improvement  of  the  Ohio  and  Mo- 
nongahela  rivers;  the  Little  Kanawha  and  Guyandotte 
rivers,  W.  Va.,  and  Big  Sandy  River,  Ky.,  construction 
of  Harbor  of  Refuge,  at  or  near  Cincinnati.  Engineer 
14th  Lighthouse  District.  Recorder  of  Board  of  Engineers 
to  examine  and  report  upon  plan  of  a  lock  and  gate  pro- 
posed to  be  substituted  by  Major  Merrill  for  the  lock 
and  gate  heretofore  approved  in  connection  with  the  con- 
struction of  first  movable  dams  on  the  Ohio  River. 

On  duty  under  immediate  orders  of  Captain  H.  M,  Adams, 
On  duty  under  immediate  orders  of  M^jor  Comstock, 

On  duty  under  immediate  orders  of  Major  Houston, 

On  duty  under  immediate  orders  of  Lieutenant-Colonel 
Stewart  J  and  of  the  Board  of  Engineers  for  the  Pacific  Coast. 

On  detached  service.    On  duty  at  the  Military  Academy. 

On  detached  service.  Chief  Engineer  of  the  District  of 
Columbia  under  the  direction  of  the  Board  of  Commis- 
sioners. 

On  detached  service.  On  duty  at  the  Military  Academy. 
Resigned  May  2,  ItiTd, 

On  duty  under  immediate  orders  of  Captain  King, 

On  duty  under  immediate  orders  of  Captain  Mercur.  On 
duty  under  immediate  orders  of  Lieutenant-Colonel  Xeic- 
ton.  Recorder  of  Board  appointed  to  cooperate  with  the 
authorities  of  the  State  of  New  York  in  examining  and 
deciding  upon  exterior  pier  and  bulkhead  lines  on  Hud- 
son River  from  State  dam  at  Troy  to  the  city  of  Hudson. 

On  duty  under  immediate  orders  of  Lieutenant  Wheeler. 

On  duty  under  immediate  orders  of  Lieutenant  Wheeler. 

On  duty  under  immediate  orders  of  Captain  H.  M.  Adamn. 
On  duty  under  immediate  orders  of  Major  Comstock. 
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Statement  shmcing  rank  and  da  ties  of  officers  of  Corps  of  Engitteers— 


Rank  and  Name. 


Walter  L.  Fisk 


Solomon  W.  Roessler 

U.  S.  CIVIL  ENGINEERS. 

Clarence  Kins: 


K).      X  •    i\.  Oeni    .    ■««•    <•    asasi 


Duties. 


FIRST  LIEUTENANTS. 

(continued.) 
Francis  V.  Greene.... 


Carl  F.  Palfrey 

William  H.  Bixby  .... 
Henry  S.  Taber 

William  T.  Rossell 

Thomas  N.  Bailey 

Thos.  W.  Symons 

SECOND  LXEUTENANTS 

Smith  S.  Leach 

Dan  C.  Kingman 

Eugene  Griffin ........ 

Willai'd  Young 

William  M.  Black 


M.  Meigs 


On  d<*ta<lu'<l  service.  On  duty  under  the  Depan 
State  i\A  Military  Attachd  to  the  U.  S.  Legatic 
Petei-sburg. 

On  detached  senice.    On  duty  at  the  Military  Aca 

On  detached  ser\'ice.    On  duty  at  the  Military  Aca 

On  duty  at  the  Military  Academy,  and  with  Con 
Battalion  of  Engineers. 

On  detached  serNice.    On  duty  at  the  Military  Aca< 

On  detached  service.    On  duty  at  the  Military  Aca 

On  duty  under  immediate  orders  of  Lieutenant  JVl 


On  duty  with  Company  C,  Battalion  of  Engineers ; 
ice  with  Battalion  in  Baltimore,  Md.,  Piiiladelj; 
Eaaton,  Pa.,  during  the  railroad  riots  of  1877. 
advocate  of  general  court-martial  to  meet  at  Eas^ 
August  10,  1877. 

On  duty  with  Company  C,  Battalion  of  Engineers ;  o: 
with  Battalion  in  Baltimore,  Md.,  Philadelphia  a 
on,  Pa.,  during  the  railroad  riots  of  1877.  On  te 
duty  under  immediate  orders  of  Lieutenant-Colo 
more  in  connection  with  the  Washington  Monum< 
duty  with  Company  A,  Battalion  of  Engineers. 

On  duty  with  Company  B,  Battalion  of  Engineers ; 
ice  with  Battalion  in  Baltimore,  Md.,  Piiiladelj 
Easton,  Pa.,  during  the  raihx)ad  riots  of  1877.     < 
under  immediate  orders  of  Lieutenant  Wheeler, 
porary  duty  with  Battalion  of  Engineers. 

On  duty  with  Company  A»  Battalion  of  Engineers; 
ice  with  Battalion  in  Baltimore,  Md.,  Piiiladelj 
Easton,  Pa.,  during  the  railroad  riots  of  1877.  < 
under  immediate  orders  of  Lieutenant  Wheeler. 

On  duty  at  U.  S.  Military  Academy.  On  duty  wi 
pany  C,  Battalion  of  Engineers.  Member  of  genei 
martial  to  meet  at  Willets  Point,  New  York  Harl 

31, 1878. 

On  duty  at  U.  S.  Military  Academy.  On  duty  wi 
l>any  B,  Battalion  of  Engineers.  Member  of  genei 
martial  to  meet  at  Willets  Point,  New  York  Harl 
31,  1878. 

On  duty  with  Companv  A,  Battalion  of  Engincei's. 
advocate  of  general  court-martial  to  meet  at 
Point,  New  York  Harbor,  May  31,  1878. 

In  charge  of  Geological  Exjiloration  of  40th  Paralle 

In  charge  of  improvement  of  Occoquan,  Rappal 
Elizabeth,  Nansemond,  Black  Water,  Hampton,  an 
ahominy  rivers,  Va.,  Roanoke,  Pamplico,  Pen 
and  French  Broad  rivers,  N.  C. ;  of  Aqnia,  Accot 
Noinini  creeks,  Va. ;  of  the  harbors  of  Washinis 
Georgetown,  D.  C,  Norfolk,  Va.,  and  harbor  o 
Bay,  Leonardtown,  Md. 

On  duty  nnder  immediate  orders  of  Colonel  Maeo 
duty  under  immediate  orders  of  Major  Farquhar. 


LA^A\rs 


AFFECTING    THE 


CORPS   OF  ENGINEERS 


FORTY-FIFTH  CONGRESS,  FIRST  AND  SECOND  SESSIONS. 


1877-'78. 


11  E 


\ 


L^T^S 


AFFECTING 


THE  CORPS  OF  ENGINEERS 


FORTY-FIFTH  CONGRESS,  FIRST  AND  SECOND  SESSIONS,  1877-78. 


CEAP.  L— An  act  making  approprifttions  for  the  support  of  the  Army  for  the  fiscal     Nov.  21,  1877. 
year  ending  Jane  30,  1878,  and  for  otner  purposes.  — 


Be  it  enacted  hy  the  Senate  and  Home  of  Representatives  of  the  United 
.^Wo  of  America  in  Congress  assembled^  That  the  following  sums  be,  and  mIJ^^"*^**!"** 
tbefijuneare  hereby,  appropriated,  ont  of  any  money  in  the  Treasury  '*""'*n^*«'^»ce- 
Dot  otherwise  appropnated,  for  the  support  of  the  Army,  for  the  year 

fflding  June  thirtieth,  eighteen  hundred  and  seventy-eight,  as  follows : 

*  •  •  •  •  #• 

Engineer  Department.— For  en^neer  depot  at  Willets  Point,  New    En^neer   De- 
Tork,  namely :  For  purchase  of  engineering  materials  to  continue  the  ^"schwl^^of  bat- 
ffmnt  course  of  instruction  of  the  engineer  battalion  in  field  engineer-  taiion. 
ins,  one  thousand  dollars. 

For  incidental  expenses  of  the  depot,  remodeling  ponton-trains,  re-    Incidental    ex- 
ptinng  instruments,  fuel,  forage,  stationery,  chemicals,  extra-duty  pay,  P*"*'^*- 
eitiinary  repairs,  one  thousand  five  hundred  dollars. 

AppTOTed,  November  21,  1877. 


?^l]   Joint  resolntion  fixing  a  site  for  the  equestrian  statue  of  General  Greene.        Nov.  23,  1877. 


Bitolred  by  the  Senate  and  House  of  Representatives  of  the  United  States 
^  Ammca  in  Congress  assembled,  That  the  statue  of  Major-General  Na-    Site  for  statue  of 
tbanael  Greene,  ordered  by  Congress,  be  erected  at  the  intersection  of  General  Greene. 
MvrUnd  and  Massachusetts  avenues. 

Approved,  November  23,  1877. 


CHAP.  3. — An  act  to  provide  for  deficiencies  in  the  appropriations  for  the  service  of     Dec  15,  1877. 

thi?  ffoTenunent  for  the  fiscal  year  ending  June  30. 1878,  and  for  prior  years,  and  for 

«thfT  purpooea. 

ht  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
^tei  of  America  in  Congress  assembled,  That  the  following  sums  be,  and    Deficioncv 
tile  same  are  hereby,  appropriated,  out  of  any  money  in  the  Treasury  propriations. 
pot  otherwise  appropriated,  except  as  differently  specified,  for  the  ob- 
jects hereinafter  expressed,  namely : 

For  adapting  the  ponds  in  Monument  lot  in  the  city  of  Washington    Cultivation  of 
toth«  culture  of  carp  for  distribution  throughout  the  United  States  carp. 
(the  use  of  which  lot  for  the  purpose  in  question  being  hereby  granted     U»»e  of  lot  for. 
to  the  United  States  Fish  Commission),  the  work  to  be  done  by  the 
ni^dnwr  in  charge  of  public  buildings  and  grounds,  according  to  the 
pUoAofthe  United  States  Fish  Commission,  five  thousand  dollars,  to 

be  available  immediately. 

■  •  •  «  «  «  » 

That  the  Secretary  of  War  is  authorized  to  rent  offices  required  for    Rent  of  haild- 
ihe  eonstrnction  of  the  State,  War,  and  Navy  Department  bmldiug,  and  ^««  »»***»°^^"'^- 
public  buildingB  and  grounds,  at  an  aggregate  rental  not  to  exceed  two 


164         REPORT  OF  THE  CUIEF  OF  ENGINEERS. 

thousand  one  hundred  dollars  per  annum,  until  such  offices  can  be  sup- 
plied in  buil<Ung8  belonging  to  the  government ;  and  to  pay  for  the 
rent  of  the  building  now  occupied  for  said  offices,  from  the  first  day  ot 
May,  eighteen  hundred  and  seventy-seven,  out  of  any  existing  appro- 

{)riations  for  the  State,  War,  and  Navy  Department  building,  or  public 
)uildings  and  grounds. 

MISCELLANEOUS. 
StAto  Wftr  ftnd 

Navy  'Depart-     State,  War,  and  Navy  Department  building :  For  continuation  of  the 
ment  buildmg.     east  wing  of  the  building,  one  hundred  and  seventy-live  thousand  dol- 
lars; and  for  contiuuation  of  the  north  wing  of  the  building,  one  hun- 
dred and  fifty  thousand  dollars;  in  all,  three  hundred  and  twenty-five 
thousand  dollars. 

Approved,  December  15,  1877. 


CHAP.  13. — An  act  for  the  removal  of  obHtractions  fW>m  the  MissiftAippi,  Missouri, 
Feb  7  1878  Arkansas,  and  Red  Kivers  and  for  the  preservation  of  the  public  property. 


Be  it  enacted  by  the  Senate  and  Howie  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled^  That  the  sum  of  forty  thousand 
Aiipropriations.  dollars  be  an<l  the  same  is  herei>y  appropriated  out  of  any  money  in  the 
Treasuiy  not  otherwise  appropriated,  to  be  expended  under  the  direc- 
tion of  the  War  Department,  for  the  removal  of  snags  and  other  ol>struc- 
Removing   ob-  tions  from  the  Mississipiii,  MissiMiri,  and  Arkansas  Rivers,  and  for  the 
MLssdlwippi    and  presiTvation  of  the  government  vessels  in  that  service, 
other  rivers.  Sec.  2.  That  the  sum  of  six  thousand  dollars  be  and  the  same  is  hereby 

Oneuiiie  navi-  apj^ropriated  out  of  any  money  in  the  Treasury  not  otherwise  appropri- 
jration  of  Redated,  to  be  expended  under  the  direction  of  the  War  Department,  for 
River,  La.  the  purpose  of  opening  the  navigation  of  Red  River  above  Shreveport 

in  the  State  of  Louisiana,  and  keeping  said  navigation  open  and  free 
from  rafts,  and  for  the  puq>ose  of  preserving  the  vessels  and  boats  of 
the  United  States  employe<l  in  that  work. 
Sec.  3.  That  tliis  act  take  effect  from  the  date  of  its  passage. 
To  Uke  effect.       Approved,  February  7,  1878. 


CHAP.  32. — ^An  act  to  authorize  the  construction  of  a  bridge  across  the  Missouri  River 
March  13,  1878.  at  or  near  Glasgow,  Missouri. 


Be  it  enacted  by  the  Senate  and  House  of  Bepresentatires  of  the  United 

Railroad   f.j^A'^^^^^^^f^*^*^''*^^  *"  Congress  assembled,  That  any  corjwrat ion  existing, 

wagon    bridge  ^^*  which  may  be  organized,  under  the  laws  of  the  State  of  Missouri,  be, 

m.i.v  l>e  built  at  and  is  hereby,  authorized  to  construct  and  maintain  a  britlge,  and  ai>- 

Glas;4ow,  Mo.       proaches  thereto,  over  the  Missouri  River,  at  or  near  Glasgow,  in  the 

county  of  Howard,  in  sitid  State.     Said  bridge  shall  be  constructed  to 
provide  for  the  passage  of  railway-trains,  and,  at  the  option  of  the  cor- 
poration by  which  it  may  be  built,  may  be  used  for  the  passage  of 
wagons  and  vehicles  of  all  kinds,  for  the  transit  of  animals,  and  for  foot- 
passengers. 
Post-route-  rate      ^^"-C-  2-  That  any  bridge  built  under  this  act,  and  subject  to  its  limita- 
payablo  by'uni-  tions,  shall  be  a  lawful  structure,  and  shall  be  recognized  and  known  as 
ted  States.  a  post -route,  upon  which  also  no  higlier  charge  shall  be  made  for  the 

transmission  over  the  same  of  tlie  mails,  the  troops,  and  the  munitions 
of  war  of  the  Unite<l  States  than  the  rate  per  mile  jiaid  for  the  transpor- 
tation over  the  railroad  or  public  highways  leading  to  the  said  bridge; 
and  it  shall  eujoy  the  rights  and  i>rivileges  of  other  post-roads  in  the 
United  States. 
How  to  be  con-  ^'''^''  ''^'  That  if  said  bridge  shall  be  made  with  unbroken  and  continu- 
structed.  ous  spans,  the  spans  thereof  shall   not  be  less  than  three  hundred  feet 

in  length  in  the  clear,  and  the  main  span  shall  be  over  the  main  chan- 
nel of  the  river.  The  lowest  part  of  the  superstructure  of  said  bridge 
shall  be  at  letist  fifty  feet  above  extreme  high-watermark  as  understoo<l 
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atthe point  of  location,  and  the  bridge  shall  be  at  right  angles  t4),  and 
its  piers  parallel  with,  the  current  of  the  river:  Provided  j  That  if  the 
same  ghall  be  eoiiHtructed  as  a  draw-bridge,  the  draw  or  pivot  shall  be 
orer  the  main  channel  of  the  river  at  an  aceensible  navigable  point,  and 
the  {(pans  shall  not  be  less  than  one  hundred  and  sixty  feet  in  length  in 
the  clear,  and  the  piers  of  said  bridge  shall  be  parallel  with,  and  the 
bridge  itself  at  right  angles  to,  the  current  of  the  river,  and  the  sjians 
shall  not  be  less  than  t^n  feet  alKive  extreme  high- water  mark,  as  nnder- 
stwxl  at  the  point  of  location,  to  the  lowest  part  of  the  superstructure 
of  said  bridge :  Provided  aho.  That  said  draw  shall  l)e  oi)ened  promi)tly.     Opening;    o  f 
npon  reasonable  signal,  for  the  passing  of  boats;  and  said  c(mipany  or  <lraw;  signals, 
corporation  shall  maintain  at  its  own  expense,  from  sunset  till  sunrise. 
?»nrn  lights  or  other  signals  on  said  bridge  as  the  Light-House  Board 
j^hall  prpscril>e.     No  bridge  shall  l)e  erected  or  maintained  under  the     Olistmction  of 
anthority  of  this  act  which  shall  at  any  time  substantially  or  materially  nftvij^tlou. 
iihrtnict  the  free  navigati<ni  of  said  river;  and  if  any  bridge  erected 
nnder  snch  authority  shall,  in  the  opinion  of  the  Secretary  of  War,  ob- 
!«tnict  such  navigation,  lie  is  hereby  authorized  to  cause  such  change  or 
alteration  of  said  bridge  to  l>e  mside  as  will  etfectually  obviate  such     Altc^rations. 
f>b8struction ;  and  all  8U<*h  alterations  shall  be  made  and  all  such  obstruc- 
tioa*»  be  removed  at  the  expense  of  the  owner  or  owners  of  said  bridge. 
And  in  case  of  any  litigation  arising  from  any  obstruction  or  alleged    Jtinsdiction  of 
ohstmction  to  the  free  navigation  of  said  river,  caused  or  allegeil  to  be  courts, 
caused  by  said  bridge,  the  case  may  be  brought  in  the  district  court  of 
the  United  States  ot  the  State  of  Missouri,  in  which  any  portion  of  said 
nl*tniction  or  bridge  may  l>e  located:  Provided  further  y  That  nothing  in     Existing  laws, 
this  act  shall  l>e  so  construed  as  to  rei^eal  or  modify  any  of  the  provis- 
ions of  law  now  existing  in  reference  to  the  pn)t4*ction  of  the  naviga- 
tion of  rivers,  or  to  exempt  this  bridge  from  the  operation  of  the  same. 

Sec.  4.  That  all  railroad  companies  desiring  the  use  of  said  bridge  Use  of  bridge, 
shall  have  and  lie  entitled  to  equal  rights  and  privileges  relative  to  the 
passage  of  railway-trains  over  the  same,  and  over  the  api)r<)achcs  thereto, 
apon  payment  of  a  reasimable  compensation  for  such  use  ;  and  in  case 
the  owner  or  owners  of  said  bridge  and  the  several  railroad  companies, 
'irany  one  of  them,  desiring  such  use,  shall  fail  to  agree  imon  tlie  sum 
fir  sums  to  l»e  paid,  ami  upon  rules  and  conditions  to  which  each  shall 
wmfomi  in  iwing  said  bridge,  all  matters  at  issue  between  them  shall 
lie  deeideil  by  the  Se(Tetar>*  of  War,  upon  a  hearing  of  the  allegations 
ainl  pn»ofo  of  the  parties. 

8ec.  5.  That  amy  bridge  authorized  to  be  coustnicted  under  this  act     Rejrnlatlons  by 
%hall  l>e  built  and  located  und<ir  and  subject  to  such  regulati<ms  for  the  SctretaryofWaf. 
serarity  of  navigation  of  siiid  river  as  the  Secretary  of  War  shall  nre- 
srril»e  r  and,  to  s<»cure  that  object,  the  said  c<mi])any  or  corjioratiou  siiall 
<obniit  to  the  8«*cretary  of  War,  for  his  examiuati<m  and  ai)proval,  a 
Wgn  and  drawings  of  the  bridge,  and  a  ma]>  of  the  location,  giving,     Mnpnnddraw- 
fwtne  space  of  one  mile  above  and  one  mile  1k4ow  the  proj)oscd  location,  in>i"<- 
the  topography  of  the  banks  of  the  river,  the  shore-lines  at  high  and  low 
vater.  the  direction  and  strength  of  the  currents  at  all  stages,  and  the 
soundings,  accurately  sh<»wing  the  bed  of  the  stream,  th<'  location  of 
any  other  bridge  or  bri<lge.s,  and  shall  furnish  such  other  information  as 
may  !>♦•  require<l  for  a  full  and  satisfactory  understanding  of  the  subject; 
ami  nntil  the  Kjri<l  i>lan  and  location  of  the  bridge  are  a]»]>roved  by  the     Approval. 
St^retary  of  War,  the  bridge  shall  not  be  built ;  and  should  any  change 
He  made  in  the  plan  of  said  bridge  during  the  progress  of  construction, 
«nch  change  shall  be  siil»je(;t  to  the  aiqu'oval  of  the  Secretary  of  War. 

.Skc.  <i.  That  the  right  to  alter,  amend,  or  repeal  this  act  is  herel>y   Amendment  and 
♦•xprpssly  res<'r>'e4l. 
Ajiproved,  March  13,  1878. 


'-'HAP.  4.^. An  act  ninkin;;  appro]»riations  for  fortifications  and  for  other  works  of     March  23,  187s. 

'l»fen»*-  and  for  the  amiaimnt  thorcof.  for  the  fisral  year  «-inliiij:  June  ;K).  1879,  and 

for  othff  pnrix»>M'**- 

Ik  it  euartcd  hy  the  Senate  and  Home  of  Urprescntativcx  of  the  United  States 
"f  Amcrira  in  ConqrcH**  aJiuemlded,  That  the  sum  of  one  hundred  thousjiiid   AppropriatioiiH. 
•V'llars  ]w.  and  tin*  Haine  is  hereby,  appropriated,  out  of  any  money  in 
tbf-Treasurv  not  otherwi.se  appropriated,  for  the  pr«>teitioH,  preserva- 
tion, and  ri'pair   of  foi-tifieatious  and  other  works  of  defense,   for  the     FortificatioiiH. 
tl'^ a!  year  ending  June   thirtieth,  eighteen  hundred  and  seveiity-niue. 
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the  same  to  be  expended  under  the  direction  of  the  Secretary  of  War ; 
also,  the  following  for  armament  of  fortifications,  namely  : 

Torpedoes   for     For  torpedoes  for  harbor  defenses,  and  preservation  of  the  same,  and 
harbor  defenses,  for  torpedo  experiments  in  their  application  to  harbor  and  land  defense, 

and  for  instruction  of  euffineer  battalion  in  their  preparation  and  appli- 
Proviso    Umit-  cation,  fifty  thousand  dollars :  Provided^  That  the  money  herein  appro- 
ing  use.  priated  for  toq>edoes  shall  only  be  used  in  the  establishment  and  main- 

tenance of  t«»q>edoe8  to  be  operated  from  shore-stations  for  the  destruc- 
tion of  an  enemy^s  vessel  approaching  the  shore  or  entering  the  channel 
and  fairways  of  harbors. 

Approved,  March  23,  1878. 


April  10,  1878.   CHAP.  58. — An  act  to  authorize  the  Secretary  of  War  to  prescribe  mles  and  r^ula- 

tions  to  be  observed  in  the  preparation,  subn^ssion,  and  dpening  of  bids  for  contracts 

under  the  War  Department. 

Be  it  enacted  by  the  Senate  and  House  of  Bepresenatives  of  the  United  States 
Bids    for  con-  of  America  in  Congress  assembledy  That  the  Secretary  of  War  is  hereby 
tractsimder  War  authorized  to  prescribe  rules  and  regulations  to  be  observed  in  the 
partment        preparation  and  submission  and  opening  of  bids  for  contracts  under  the 
War  Department ;  and  he  may  require  any  bid  to  be  accompanied  by  a 
bond  in  such  peual  sum  as  he  may  deem  advisable,  with  good  and  sufficient 
security,  conditioned  that  the  bidder  will  enter  into  a  contract  agreea- 
bly to  the  terms  of  his  bid,  if  the  same  be  awarded  to  him  within 
sixty  days  from  the  date  of  the  o^Mining  of  the  bids,  or  otherwise  pay 
the  penalty.    No  bid  shall  be  withdrawn  by  the  bidder  within  the  said 
period  of  sixty  days. 

Approved,  April  10,  1878. 


April  20,  1878.   CHAP.  62. — An  act  to  authorise  the  construction  of  a  bridge  abutment  and  approach 
within  the  Fort  Riley  military  reservation. 


Be  it  enacted  by  the  Senate  and  Home  of  Bepresentatives  of  the  United  States 
BridgBoreT'Re-  of  America  in  Congress  assembled,  That  the  Secretary  of  War  be,  and  he 
nublican  ^Y^^i  is  hereby,  authorized  to  peniiit  the  county  commissioners  of  Davis 
m?nt**°and*ap- ^*^"^*y>  Kansas,  in  erecting  a  bridge  across  the  Republican  River,  to 
])roach.  construct  one  abutment  of  the  same  upon  land  included  within  the  mil- 

itary reservation  of  Fort  Riley,  and  also  to  penuit  the  eastern  approach 
Use  of  by  gov-  to  the  same  to  be  laid  out  across  said  reservation :  Provided^  That  such 
emment.  bridge  and  the  highway  leading  thereto  shall  always  be  open  to  govern- 

ment transportation  free  of  charge,  and  that  such  point  shall  be 
8elect4?d  for  the  constniction  of  said  abutment  and  approach  as  shall  be 
mutuallv  agreed  upon  by  said  county  commissioners  and  the  Secretary 
of  War. 

Approved,  April  20,  1878. 


April  30,  1878.    CHAP.  75. — An  act  to  provide  for  deficiencies  in  the  appropriations  for  the  servic-e  of 
the  government  for  tne  fiscal  year  ending  June  30,  1878,  and  for  prior  years,  for  sub- 
sistence of  the  Army,  and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Bepresentatives  of  the  United  States 

Deficiency  ap-  of  America  in  Congress  assembled.  That  the  following  sums  be,  and  the 

propriations.        same  are  hereby,  appropriated,  out  of  any  money  in  the  Treasury  not 

otherwise  appropriated,  for  the  objects  hereinafter  expressed,  namelv : 

*  «  #  #  #  #  #* 

Carp  in  ponds  in  To  complete  the  work  of  adapting  the  ponds  in  the  Monument  lot  in 
Monument  lot  the  city  of  Washington  to  the  culture  of  carp  for  distribution  through- 
out the  United  States,  to  be  done  by  the  engineer  in  charge  of  public 
buildings  and  grounds,  according  to  the  plans  of  the  United  States  Fish 
Conmiissiou,  two  thousand  two  hundred  dollars,  or  so  much  thereof  as 
may  be  necessary ;  to  be  available  immediately. 

Des  Moines     To  pay  the  current  expenses  of  operating  the  Des  Moines  Rapids 

Bapids  Canal.       Canal  on  the  Upper  Mississippi  River  until  July  first,  eighteen  hundred 

and  seventy-eight,  seven  thousand  five  hundred  dollars,  or  so  much 
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thereof  ms  may  be  necessary,  the  same  to  be  expended  under  the  direc- 
tion of  the  Secretary  of  War. 

ApproTed,  April  30,  1878. 


CHiP.  05.— An  act  makfaig  an  appropriation  for  pier-lights  at  the  entrance  of  the     ]l£ay  6,  1878. 

Jetties  in  the  Soath  Pass  of  the  Mississippi  River.  

Be  it  enacted  hif  the  Senate  and  House  of  Representatives  of  the  United  States 
•f  JsMrira  i»  Congress  assembled.  That  the  sum  of  ten  thousand  dollars    Appropriation ; 
ify  and  the  same  is  hereby,  appropriated,  out  of  any  monevs  in  the  pier -lights   at 
TreMury  not  otherwise  appropnated,  for  the  erection  and  maintenance  §2!??^^^°'^^*** 
of  pier  lights,  under  the  direction  of  the  Light-House  Board,  at  the  en-        ^^*     ^®'^* 
tnoce  of  the  jetties  in  the  South  Pass  of  the  Mississippi  River. 

Approved,  May  6,  1878. 


CHAP.  in. — An  act  making  farther  appropriations  for  oontinning  the  improvements     June  7,  1878. 

of  Galveston  Harbor,  State  of  Texas. 

Be  it  enacted  by  th4:  Senate  and  Rouse  of  Representatives  of  the  United  States 
»f  America  in  Congress  assembled,  That  the  sum  of  seventy-five  thousand  q^PPJJP™^": 
dollars  be,  and  the  same  is  hereby,  appropriated,  out  of  any  moneys  not  bor. 
odierwise  appropriated,  for  the  purpose  or  continuing  the  improvements 
of  Galveston  Harbor,  in  the  State  of  Texas ;  which  improvements  are 
BOW  being  prosecuted  under  the  direction  of  the  Secretary  of  War,  and 
the  appropriation  for  which  is  substantially  exhausted ;  and  that  the 
aid  nam  be  expended  under  his  direction. 

Approved,  June  7  1878. 


CSIP.  180. — An  act  providing  a  permanent  form  of  government  for  the  District  of    June  11  1878. 

Columbia.  ! 


Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States    District  of  Co- 
tf  America  in  Congress  assembledj        ♦  *  •  ♦  lombia  a  corpora- 

Sbc  2.  That  within  twenty  days  after  the  approval  of  this  act  the  **°°- 
President  of  the  United  States,  by  and  with  the  advice  and  consent  of   Commissioners. 
lie  Senate,  is  hereby  authorized  to  appoint  two  persons,  who,  with  an     Appohitment. 
offiter  of  the  Corps  of  Engineers  of  the  United  States  Army,  whose  lin- 
eal rank  shall  be  above  that  of  captain,  shall  be  Commissioners  of  the 
Dbtriet  of  Columbia,  and  who,  from  and  after  July  first,  eighteen  hun- 
dred and  seventy-eight,  shall  exercise  all  the  powers  and  authority  now    Powers. 
^tsied  in  the  Commissioners  of  said  District,  except  as  are  hereinafter 
limited  or  provide<l,  and  shall  be  subject  to  all  restrictions  and  limita- 
tioos  an<l  duties  which  are  now  imposed  upon  said  Commissioners.    The  ^^^^^^^     ™' 
CVttunissioner  who  shall  be  an  officer  detailed,  from  time  to  time,  from 
th*  Corps  of  En^neers,  by  the  President,  for  this  duty,  shall  not  be  re- 
qnifed  to  perform  any  other,  nor  shall  he  receive  any  other  compensa- 
tion than  his  re^lar  pay  and  allowances  as  an  officer  of  the  Army. 


Sic  5. 

9  •  «  «  •  •  * 


The  President  of  the  United  States  may  detail  from  the  Engineer  Corps    Assistants  to 
of  the  Army  not  more  than  two  officers,  of  rank  subordinate  to  that  of  Engineer    Com- 
tbf  engineer  oflicer  belonging  to  the  Board  of  Commissioners  of  said  mlssioner. 
District  to  act  as  assistants  to  said  Engineer  Commissioner,  in  the  dis- 
ehorge  of  the  special  duties  imposed  upon  him  by  the  provisions  of  this 


• 


.Approved,  Jane  11,  1878. 


CHAP.  UL^An  act  making  appropriations  to  supply  deficiencies  in  the  appropria-     Jnne  14,  1878. 

tku  far  the  fiscal  year  ending  Jnne  30,  1878,  and  prior  years,  and  for  those  hereto 

tan  tnated  as  permaoent,  for  reappropriations,  and  for  other  purposes. 

Be  it  enacts  by  the  Senate  and  House  of  Representatives  of  the  United  . 

Ststes  of  America  in  Congress  assembled,  That  the  following  sums  be,  and  „^2S^;^  •P' 
thej  are  hereby,  appropriated,  to  supply  deficiencies  in  the  appropna-  *^   *^ 
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tionB  for  the  service  of  the  government  for  the  fiscal  year  ending  Jm 
thirtieth,  eighteen  handred  and  seventy-eight,  and  for  former  years,  m 
for  other  purposes,  namely : 

Balances  carried     Sec.  2.  That  the  following  balances  of  appropriations,  carried  tot] 

to  Bnrplua  ftind  surplus  fund  under  the  provisions  of  the  fifth  section  of  the  act  approvi 

™i»74*c1l^8  '    J""®  twentieth,  eighteen  hundred  and  seventy-four,  being  required 

18  Stat.,  no!      complete  the  service  of  the  fiscal  year  eighteen  hundred  and  sevenf 

five,  and  prior  years,  are  hereby  continued  and  rendered  available  i 

such  purpose,  namely : 


WAR  DEPARTMENT. 

Survey  of  west-  For  examination  and  surveys  on  western  and  north-western  rive 
"^TATn^^'h^ 2fl^'    *^^^^^  ^^  reappropriated  from  the  balance  of  fifty  thousand  dollars s 

16  Stat!  30o'.  propriated  by  act  of  July  fifteenth,  eighteen  hundred  and  seventy,  t 
'      *     sum  of  three  hundred  and  thirty-four  dollars  and  forty  cents. 

Sea-coast  mor-  For  balance  of  one  hundred  thousand  dollars  appropriated  by  act 
**rjr2**^1S^7      "^^^y  tenth,  eighteen  hundred  and  seventy-two,  for  construction  of  » 

iTStat.!  377*.      o^ast  mortar-batteries,  three  hundred  and  one  dollars  and  fifty  cents 

AUuviai  basin  For  balance  of  twenty-five  thousand  dollars  appropriated  by  act 
of  Missisaipni.     June  twenty-second,  eignteen  hundred  and  seventy-four,  for  commiss 

\^i\  *?•  f ii'     to  investigate  and  rei)ort  plan  for  reclamation  of  alluvial  basin  of  3i 

18  Stat.,  199.         .     .       .  „•?  «        ,,'  J  J    n 

sissippi  River,  five  thousand  dollars. 

«##«««  ft 

Approved,  June  14,  1878. 


Jnne  15,  1878.     CHAP.  216. — An  a«t  to  authorize  the  Barataria  Ship  Canal  Company  to  construct 

operate  a  ship  canal  from  New  Orleans  to  the  Gull  of  Mexico,  through  the  lands 

waters  of  the  United  States,  and  to  grant  to  said  company  the  right  of  way  for 
purpose. 

Be  it  enacted  by  the  Senate  and  Howie  qf  Representatives  of  the  Un 

Barataria  Ship-  Stntes  of  America  in  Congress  assembled^  That  the  Barataria  Ship  Ca 
<  'anal  Company.  Company,  a  body  corporate  of  the  Stat€>  of  Louisiana,  created  by  an 

Right  of  way,  ^^f  ■^l^^^  legislature  of  said  State,  approved  April  twenty-fourth,  eight 
hundred  and  seventy-seven,  be,  and  the  same  is  hereby,  granted  the  ri 
of  way  through  the  lands  and  waters  of  the  United  States,  to  em 
said  company  to  construct  and  o])erate  a  ship-canal  from  a  point  a 
near  the  city  of  New  Orleans  to  the  Gulf  of  Mexico,  thnuigh  the  B; 
taria  Bay,  in  the  State  of  Louisiana,  with  power  and  authority  t^  < 
struct  and  maintain  all  nec^^ssary  harbors,  locks,  dams,  dikes,  levees, 

Proviso.  piers :  Provided,  The  same  shall  in  no  manner  interfere  with  or  at 

the  usual  and  ordinary  navigation  of  said  waters  where  they  are 
confined  either  by  piers  or  canal-banks  constructed  by  said  compj 

Proviso.  and  necessary  for  the  use  and  operation  of  said  canal:  And  pror 

further^  That  Bayou  Villars  shall  not  be  closed  V>y  said  canal  compa 

Rates  of  toll.  S?:c.  2.  That  in  the  transportation  of  military  (»r  naval  stores,  tro 
or  munitions  of  war  of  the  United  States,  such  rates  of  toll  only  shal 
charged  as  may  be  prescribed  by  the  SeciTtary  of  War;  and  that 
tolls  or  tonnage  charges  of  said  company  shall  not  exceed  one  dollai 
ton  on  the  toimage  measurement  of  any  vessel  for  the  round  trip  thn) 
said  canal,  or  half  said  sum  for  less  than  the  i*ound  trip ;  and  not  exc 
ing  twenty-five  cents  for  each  passenger  through  said  canal  either  v 

Proviso.  Provided,  That  vessels  of  five  tons  burden  and  less  shall  l>e  exempt  1 

tolls  for  the  ust>  of  said  canal  when  they  do  not  pass  through  the  k> 

Pi-oviso.  And  provided  further,  That  no  tolls  shall  be  charged  on  any  boats  or 

sels  na>igating  any  of  the  waters  on  the  line  of  said  canal,  which  ci 
have  been  navigated  by  such  vessels  had  such  canal  not  been  built 

Approved,  June  15,  1878. 


•lune  18,  1878.    CHAP.  263. — An  act  making  appropriations  for  the  support  of  the  Army  for  the 
year  ending  June  30.  1879,  and  for  otiier  purpose*. 

Be  it  enacted  by  the  ASenafe  and  House  of  Representatives  of  the  d 
Appropriations.  States  of  America  in  ConffreHs  assembled.  That  the  following  sums  be. 
Army.  the  same  are  hereby,  appropriated,  out  of  any  money  in  the  Trea. 
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[lerwiue  appropriated,  for  the  support  of  the  Amiy,  for  the  year 

Jane  tMrtietn,  eighteen  hundred  and  seventy-nine,  as  follows : 

•  •  *  »  »  »  » 

XEER  Department. — For  en^neer  depot  at  Willeta  Point,  New   En j^necr  depot. 
tamely:   For  purchase  of  en^neering  mat<erials  to  continue  the 
course  of  iustniction  of  the  engineer  battalion  in  field  engineer- 
9  thousand  dollars. 

Qcidental  expenses  of  the  depot,  remodeling  ponton-trains,  re- 
instrument's,  fuel,  forage,  stationery,  chemicals,  extra-duty  pay, 

inary  repairs,  four  thousand  dollars. 

»       "        •  #  #  #  #  h 

i  Allowance  of  or  commutation  for  fuel  to  commissioned  officers  Allowance  o  f 
y  prohibited ;  but  fuel  may  be  furnished  to  the  officers  of  the  ^»el  «nd  forage. 
y  the  Quartermaster's  Department,  for  the  actual  use  of  such 
only,  at  the  rat>e  of  three  dollars  per  cord  for  standard  oak  w^ood, 
equivalent  rate  for  other  kinds  of  fuel,  according  to  the  regu- 
Bow  in  existence ;  and  forage  in  kind  may  be  furnished  to  tiie 
of  the  Armv,  by  the  Quartermaster's  Department,  only  for  horses 
Kkd  actually  kept  by  such  officers  in  the  i>erf([)rmance  of  their 
uilitary  duties  when  on  duty  with  troops  in  the  field  or  at  such 

•  poAts  west  of  the  Mississippi  River,  as  may  be  from  time  to  time 
t-ed  by  the  Secretary  of  War,  and  not  otherwise  as  follows: 

e  General  five  horses ; 

e  Lieutenant  General  four  horses ; 

najor-general  three  horses ; 

irigadier-general,  three  horses; 

»lonel,  two  horses;  ] 

ieutenant-colonel,  two  horses ; 

najor,  two  horses; 

■aptain  (mounted),  two  horses; 

ieutenant  (mounted),  two  horses; 

adjutant,  two  horses; 
•egiraental  quartermaster,  two  horses. 

K  That  at  all  posts  and  stations  where  there  are  public  quarters    Quarters  in 
ig  to  the  United  States,  officers  may  be  furnished  with  cpiarters  ^^**- 
in  such  public  quarters,  and  not  elsewhere,  by  the  Quartermas- 
partment,  assigning  to  the  officers  of  each  grade,  respectively, 
ml>er  of  rooms  as  is  now  allowed  to  such  grade  by  the  rules  and 
ons  of  the  Army :  Provided,  That  at  places  where  thei"e  are  no     Proviso. 
[uart«rs,  commutation  therefor  may  be  paid  by  the  Pay  Depart-     Commutation. 

the  officer  entitled  to  the  same  at  a  rate  not  exceeding  ten  dol- 
Toom  y>er  month,  and  the  commutation  for  c|uarters  allowed  to 
eral  .shall  be  at  the  rate  of  one  hundred  and  twenty-five  dollars 
th,  and  to  the  Lieutenant  General  at  the  rate  of  seventy  dollars 

ith. 

»  «  «  «  ft  « 

13.  That  from  and  after  the  passage  of  this  act,  all  promotions    Promotions  and 

\rmy,   in  each  and  every  grade,  arm,  corps   and  department  "PI******^'**^"***' 

shall  cea.«ie ;  and  theriiafter  no  promotions  or  appointments  shall 

p  to  till  anv  vacancv  which  mav  occur,  or  be  created  therein, 

ter  such  rejiort  shall  be  made  and  acted  ui)on  by  Congress:  Pro-     Proviso. 

hat  this  limitation  shall  not  apply  to  the  line  of  the  Army  below 

c  of  captain. 

»  «  «  #  ft  « 

.ved,  June  18,  1878. 


W. — An  act  niakinff  appropriations  for  the  con.«<tniction,  repair,  preservation,     June  18,  1878. 
9pleti(m  of  certain  public  works  on  rivere  and  harbors,  and  for  other  pur- 

"ttof-fefl  htf  the  Senate  and  Houne  of  liepresen  tat  ires  of  the   United 
America  in  ConffrvMH  assnubled,  That  the  following  sums  of  money   A  j»prop 
are  hcrt»by,  apy^roin-iatcd,  to  be  paid  out  of  any  money  iu  the   ■^i»^*'»'!*  * 


propriatidiis. 
and  l:av- 


•  not  orher^vi.He  appnipriated,  to  be  expended,  under  the  diree- 

he  S^M-retary  of  War,  for  the  repair,  preservation,  construction, 

(ilefion  ot   the  public  works  hereinafter  named: 

iprc»ving   Clu^ster  River,  at  Kent  Island  Narrows,  Maryland,     Chester Riv«'i 

*ivf>and  dollars. 

proving  harbor  at  Baltimore,  Maryland,  seventy-five  thousand     BiUtimorc. 
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WioomlcoRiver.  For  improving  Wicomico  River,  Maryland,  five  thousand  dollars. 

Jamea River.  For  improving  James  River,  Virginia,  seventy  thousand  dollars. 

Appomattox  For  improving  Appomattox  River,  Virginia,  thirty  thousand  dollaa. 
River. 

Great  Kanawha  For  improving  Great  Kanawha  River,  West  Virginia,  two  hundred 
River.  and  twenty-two  thousand  dollars. 

New  River.  For  improving  New  River,  from  Lead  Mines  in  Wythe  County,  Vir- 

ginia, to  mouth  of  Greenbrier  River,  fifteen  thousand  dollars. 
Cape    Fear     For  improving  Cape  Fear  River,  North  Carolina,  one  hundred  and 
^^*"'-  sixty  thousand  dollars. 

Ocooqnan River.      For  improving  mouth  of  Occoquan  River,  Virginia:   Completing  th« 
improvement,  ten  thousand  dollars. 
Aqnia  Creek.        For  improving  Aquia  Creek,  Virginia :  Completing  the  improvement, 

five  thousand  dollars. 
Rappahannock     For  improving  the  Rappahannock  River,  Virginia,  thirteen  thouaand 
River.  flye  hundred  dollars. 

Elizabeth  River.      For  Improving  South  Branch  of  Elizabeth  River,  Virginia,  five  thoQ. 

sand  dollars. 
New  Caatle.  For  continuing  construction  of  ice  harbor  at  New  Castle,  Delaware, 

ten  thousand  dollars. 
Norfolk.  For  improving  harbor  at  Norfolk,  Virginia,  and  its  approaches,  fi% 

thousand  dollars. 
French   Broad     For  improving  French  Broad  River,  North -Carolina,  fifteen  thousand 
River.  dollars. 

Nansemon^d  For  improving  Nansemond  River,  Virginia:  Completing  the  improve- 
River.  ment,  two  thousand  dollars. 

Charleston.  For  impro\ing  harbor  at  Charleston,  South  Carolina,  two  hundred 

thousand  dollars. 
Savannah.  For  improving  harbor  at  Savannah,  Georgia,  seventy  thousand  dollan. 

Cedar  Keys.         For  improving  harbor  at  Cedar  Keys,  Florida,  twenty  thousand  dollan. 
Apalachicola     For  improving  Apalachicola  River,  Florida,  eight  thousand  dollars.    . 
River. 

Chattahoochee  For  improving  Chattahoochee  River,  Alabama  and  Georgia,  eighteen 
^^'^^'  thousand  dollars. 

Alabama  River.     For  improving  Alabama  River,  twenty-five  thousand  dollars. 
Saint  John's     For  deepening  the  bar  at  the  mouth  of  Saint  John's  River,  Florida, 
River.  ten  thousand  dollars. 

Port  Clinton.         For  Port  Clinton,  Ohio,  ten  thousand  dollars. 
Flint  River.  For  improving  Flint  River,  Georgia,  ten  thousand  dollars. 

Warrior  and  For  imnn)ving  the  Warrior  and  Tombigbee  Rivers,  Alabama  and  Mis- 
To  m  b  i  g  b  e egignlppi,  lorty  thousand  dollars;  of  which  sum  twenty-eight  thousand 
Rivers.  dollars  shall  be  expended  on  the  Warrior  and  Tombigbee  and  twelve 

thousand  dollars  on  the  Tombigbee  above  Columbus. 
Galveston  Bay.     For  improvement  of  ship  channel  in  Galveston  Bay,  Texas,  between 
1876  ch.  267,       Boliver  Channel  and  Red  Fish  Bar,  seventy-five  thousand  dollars;  and 
19  Stat.,  138.      ^]jg  appropriati(m  made  for  this  work  by  the  act  of  fourteenth  of  August, 
eighteen  hundred  and  seventy-six:,  is  hereby  made  available  for  the  samt 
part  of  said  channel. 
:Mississipui and     For  improving  Mississippi  and  Arkan.sas  Rivers:  Continuing  op«a^ 
Arkansas  Rivers,  tions,  removing  snags,  and  other  obstnictions,  one  hundred  and  ei^htj 

thousand  dollars;  of  which  sum  ten  thousand  dollars  shall  be  used  for 
removing  the  bar  in  the  Arkansas  River  at  Fort  Smith. 
Missouri  River.      ^^^  ^^^^  survey  of  the  Missouri  River  from  its  mouth  to  Sioux  City,, 
and  estimates  for  the  improvement  and  maintenance  of  its  navigation,; 
fifty  thousand  dollars. 
Missonrl  River.      For  the  improvement  of  the  Missouri  River :  Removal  of  snags,  wreck^ 

and  so  forth,  seventy  thousand  dollars. 
Galveston  Har-     For  improving  entrance  to  Galveston  Harbor,  Texas,  fifty  thousand 
bor.  dollars. 

Sabine  Pass.         ^^r  improving  Sabine  Pass,  Texas,  deepening  channel  at  the  entrance 

and  at  Blue  Buck  Bar,  thirty  thousand  dollars. 
Passo   Cavallo     For  improving  Passo  Cavallo  Inlet  into  Matagorda  Bay,  Texas,  twenty- 
Iidet  five  thousand  dollars. 

Ouachita  River.     For  improving  Ouachita  River,  Arkansas  and  Louisiana,  ten  thousand  > 

dollars. 
Yazoo  River.        For  improving  Yazoo  River,  Mississipju,  twenty-five  thousand  doUaiB. 
Red  River.  For  removing  raft  in  Red  River  and  closing  Tones  Bayou,  Louisiana, 

twenty-four  thousand  doUars. 
Cypress  Bayou.     For  improving  Cypress  Bayou,  Texas  and  Louisiana,  fifteen  thousand 
dollars. 
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knnnal  expense  of  gauging  the  waters  of  the  Lower  Mississppi     Lower  Idlssis- 
nd  its  tributaries:  Contiuiiiug  observations  of  the  rise  and  fall  "^PP*  River, 
■iver  and  it*  chief  tributaries,  as  required  by  joint  resohitiou  of 
nr  twenty-first,  eighteen  hundred  and  seventy-ono,  five  thousand 

nprovingWliite  and  Saint  Francis  Rivers,  Arkansas,  forty  thou-     White  and  St. 
liars.  FrancU  Rivers. 

nproving  the  Missouri  River,  opposite  or  near  Saint  Joseph,  Mis-   Misfloari  River. 

fty  thousand  dollars. 

nproving  mouth  of  Red  River,  Louisiana,  one  hundred  and  fifty    Red  River. 

id  dollars. , 

enioving  obstructions  in  Pocomoke  River,  Maryland,  ten  thou-     Pooomoke 

llar^  ^^«>^- 

le  improvement  of  the  Missouri  River  at  Council  Bluffs,  Iowa,    Miaaouri  River. 

laha,  Nebraska,  fifty  thousand  dollars. 

mproving  the  Missouri   River,   at  Nebraska  City,  Nebraska,    MiMouri  River- 

thousand  dollars. 

npro vement  of  L'Angnille  River,  Arkansas,  ten  thousand  dollars.     L '  A'n  g  u  i  1 1  e 

River. 

•moving  bar  in  Mississippi  River,  opposite  Dubuque,  Iowa,  ten     Mississippi 
id  dollars.  ^*^*'"- 

nproving  Rush  Chute  and  the  harbor  of  Burhngton,  Iowa,  ten    Burlington, 
id  dollars. 

nproving  harl>or  at  Fort  Madison,  Iowa,  eight  thousand  dollars.     Fort  Madison, 
nproving  Rock  Island  Rapids,  Mississippi  River,  thirty  thousand     Rock    Island 

Rapids. 

nproving  Illinois  River,  seventy-five  thousand  dollars.  Illinois  River. 

he  improvement  of  the  Mississippi  River,  between  the  mouths  of    Mississippi 

o  and  Illinois  Rivera,  two  hundred  and  forty  thousand  dollara ;  River. 

h  sum  twenty  thousand  dollars  shall  be  expended  between  tbe 

of  the  Illinois  and  Missouri  Rivera;  seventy-five  thousand  dol- 

conAtmcting  dam  at  Cahokia  Chute,  opposite  Saint  Louis;  forty 

id  dollars  between  the  foot  of  Dickey's  Island  and  the  mouth  of 

Lo  River;  and  ten  thousand  dollara  between  Islands  Numbere 

>n  and  Fifteen,  near  the  town  of  Kaskaskia,  Illinois. 

fmo\dng  snags  and  other  obstructions  from  Red  River,  Louisiana,     R«d  River. 

•five  thousand  dollars. 

ie  improvement  of  the  Missouri  River  above  the  mouth  of  the    Missouri  River. 

ctone,  thirty  thousand  dollara. 

tie  improvement  of  the  Mississippi  River:  Widening  and  deep-     Mississippi 

tie  channel  from  Saint  Paul  to  Des  Moines  Rapids,  two  hundred  Ri^er. 

y  thoiiAand  dollara. 

videning  and  deepening  the  channel  of  the  Mississippi  River    Mississippi 

frs  Moines  Rapids  to  the  month  of  the  Ohio,  one  hundre<l  thou-  Ri^'«r. 

dlars. 

be  improvement  of  Mobile  Harbor,  ten  thousand  dollara,  to  be     MobUe  Harbor. 

to  nmking  tests,  surveys,  and  borings  to  determine  whether  the 

mnel  now  leading  from  the  lower  anchorage  in  Mobile  Bay  can 

^ne^l  so  as  to  admit  vessels  drawing  twenty-two  feet,  or  any  less 

t  al*ove  thirteen  feet.,  to  the  Wharves  of  the  city  of  Mobile. 

be  impttivement  of  Cumberland  River  above  Nashville,  Tennes-     Camber  land 

;ty  thousand  dollara;   of  which  sum  twenty  thousand  dollara Riv®r. 

'  ex]»€»nded  between  Nashville  and  the  Kentucky  line ;  thence  to 

t  of  Smith's  Shoals,  eight  thousand  dollara;   and  for  Smith's 

thirty  thousand  dollara;  thence  to  the  falls  of  the  Cumlierlaud, 

Hisand  dollars. 

oapro vlnfiT  Minnesota  River,  ten  thousand  dollara.  Minnesota 

^  ^  '  River. 

mproving  Red  River  of  the  North,  Minnesota,  thirty  thousand    Red  River. 

nproving  Tennessee  River:  Continuing  operations  above  Chat-     Tennessee 
i,  fifteen  thousand  dollara;  continuing  operations  l>elow  Chatta-  River. 
Deluding  Muscle  Shoals,  three  hundred  thousand  dollara ;  fifteen 
d  dollars  of  which  sum,  or  so  much  thereof  as  may  be  necessarj^ 
pended  in  the  improvement  of  Duck  River  Shoals,  on  Tennes- 

?r. 

iproving  Cumberland  River,  below  Nashville,  Tennessee,  forty-    Camber  land 
fisand  dollars.  River. 

iprovinjEf  Coo»a  River,  between  Rt>me,  Georgia,  and  the  Selraa,     Coosa  River, 
od  Dalton    Railroad  bridge,  Alabama,  seventy-five  thousand 
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Hiawassee     For  improving  Hiawansee  River,  Tennessee,  ten  thousand  dollars. 

Ocmalgee     For  improving  Ocmulgee  River,  Georgia,  fifteen  thousand  dollars. 
River. 

Oostcnaala  and     For  impro\'ing  Oostenanla  and  Coosawattee  Rivera,  Georgia,  fom 

Coosawattee  thousand  dollara. 
Riveni. 

Little  Kanawha      For  improving  Little  Kanawha  River,  West  Virginia,  eighteen  thoti 
Ri^'^r.  sand  dollars. 

Waba«h  River-      For  impn^^nng  Wabash  River,  Indiana,  fifty  thousand  dollars. 

Saperior  Bay.  For  dredging  Superior  Bay,  Wisconsin :  Improving  natuml  entranci 
to  8ui>erior  Bay,  three  thousand  dollars ;  eontinuing  improvement  o 
the  harbor  of  Duluth,  thirty  thousand  doUare. 

Ontonagon.  For  improving   harl>or   at  Ontonagon,  Michigan,   fifteen   thonsaiH 

dollare. 

Eagle  Harbor.       For  improving  Eagle  Harbor,  Michigan,  eight  thousand  dollars. 

Marqnette.  For  inipmving  harlmr  at  Manpiette,  Michigan,  two  thousand  dollars. 

Menomonee.  For  inipn>viug  harbor  at  Meiiomonee,  Wis<'onsin,  ten  thousand  dol- 

lars. 

Green  Bay.  For  improving  harbor  at  Green  Bay,  Wisconsin,  five  thousand  dollare. 

Sturgeon  Bay.       For  improving  harl>or  of  refuge,  entrance  at  Sturgeon   Bay  Canal, 
thirty  thousand  dollara. 

Ahnapee.  For  improving  harlK>r  at  Ahnapee,  Wisconsin,  eight  thrnisand  dollara. 

Two  Rivers.  For  improving  harbor  at  Two  Rivers,  Wisconsin,  ten  thousand  dol- 

lars. 

Manitowoc.  For  improving  harbor  at   Manitowoc,  Wisconsin,  fifteen  thonsanil 

dollara. 

Sheboygan.  For  improWng  harbor  at  Sheboygan,  Wisconsin,  four  thousand  dol- 

lara. 

Port  Waabing-      For  improving  harbor  at  Port  Washington,  Wisconsin,  five  thousawl 
ton.  dollara. 

MiARiHHippi      Fc»r  improving  the  Mississippi  River  from  the  bridge  of  the  Chicago, 
River.  Milwaukee  and  Saint  Paul  Railroad  Company  above  La  Crosse.  Wiscon- 

sin, to  the  mouth  of  Root  River,  l3elow  said  city,  twelve  thousand  tivt 
hundred  dollara. 

Ohio  River.  For  im]»roving  and  deepening  the  channel  of  the  Ohio  River,  inclnd- 

ing  the  removal  of  snags,  wrecks,  and  so  forth,  from  Pittsburgh  to  iti 
mouth,  three  hundred  thoiLsand  dollara;  of  which  sum  fifty  thousand 
dollara  shall  be  ex]»ended  at  Grand  Chain  for  removal  of  obstructions 
and  dee]>ening  the  channel  at  that  point. 

Cincinnati.  For  the  construction  of  a  harbor  or  harbora  of  refuge,  at  or  near  Cin 

cinnati,  to  prr»tect  the  commerce  of  the  Ohio  River  from  flfK's  of  ict*. 
fifty  thousand  dollara,  to  be  expended  under  the  direction  and  contro 
of  the  Engineer  Corps  of  the  Army. 

New  Orleans.  For  improvement  of  the  harbor  at  New  Orleans,  Louisiana,  includiuj 
cost  of  surveys  and  estimates  fifty  thousand  dollara. 

M  o n o n ^ahela      For  the  improvement  of  Monongahela  River,  West  Virginia  and  Penn 
River.  sylvania,  to  be  expended  in  comjdeting  lock  and  dam  at  Hoanl's  R<M!ks 

twenty-five  thousand  dollara. 

Michigan  City.  F(»r  the  improvement  of  harbor  at  Michigan  City,  Indiana,  seventy 
five  thousand  dollars;  of  which  sum  twenty-five  thonsand  dollara  »hi\\ 
be  expended  for  the  improvement  of  the  inner  harbor. 

Bath.  For  the  improveuumt  of  Gut  opposite  Bath,  Maine,  seventeen  th(»n 

sand  dollara. 

Waddington      For  the  imi)n>vement  of  Waddington  Harbor,  New  York,  five  thon 
Harbor.  f,j„,<i  dollara. 

Oakland    Har-      For  the  improvenuMit  of  Oakland  Harbor,  California,  eighty  thousan 
l>or.  dollai^s;  but  this  sum  shall  not  be  available  until  the  right  <»f  the  Unite 

States  to  the  bed  of  the  estuary  and  training  walls  of  this  work  is  s< 
cured,  free  of  expense  to  the  government,  in  a  manner  satisfactory*  t 
the  Secretarv  of  War. 

m 

Mihvankoe.  For  inipmving  harbor  at  Milwaukee,  Wisconsin,  fifteen  thonsand  dol 

lare. 
Rariiie.  For  improving  harbor  at  Racine,  Wisconsin,  ten  tlionsaml  dollara. 

KciioHha.  For  inii>roving  harbor  at  Kenosha,   Wisconsin,  eight  tluuisand  dol 

lara. 
BrazosSaiitiago.      For  removing  wrecks  and  other  obstructions  to  navigation  at  Brazo 

Santiago,  Texas,  six  thousand  dollara. 
Fox  and  Wis-     For  ini]iroving  Fox  and  Wisconsin   Rivers,  two  hutitlred  and  fifr> 
< on-^in  Kivers.      tliousaud  dollars. 
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nproTinp  harbor  at  Chicago.  Illinois :  Extending  breakwater  Chicago. 
Iffing  channel,  seventy-five  tliousand  dollars. 

iproviug  harbor  at  Calnmet,  Illinois,  fifteen  thousand  dollars.  Calumet. 

ujm»ving  harbor  at  Charlevoix,  Michigan,  twelve  thousand  Charlevoix. 

iproving  harbor  at  Frankfort,  Michigan,  eight  thotisand  eight    Frankfort. 

dollarn. 

Iproving  harbor  at  Manistee,  Michigan,  fifteen  thousand  dol-    Kaniatee. 

l>n>ving  harbor  at  Ludington,  Michigan,  fifteen  thousand  dol-    Ludlngton. 

proving  harbor  at  Pentwater,  Michif^an,  ten  thousand  dollars.     Pentwater. 

iproving  harbor  at  White  River  Michigan,  twelve  thousand    White  Biver 

Harbor. 

iproving  harbor  at  Grand  Haven,  Michigan,  fifteen  thousand    Grand  Haven. 

proving  harbor  at  Black  Lake,  Michigan,  ten  thousand  dol-    Black  Lake. 

proving  harbor  at  Saugatuck,  Michigan,  two  thousand  five    Saugatack. 
dollars. 

moving  obstructions  in  Bayou  La  Fonrches,  Louisiana,  ten    Bayon  La  Four- 
dollars.  ^^*'»' 
prov-ing  harbor  at  South  Haven,  Michigan,  twelve  thousand    South  Haven. 

prt»ving  Harbor  at  Saint  Joseph,  Michigan,  twelve  thousand     Saint  Joseph. 

proving  Saint  Mary's  River  and  Saint  Mary's  Falls  Canal,     Saint     Mar>'« 
I,  one  hundred  and  seventy-five  thousand  dollars.  Biver,  etc. 

prr>ving  Harbor  of  Refuge,  Lake  Huron,  Michigan,  one  hun-    Harbor  of  Bef- 
L«iand  dollars.  uge,  Lake  Huron. 

proving  Saint  Clair  River  at  mouth  of  Black  River,  Michigan,     Sai  n  t     Clair 
iand  five  hundred  dollars.  Biver. 

jiroving  Detroit  River,  Michigan,  one  hundred  thousand  dol-     Detroit  Biver. 

jroviug  Saint  Clair  Flats,  Michigan,  five  thousand  dollai-s.  Saint  Clair 

iroving  Saginaw  River,  Michigan,  twenty-five  thousand  dol-    Saginaw  Biver. 

proving  harbor  at  Cheboygan,  Michigan,  eight  thousand  dol-     Cheboygan. 

proving  harbor  at  Monroe,  Michigan,  two  thonsand  five  hun-     Monroe. 

•roving  harbor  at  Toledo,  Ohio,  fifty  thonsand  dollars.  Toledo. 

improvement  of  Guyandotte  River,  West  Virginia,  two  thou-  Guyandotte 
irs.  Biver. 

improvement  of  the  Raritan  River,  New  Jersey,  two  hundred    Baritan  Biver. 

dollars. 

'  inipn>vement  of  Blackwater  River,  Virginia,  five  thousand    Blackwater 
^  »  »         »  Biver. 

improvement  of  the  Hampton  River,  Virginia,  ten  thousand   Hampton  Biver. 

improvement  of  Chickahominy  River,  Virginia,  five  thousand    Chickahominy 

Biver. 

improvement  of  the  Narrows  above  Orange,  on  the  Sabine     Sabine  Biver. 
xas,  and  dee{>ening  the  channel  at  the  mouth  of  said  river, 
and  dollars. 

pening  the  channel  at  the  mouth  of  the  Trinity  River,  Texas,     Trinity  Biver. 
ring  olwtmctions  to  Liberty,  ten  thousand  dollars. 

|>«-ning  the  channel  at  the  mouth  of  the  Neelies  River,  Texas,     Neehes  Biver. 
ring  obstrni'tions  to  Beaumont,  eight  thousand  dolUii"s. 

proving    Pascagonla  River,   Mi8si.saii)pi,    and  deejiening  the     Paacagoula 
t  it.s  mouth,  ten  thousand  dollars.  Biver. 

irapn>V€Mnent  of  the  harbor  and  the  Mississippi  River  at  Mem-     MemphiB. 
ri**s»«H%  forty-six  thonsand  dollars. 
improvement  of  Elk  River,  West  Virginia,  five  thonsand  dol-     Elk  Biver. 

•roving  harbor  at  Sandu-sky  City,  Ohio,  twenty  thousand  dol-     Sandusky  Cit 

•roving  harlK>r  at  Huron,  Ohio,  cme  thousand  dollars.  Huron, 

•roving  harlx>r  at  Vermillion,  Ohio,  four  thousand  dollars.  Vermillion. 
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Fairport 

AsbtAbnla. 
Erie. 

Baflklo. 
OakOrchATd. 

Charlotte. 
Pnltneyville. 


Cleveland.  For  breakwater  at  Cleveland,  Ohio,  and  repairs  of  harbor,  one  1 

dred  thousand  dollars. 

For  improving  harbor  at  Fairport,  mouth  of  Grand  River,  Ohio, 

thousand  dollars. 

For  improving  harbor  at  Asht-abula,  Ohio,  twelve  thousand  dolla 

For  improving  harbor  at  Erie,  Pennsylvania,  twenty-five  thoa 

dollars. 

For  improving  harbor  at  Buffalo,  New  York,  eighty  thousand  do] 

For  improving  harbor  at  Oak  Orchard,  New  York,  two  thousand 

lars. 

For  improving  harbor  at  Charlotte,  New  York,  one  thousand  doll 

For  improving  harbor  at  Pnltneyville,  New  York,  five  thousand 

lars. 

Great   Sodas     For  improving  harbor  at  Great  Sodus  Bay,  New  York,  five  thou 

Bay.  dollars. 

Little  Sodas     For  improWng  harbor  at  Little  Sodus  Bay,  New  York,  ten  thou 

Bay  dollars. 

Oswego.  For  improving  harbor  at  Oswego,  New  York,  ninety  thousand  do 

Wilmington.         For  breakwater  at  Wilmington,  California,  twenty  thounand  do! 

Sacramento  and     For  improving  Sacramento  and  Feather  Rivers,  Califoruia,   ti: 

Feather  Rivera,    thousand  dollars. 

Lower    Willa-     For  improving  Lower  Willamette  and  Columbia  Rivers,  from 

mettoandColum-  land,  Oregon,  to  the  sea,  thirty  thousand  dollars, 
bia  Rivera.  707  j  ^ 

Upper  Willa-     For  improving  Upper  Willamette  River,  Oregon,  twenty  thousaof 
mette  River.         lars. 

Ujmer  Colnm-     For  improving  Upper  Columbia  River,  including  Snake  River,  t\< 
bia  River.  thousand  dollars. 

Cascades,    Co-     For  constructing  a  canal  around  the  Cascades  of  Columbia  Rivei 
Inmbia  River.       hundred  and  fifty  thousand  dollars. 

Big  Sandy  RIv-     For  the  improvement  of  Big  Sandy  River,  from  Catlettsburg, 
«r.  tucky,  to  the  head  of  navigation,  twelve  thousand  dollars. 

ColnmbiaRiver.  For  the  improvement  of  the  mouth  of  the  Columbia  River,  Op 
five  thousand  dollars,  the  same  or  so  much  thereof  as  may  bo  l 
sary  to  be  expended  under  the  direction  of  the  Secretary  of  Wi 
making  a  thorough  survey  of  the  bar  at  the  mouth  of  said  rivei 
in  the  preparation  of  a  plan  and  estimates  for  its  permanent  imp 
ment ;  any  balance  to  be  used  in  the  temporary  improvement  of 
bar. 

For  repairs  of  ice-harbor  at  Chester,  Pennsylvania,  three  thoi 
four  hundred  dollars. 

For  the  improvement  of  the  Oconee  River,  Georgia,  ten  thoi] 
dollars ;  of  which  sum  eight  thousand  dollars  shall  be  expended  bet 
Dublin  and  the  Central  Railroad  bridge,  and  two  thousand  doUai 
tween  Dublin  and  Ocmulgee  River. 

For  the  improvement?  of  Galena  River,  Illinois,  making  a  chani 
one  hundred  feet  width,  and  the  improvement,  01  the  harbor  of  Ga 
thirty  thousand  dollars. 

For  the  improvement  of  the  Mississippi  River  at  and  near  Vicksl 
Mississippi,  and  nrotection  of  harbor  at  Vicksburg,  Mississippi  eij 
four  thousand  dollars. 

For  improving  the  channel  of  Salem  River,  New  Jersey,  and  re 
ing  obstructions  in  the  Delaware  River  at  the  mouth  of  Salem  B 
three  thousand  dollars. 

For  improving  the  Missouri  River  at  Omaha  City,  Nebraska,  t 
thousand  dollars. 
Croix     For  the  improvement  of  the  Saint  Croix  River,  Wisconsin,  ten  1 
sand  dollars. 

C  h  i  p  p  e  w  a     For  completing  and  protecting  wing  dams  and  jetties  now  in  C( 
River.  ^f  construction  upon  the  Chippewa  River  in  Wisconsin  in  and  nei 

mouth  and  below  the  lower  point  of  Beef  Island,  ten  thousand  do] 
Proviao.  Provided j  That  nothing  herein  shall  be  construed,  nor  shall  any  ex] 

iture  of  this  appropriation  be  made,  so  as  to  aflect  exiHting  leg 
equitable  rights  in  or  upon  the  said  Chippewa  River  or  it^  bran 
whether  such  rights  arise  under  the  laws  of  the  Unit<jd  States  oi 
Stato  of  Wisconsin. 
Miaaoori  River.     For  the  improvement  of  the  Missouri  River  at  At^ihison,   Ka 

twentv  thousand  dollars. 
Missouri  River.     For  the  improvement  of  the  Missouri  River  at  Eastport,  Iowa, 
Nebraska  City,  Nebraska,  twenty  thousand  dollars. 


Chester. 


Oconee  River. 


Ghilena  River. 


Vicksburg. 


Salem  River. 


Missouri  River. 


Saint 
•    River. 
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improvement  of  the  Osage  River  in  Missouri  and  Kansas,     Osage  River. 
>ii8and  dollars. 

improvement  of  the  Missotiri  River  at  or  near  Fort  Leavan-  MiMomi  lUver 
oaas,  twenty-five  thousand  dollars. 

poving  the  Missouri  River  at  Sioux  City,  Iowa,  twelve  thou-  Hissouri  River, 
lundred  dollars. 

.mprovement  of  the  Neuse  River,  North  Carolina,  forty  thou-    Nease  River. 
rs. 
mprovement  of  the  harbor,  including  survey  and  estimate  for    Pensaoola. 

Tvrecks  at  Pensacola,  Florida,  twenty  thousand  dollars, 
mprovement  of  Currituck  Sound  and  North  River  Bar,  North    Currituck 
wenty  thousand  dollars.  Sound. 

improvement  of  Scuppemong  River,   North  Carolina,  two     Scuppernong 
loUars.  ^ver. 

mprovement  of  Edeuton  Harbor,  North  Carolina,  four  thou-  Edeuton  Har- 
rs.  bor. 

pleting  the  improvement  of  Black  River  Harbor,  Ohio,  one    Black    River 

lollars.  Harbor. 

improvement  of  the  harbor  at  New  Haven,  Connecticut,     New  Haven. 

e  thousand  dollars. 

improvement  of  the  harbor  at  Darien,  Georgia,  eight  thou-    Darien. 

rs. 

inuing  the  improvement  of  Penobscot  River,  Maine,  twelve    P<^nob8cot 

lollars ;  of  which  sum  two  thousand  five  hundred  dollars,  or  l^i^er. 

lereof  as  may  be  necessary,  shall  be  expended  at  or  near  the 

1  said  river  at  Bucksport. 

improvement  of  the  harbor  at  Bridgeport,  Connecticut,  ten    Bridgeport 

rlollars ;  of  which  sum  not  less  than  one-half  shall  be  ex- 

tween  the  lower  bridge  and  the  horse-railroad  bridge. 

improvement  of  Harlem  River,  New  York,  three  hundred     Harlem  River. 

lollars ;  but  this  sum  is  not  to  be  available  until  the  right  of 

is  work  is  secured  to  the  United  States  free  of  cost. 

roving  harbor  at  Belfast,  Maine,  twelve  thousand  dollars.  Belfast. 

roving  Richmond  Island  Harbor,  Maine,  six  thousand  dollars.     Richmond  lal- 

and  Harbor. 

poving  Cochejco  River,  New  Hampshire,  six  thousand  dollars.     Cocheco  River. 

roving  Merrimac  River,  Massachusetts,  below  MitcheU's  Falls,     Merrimac  Rlv. 

kud  dollars.  er. 

•roving  harbor  at  Boston,  Massachusetts,  fifty-five  thousand    Boston. 

•roving   harbor  at  Plymouth,  Massachusetts,  five  thousand    pij-mouth. 

roving  harbor  at  Provincetown,  Massachusetts,  one  thousand    Provincetown. 

»Toving  harbor  at  Hyannis,   Massachusetts,  three  thousand    Hyannis. 

roving  Taunton  River,  Massachusetts,  two  thousand  dollars.  Taunton  River. 
roving  Providence  River,  Rhode  Island ;  Removing  Bulkhead    Providence 

thousand  dollars.  l^*v«r. 

roving  Little  Narragansett  Bay,  Rhode  Island  and  Connecti-  Little  Narra- 
lousand  dollars.  gansett  Bay. 

proving  Providence  River  and  Narragansett  Bay,  fifty  thou-  Providence 
in.  River, 

improvement  of  Echo  IJarbor,  New  RocheUe,  New  York,  ten    Echo  Harbor, 
dollars. 

improvement  of  Staten  Island  Sound,  between  New  Jersey    staten    Island 
n  Island,  fifteen  thousand  dollars.  Sound. 

iroving  the  harbor  of  Breton  Bay,  Leonardtown,  Maryland,     Breton  Bay. 
and  dollars. 

n>ving  the  inner  harbor  at  Cambridge,  Maryland,  five  thou-    Cambridge. 
m. 

roving  the  harbors  and  channels  at  Washington  and  George-  Washington 
trict  of  Columbia,  fifty  thousand  dollars;  of  which  sum  twenty  and  Georgetown. 
lollars  is  to  be  expended  in  Washington  harbor  and  channel 

Long  Bridge,  and  thirty  thousand  dollars  to  be  expended  in 

n  harbor  and  channel. 

proving  Connecticut   River,   below    Hartford,   Connecticut,     Connecticut 

isand  dollars;  of  which  sum  five  thousand  dollars  shall  be  l^i^er. 

edging  the  river  between  Hartford  and  Middletown ;  and  two 

loUars  for  improving  the  mouth  of  Salmon  River  in  the  town 

iddom. 
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Stonington.  For  impro>ang  harbor  at  Stoniugton,  Connecticut,  forty  thoufi 

dollars. 

Thames  River.     For  improving  Thames  River,  Connecticut^  ten  thousand  dollars. 

Milford.  For  imjiroving  harbor  at  Milford  Connecticut,  t«n  thousand  doll 

Uousatonic     For  improving  Housatonic  River,  Connecticut,  five  thousand  doU 
River. 

Xorwalk.  For  improving  harbor  at  Norwalk,  Connecticut,  six  thousand  doll 

Port  Jefferson.     For  improving  harbor  at  Port  Jeflferson,  Long  Island  Sound,  1 

York,  eight  thousand  dollars. 
Hiulson  River.      For  improving  Hudson  River,  New  York,  seventy  thousand  dollai 
Hell  Gate.  For  removing  obstructions  in  Ea«t  River  and  Hell  Gate,  New  Y 

three  hundred  and  fifty  thousand  dollars. 

Passaic  River.       For  impro\"iug  Passaic  River,  New  Jersey,  ten  thousand  dollars. 

East   Chester     For  improving  Eust  Chester  Creek,  New  York,  ten  thousand  doU 
Crei»k. 

Roudoiit.  For  improving  harbor  at  Rondout,  New  York,  thirty  thousand  doll 

Burlington.  For  improving  harbor  at  Burlington,  Vermont,  twenty  thousand 

lars. 
Swanton.  For  improving  harbor  at  Swanton,  Vermont,  twenty  thousand  doU 

Otter  Creek.         For  impro\ing  Otter  Creek,  Vermont,  eight  thousand  dollars. 
Lewes.  For  constructing  piers  in  Delaware  Bay,  near  Le we«,  Delaware,  twt 

thousand  dollars. 
Wilnimgton.         For  improving  harbor  at  Wilmington,  Delaware,  seven  thousand 

lars. 
Schuylkill  Riv-     For  improving  Schuylkill  River,  Pennsylvania,  thirty  thousand 
fr.  lars. 

Delaware  River.      For  improving  Delaware  River,  below  Bridesburg,  one  hundred  t 

sand  dollars. 
Delaware  River.      For  improving  Delaware  river,  between  Trenton  and  Whit<j  HUl, 

Jersey^  ten  thousand  dollars. 
Shrewsbury     For  impro\ing  north  and  south  branches  of  Shrewsbury  River, 
River.  Jersey,  eighteen  thousand  dollars. 

Cohansey  Creek      For  improving  Cohansey  Creek,  New  Jersey,  five  thousand  dolla 
Des  Moiues     For  improving  Des  Moines  Rapids,  and  operating  the  canal,  nh 
Rapids.  jiy(>  thousand  dollars. 

U^per  Missis-     For  improving  Upper  Mississippi  River,  from  the  mouth  of  the 
sippi  River.  uois :  Removal  of  snags  and  obstructions,  forty-one  thousand  five 

dred  dollars. 
South  Pass.  For  continuing  surveys  and  examinations  at  the  South  Pass  o 

Mississippi  River,  fifteen  thousand  doUara. 
Use    and    ex-      It  shall  be  the  duty  of  the  Secretary  of  War  to  apply  the  m 

Sv!^«,l?#T,^^  *^'^<^reiu  approimated  for  improvements,   other  than  survevs  and 

propiiauous.  .         •  .  j  i  .  i-i  a        a         I'l.ji 

^  mates,  m  carrying  on  the  various  works  by  contract  or  by  hired  h 

at  his  discretion,  and  as  in  his  judgment  may  be  most  advautageo 

the  government ;  and,  where  said  works  are  done  by  contract,  such 

tracts  shall  be  made  after  sufticieut  public  advertisement  for  ]>rop 

in  such  manner  and  form  as  the  Secretary  of  War  shall  prescribe ; 

such  contracts  shall  be  made  with  the  lowest  re^iponsible  bidders  t 

for.  accompanied  by  such  securities  as  the  Secretary  of  War  sha 

quire. 

Surveys      and      Skc.  2.  That  the  Secretary  of  War  is  hereby  directed  at  his  diser 
examinations.       f^  cause  examinations  or  surveys,  or  both,  and  estimates  of  cost  o 
pniveinents  proper  to  be  made  at  the  fcdlowing  points,  namely: 

Portsmouth.         Portsmouth  Harbor,  New  Hampshire; 

Red  River  Falls.      For  improving  the  navigation  at  the  Falls  on  Red  River  near  AU 

dria,  Louisiana; 

M  i  s  p  i  1 1  i  o  n     The  Mispilliou  Creek,  Delaware ; 
Creek. 

Cape  Foul-     Cai>e  Foul  weather,  Oregon,  to  ascertain  its  adaptability  as  a  hi 
weather.  of  refuge ; 

Coos  Bay.  The  entrance  of  Coos  Bay; 

Conecuh,  etc.,     The  Conecuh,  Patsaligo,  and  Escambia  Rivera,  Alabama; 
Rivers. 

Yatlkin River.       The  Yadkin,  North  Carolina,  between  the  bridge  on  the  North  < 

Una  RwilrojMl  and  Wilkesborough; 
Flushing  Bay.       Flushing  Bay,  New  York; 
Thames  River.      The  Thames  River  Connecticut; 

Big  Sunflower.      The  Big  Sunfi(»wer,  Chickasahoy,  Tallahatchie,  Cold  Water,  P 
ete.,  rivers.  and  Pascaj^oula,  Mississippi;  and  the  expenses  of  survey  of  the  P 

goula  shall  be  defrayed  out  of  the  sum  herein  aijpropriated  for  th< 

provement  thereof; 
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1  Landing  River,  Virginia ;  North  Landing;: 

cock  Harbor,  Virginia;  Anancock Har- 

bor. 

kilem  River,  New  Jersey,  between  Sharpstown  and  Delaware    Salem  River. 

uwannee  River,  Florida ;  Suwannee  Riv- 

er. 

aloosahatchie  River,  Florida ;  Calooitahatehie 

River. 

«ppi  River  at  and  above  the  city  of  Alexandria,  Missouri ;  Mississippi 

River, 
oath  of  Hillsborough  River  and  Tampa  Bay,  Florida;  Hillsboi-ouph 

River, 
s  Fork  and  Obey 'a  Rivers,  Tennessee ;  Cancy's    Fork 

and  Obe  y's  River 
Bartholomew,  Arkansas;  bayou Bartliol- 

omew. 

Red  River,  from  the  raft  up  to  the  Missouri,  Kansas  and  Texas    upper   R  e  <l 
bridge ;  and  also  the  Brazos  River  in  Texas  from  eight  miles  River. 
I  mouth,  down  through  its  uiouth  to  the  outer  edge  of  the  bar     Brazos  River, 
ilf  of  Mexico. 

s  Pass  and  Bay,  up  to  Rookport  and  Coii)US  Christi,  Texas ;     Aransas  Pass. 
MIS  Cbristi  Pass  and  Channel ; 

River,  Arkansas ;  Little  River. 

River,  Arkansas ;  Saline  River. 

iT  at  the  mouth  of  Brazos  River,  Texas,  including  a  report  upon     Brazos  River, 
city  of  the  harl>or  at  the  mouth  of  the  Brazos,  and  its  adapta- 
a  harlwr  of  refuge  and  uaval  station ; 

Lssouri  River  at  Cedar  City,  in  Callaway  County,  Missouri ;  Missouri  River, 

ri  River  at  the  city  of  St.  Charles,  Missouri ; 

•  Stone  River;  Yellow  Stone 

'  River. 

jttoway  River,  Virginia;  Nottoway  River. 

a.st  of  Long  Island,  New  York,  between  Coney  Island  Point    Long    Island 

liaway  Inlet,  in  New  York  Bay ;  coast. 

»head  Bay,  New  York:  SheepsheaflBay. 

de  Bay,  New  York ;  Canar^ie  Bay. 

tiattahoochee  River,  Georgia,  alK)ve  Columbus ;  Chattahoochee 

River. 

lint  River,  Georgia,  from  Albany  to  Montezuma ;  Flint  River. 

towab  River,  Georgia ;  Etow.ih  River. 

ivanuah  River,  above  Augusta,  Greorgia;  Savannah  River. 

onche  La  Fave  in  Arkansas;  FoncheLaFave. 

irbor  of  San  Luis  Obispo,  California,  with  a  view  to  the  prac-  San  Luis  Obispo. 
y  of  building  breakwater ; 

%t\HtT  of  San  Buenaventura,  California,  with  a  \aow  to  the    San  Buenaven- 
bility  of  building  breakwater;  tura. 

ir\*oT  of  Santa  Barbara,  California,  with  a  view  to  the  practi-     Santa  Barbara. 
of  building  breakwater; 

L!!Lsis8ippi  River,  to  ascertain  the  practicability,  cost,  and  utility    St.  Louis  dike. 
?  fn>m  Bloody  Island,  opposite  the  city  of  Saint  Louis,  Missouri, 
the  dike  or  dam  opx)osite  Brooklyn,  on  the  Illinois  shore ; 

rey  and  estimate  of  the  damages,  if  any,  done,  or  to  be  done.     Damages    at 
lan  oTvners  of  lands,  and  improvements  thereon,  at  or  in  front  Venice. 
own  of  Venice,  Illinois,  near  Saint  Louis,  Mis.souri,  by  reason 
mment  improvements  made,  or  to  be  made,  at  or  near  said  town 
ire; 

tiver,  Virginia,  from  Clarksville,  via  Danville,  Virginia,  to  Dan-    Dan  River. 
>rth  Carolina ; 

ton  River,  from  Roanoke  Depot,  in  Charlotte  County,  Virginia,    Staunton  River 
:neal,  in  the  county  of  Campbell,  Virginia ; 

Hver,  from  the  Lead  Mines  in  Wythe  County  to  the  mouth  of    New  River. 
n  Grayson  County,  Virginia; 

arbor  at  Quincy ,  Illinois ;  Quiney. 

Riyou,  Bayous   Pierre  and  Wincey  and  Lakes  Bayou  Pierre    Tones    Bayou, 
nasanier,  Louisiana ;  ®*®- 

te  Harbor,  Massachusetts,  with  a  view  to  its  adaptability  as  a  •  Scituate. 
f  refuge ; 

Mhoe  River,  Louisiana;  Tongapahoe 

^  '  River. 

tiver,  fiom  Lake  Boygan  to  Red  River,  Wisconsin ;  Wolf  River. 

2e 
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Arkansas  River.     The  Arkansas  River,  from  Fort  Smith,  Arkansas,  to  the  month  ( 

Little  Arkansas; 

Wood  bridge     Woodbridge  Creek,  Middlesex  County,  New  Jersey; 
Crt-ek. 

Elizabeth  River.     Elizjibeth  River,  New  Jersey; 
Rah  way  River.      Railway  River,  New  Jersey; 

Charles  River.      Charles  River,  Massaehusetts,  to  the  head  of  tide-water; 
Manasqnan     Mana^iciuau  River  New  Jersey ; 
River. 
White  River.        White  River,  Indiana,  ineluding  the  East  Fork  to  the  new  bridj^e 
course  of  construction  near  Bedford,  and  the  West  Fork  to  the  towu 
GoHport ; 
Portage  Lake.       Portaj^e  Lake,  Manistee  County,  Michigan,  with  a  view  to  its  adapl 

bility  as  a  harbor  of  refuge; 
WeHtport.  We.sti)ort  Harbor,  Mjissachusetts ; 

Woo<l'8  Holl.         WocmI's  HoH,  Ma.ssiK*hus<'tts ; 
Teedee  River.       Peedee  River,  from  CheraAv,  South  Carolina,  to  the  month  of  Uwba 

River,  North  Carolina; 
Annapolis.  '  The  bars  at  the  entrance  of  Annapolis  Harbor,  Marj^land,  with  a  vi 

,  to  accommcxlation  of  deep-dniught  vessels  at  low  tide ; 
Patansco River      West  Branch  of  Patapsco  River,  Maryland,  from  Lightstreet  brit 
West  Branch.      to  head  of  tide-water,  and  an  estimate  of  the  cost  of  making  the  sa 

navigable  for  canal-boats; 
Kentucky  River.     The  Kentucky  River  and  uavigable  tributaries,  Kentucky; 
Licking  River.      The  Licking  River,  Kentucky; 
Cumberland     The  falls  of  the  Cumberland,  Kentucky; 
Falls. 

Clearwater     Clearwater  River,  Idaho ; 
River. 

MisHouri   and     The  Missouri  and  Kansas  Rivers,  at  and  near  their  junction ; 
Kansii^  Rivers. 

Trent  River.         The  Treut  River,  North  Carolina; 

Xell^^e  River.         Neuse  River,  from  Smithlield  to  GohLsborough,  North  Carolina ; 

Chowan  River.      Chowan  River,  North  Carolina; 

Tar  River.  The  Tar  River,  North  Carolina,  from  Washington  to  Tarborough ; 

H  u  m  b  o  1  d  t     Humboldt  River,  California,  with  a  view  to  ita  adaptability  as  a  1 

River.  bor  of  refuge ; 

Crescent  City     Crescent  City  Harbor,  California,  with  a  view  to  its  adaptability  i 

Harbor.  harbor  of  refuge ; 

Rrwervoirs  on     The  examination  of  the  sources  of  the  Mississippi  River  and  of 

Missi.H8ii)pi,    St.  Saint  Croix  River  in  Wisconsin  and  Mimiesota,  and  of  the  CliipiM 

Croix,  Chippewa,  and.  Wisconsin  Rivers  in  the  State  of  ArVisconsin,  to  determine  the  pi 

R?vers.    ^^^'^^^"^  ticability  and  cost  of  creating  and  maintaining  reservoirs  u^Mm 

heaflwafers  of  said  rivers  and  their  tributaries  for  the  puri>ose  of  re 

latiug  the  volume  of  water  ancl  improving  the  navigation  of  said  riv 

and  that  of  the  Mississippi  River,  and  an  estimate  of  the  damag< 

result  therefrom  to  property  of  any  kind; 

Muskingum     '^^^^  Muskingum  River,  Ohio,  below  the  second  dam,  to  ascertain 

River.  adaptability  for  an  ice-harbor,  for  the  protection  of  steamers  and  ol 

craft  on  the  Ohio  River; 

Colorado  of  the     Colorado  of  the  West  from  Fort  Yuma  to  El  Dorado  Canon  ; 
West.  ' 

Kiskiminetas     The  Kiskiminetaii  and  Conemaugh  Rivers,  Pennsylvania,  from 
nud   Conemaugh  mouth  of  the  Kiskimiuetas  to  the  mouth  of  Stony  Creek  ou  the  C< 
Rivers.  maugh ; 

Allegheny  River.     The  Allegheny  River,  up  to  the  mouth  of  French  Creek ; 
Kankakee  River.     The  Kankakee  River,  Illinois  and  Indiana; 

Lincolnville     Lincolnville  Harbor,  Maine; 
Harbor. 

Lubec  Channel.      Lubec  Channel,  Maine  ; 

Apalachicola     Apalachicola  Bay,  Florida; 
Bay. 

East  River.  East  River,  New  York,  at  its  junction  with  Newtown  Creek; 

Maryland  and  The  peninsula  of  Marj^land  and  Delaware,  with  a  view  to  a  const 
Dehuvare  i>eniii-  fion  of  a  shix)-canal  to  connect  the  waters  of  the  Delaware  and  Chesapc 
sula  canal.  Bavs  • 

Florida  penin-  The  jieninsulas  of  Florida  with  a  view  to  the  construction  of  a  i 
sula  canal.  canal  Irom  the  Saint  Mary's  River  to  the  Gulf  of  Mexico; 

Duck  Creek.         Duck  Creek,  Delaware ; 
St.  John's  River.      The  mouth  of  Saint  John's  Piver,  Florida; 

Kansas  River.       The  Kansas  River  from  its  mouth  to  Junction  City,  Kansas ; 
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Delaware  River  l>elow  League  Islaud;  Delaware  River, 

mrvey  of  the  Baiut  John's  River,  Florida,  he t ween  Lake  George  St  John's  River. 
ke  Monroe,  and  estimates  of  cost  of  deepening  the  Volusia  Bar 
aighteuing  the  river  hy  cut-offs ; 
Orford,  Oregon,  to  ascertain  its  adaptability  for  a  harbor  of    PortOrford. 

e  River,  Oregon,  between  Scottsburg  and  its  mouth ;  Rogue  River, 

ille  River,  Oregon ;  Coqnille  River. 

,  River  and  Bay,  Oregon;  Alsea River aud 

Bay. 
the  sum  of  twenty  thousand  dollars  is  hereby  appropriated,  out    Water   lines 
moneys  in  the  Treasury  not  otherwise  provided  lor,  for  the  pur-  from  Norfolk  to 
having  a  complete  survey  aud  examination  of  all  the  Avater  lines  ^''P®  ^*-'^^  River, 
tes  leading  or  that  may  lead  from  the  Harbor  of  Norfolk  to  the 
:•  Ocean  south  of  Hatteras,  including  any  communication  tliat 
practicable  with  the  Cape  Fear  River;  and  the  said  examina-     What  linos  to 
I  survey  shall  embrace  the  line  known  as  the  Dismal  Swamp  line  be  surveyed. 
line  known  as  the  Albermarle  and  Chesapeake  Canal  line,  and 
r  routes  and  Mnes  that  may  be  practicable  in  the  wat^jrs  of  Eastern 
'arolina  connecting  Norfolk  Harbor  by  inland  navigation  with 
m  south  of  Cape  Hatteras. 

L  That  for  the  exauiiuations  and  surveys  herein  provided  for,     Examination «. 
incidental  repairs  of  harbors  for  which  there  is  no  special  ap-  ^}^-  ?    appropria- 
:ion,  the  sum  of  one  hundred  and  fifty  thousand  dolhirs  is  hereby      "' 
iitt4:Ml,  to  l>e  paid  out  of  any  moneys  in  the  Treasury  not  other- 
propriated. 

)ved,  June  18,  1878. 


10. — An  act  granting  a  aite  for  a  dr>--<lock  in  the  city  of  Baltimore  upon  cer-     June  19,  1878. 

tain  conditions.  


autctfd  by  the  Senate  and  House  of  Representatives  of  the  United 
'  America  in  Congress  assembled^  That  the  Secretary  of  War  be.     Fort  McHenrv 
'[»  hereby,  directed  to  convey  to  the  Baltimore  Dry  Dock  Com-  tract,  Baltimore. 
Baltimore  City,  a  Injdy  corporate  created  under  the  laws  of  the  convo\e<l  as  site 
Maryland,  for  the  consideration  hereinafter  described,  so  much  for  dry -dock. 
and  l>eloTiging  t-o  the  United  States,  in  .said  city,  known  as  the 
Henry  tract,  as  lies  l>etween  the  northwestern  boundary  line  of 
.  tract,  and  a  line  parallel  thereto  aud  distant  four  hundred  and 
t  therefipom,  and  between  a  line  two  hundred  and  ftftv  feet  from 
them  side  of  Fort  avenue  (a  street  or  avenue  of  said  city,  ex- 
,  and  parallel  thereto,  and  the  northwest  branch  of  the  Patapsco 

,  That  in  consideration  of  the  said  conveyance,  and  as  the  con-     Conditions    of 
ipon  which  the  same  is  made,  the  said  dry-dock  company  shall  conveyance. 
irtMl  t-o  construct,  upon  the  land  conveyed  as  aforesaid,  within 
are  from  the  date  of  the  conveyance,  an  efficient  **  Simpson's 
pd  dry-dock'',  four  hundred  anil  fifty  feet  in  length,  and  to 
to  the  Unit-ed /States  the  right  to  the  use  forever  of  the  said  dry- 
t  any  time,  for  the  prompt  examination  and  repair  of  vessels 
ng  to  the  United  States,  free  from  charge  for  docking;  and  if  at     Diversion  to 
le  .«iaid  property  hereby  conveyed  shall  be  diverted  to  any  other  other  uses. 
D  that  herein  named,  or  if  the  said  dry-<lock  shall  be  at  any  time 
r  use  for  a  period  of  six  months,  or  more,  the  property  hereby 
h\  with  all  its  privileges  and  appurtenances  shall  revert  to,  and 
the  absolnte  property  of  the  United  States. 

oved,  June  19,  1878. 


13. An  act  to  amend  an  act  entitled  "An  act  makin;^  appropriations  for  the     June  19,  1878. 

pre^ervatiofL,  and  completion  of  certain  public  works  on  rivers  and  harbors, 

other  parpooea,"  approved  March  3,  A.  JD.  1875. 

eitacted  hy  the  Senate  and  Home  of  Representatives  of  the  United 
'  America  in  Congress  assembledy  That  the  fourth  and  succeeding     James  B.  Eadw. 
of  an  act  entitled  ''An  act  making  appropriations  for  the  repair,  VQ^YS'be  liJade' 
tion,  and  completion  of  certain  public  works  on  rivers  and  bar-    ^g--  ^^  ^^ 
d  ftyr  other  piiriM'®®^ "»   approved  March  third,  anno  Domini     is  s'tat.,  463! 
Irandred  and  seventy-five  authorizing  James  B.  £ads  and  hia     Amended. 
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associates  to  create  and  permanently  maintain  a  wide  and  deep  channel 

between  the  8onth  Pass  of  the  Mississippi  River  and  the  Gulf  of  Mexico, 

he,  and  they  are  hereby,  amended  so  as  t«  provide  that  payments  shall 

be  made  to  said  Ends,  his  assigns  or  legal  representatives,  as  follows, 

namely : 

Payment  of  five     Sec.  2.  The  Secretary  of  War  is  hereby  authorized  and  directed  to 

hundred  thou- draw  his  warrant  upon  the  Secretary  of  the  Treasury  of  the  United 

aand  dollars.         States  in  favor  of  James  B.  Ea^ls,  his  assigns  or  legal  representatives, 

for  the  sum  of  five  hundred  thousand  dollars,  so  soon  as  the  siiid  Eads, 
his  lawful  assigns  or  legal  representatives,  shall  file  with  the  said  Sec- 
retary of  War  a  relinquishment  of  all  claim  to  the  payment  of  five  hun- 
dred thousand  dollars  provided  bv  the  hereinbefore  recited  act  to  be 
{mid  when  a  channel  twenty-four  feet  in  depth  and  not  less  than  two 
lundred  and  fifty  feet  in  width  shall  have  been  obtained.    And  the 
Secretary  of  the  Treasury  is  hereby  authorized  and  directed  to  pay  to 
said  Eads,  his  lawful  assigns  or  legal  representatives,  the  sum  for  which 
said  warrant  is  drawn. 
Monthly    pay-     Sec.  3.  The  Secretary^  of  War  is  further  hereby  authorized  and  di- 
meuts,    amount-  rected  upon  his  approval  of  the  engineers  statement  in  this  section  men- 
ing  to  five  hun-  tinned  to  draw  his  wan*ant  ujion  the  Secretary  of  the  Treasury  of  the 
dollars  ^"*        United  States  in  favor  of  said  James  B.  Eads,  his  lawful  assigns  or  legal 

representatives,  monthly,  for  such  sums,  not  exceeding  in  the  aggregate 
the  gross  sum  of  five  hun<lred  thousand  dollars,  a8  he  or  they  may  re- 
quire in  the  prost'cution  of  the  works  authorized  by  said  hereinbefore 
recited  act^  to  pay  for  materials  furnished,  lalior  done,  and  expenditures 
incurred,  from  and  after  the  passage  of  this  act,  in  the  construction  of 
Certiflcatea  of  said  works :  Prorided,  That  said  Eads  or  his  legal  representatives,  shall 
work,  etc.  file  in  the  office  of  the  Secretary  of  War,  with  each  refjuisitiou  made  by 

him  or  them,  a  certitied  statement,  "which  shall  ha  made  by  the  engineer 
officer  pnnided  for  in  said  act,  that  the  requisition  is  for  the  amount  of 
work  pnqierly  done,  materials  furnished,  and  ex|)enditures  incurred  in 
Relinquishment  the  prosecution  of  the  work :  And  jyrovided^  That  said  Eads,  his  lawful 
of  deferred  pay-  jiggigns  or  legal  representatives  shall  file  with  the  Secretary  of  War  a 
"^^°^*  relinquishment  of  all  claim  to  the  deferred  payment  of  two  hundred 

and  fifty  thousand  dollars  provided  by  the  hereinbefore  recited  act  to 
be  paid  when  a  channel  twenty-four  feet  in  depth  and  not  less  than  two 
hundred  and  fifty  feet  in  width  shall  have  been  maintained  for  twelve 
Further  relin- months  consecutively :  And  provided  further  y  That  said  Ea<hi,  his  lawful 
<iuiahmeut.  assigns  or  legal  rei)resentatives  shall  from  time  to  time,  as  monthly  in- 

stallments of  the  remaining  two  hundred  and  fifty  thousand  dollars  are 
paid,  file  with  the  Secretary  of  War  a  relinquishment  of  like  amounts, 
to  be  deducted  from  the  jiaymeut  of  five  hundred  thousand  tlollars  pro- 
vided by  the  hereinbefore  recited  act  to  be  naid  when  a  channel  twenty- 
six  feet  in  depth  and  not  less  than  three  nundred  feet  in  width  shall 
have  been  obtained.     And  the  Secretary^  of  the  Treasury  is  hereby 
authorized  and  directed  to  pay  to  said  Ea<ls,  his  lawful  assigns  or  legal 
Remaining  pay-  representatives,  the  sums  for  which  said  warrants  arc  drawn.     All  other 
nients  according  p^Y„,(,,its  to  said  James  B.  Eads  his  lawful  assigns  or  legal  re])re8enta- 
to  t»>rmer  act.       fives  are  to  bo  made  under  and  in  pursuance  of  the  provisions  of  the 
hereinbefore  recited  act;  the  whole  of  said  act,  except  as  the  same  is 
hereby  expressly  mmlified  or  amended,  to  have  the  same  force  and  effect 
as  if  this  act  had  not  been  passed. 
Board  of  engi-      Sec.  4.  The  President  of  the  United  States  is  hereby  authorized  and 
and^TOrt*™    *^  directed  to  convene  a  board  of  five  engineers  of  the  Army,  which  said 
*  board  shall  visit  the  works  in  process  of  construction  by  said  James  B. 

Eads  at  the  South  Pjiss  of  the  Mississippi  River,  and  make  an  examina- 
tion of  the  same,  and  make  a  full  re])ort  of  the  progress  made  in  the  con- 
struction of  the  works,  the  probable  cost  of  their  completion,  and  the 
results  i>roduced,  or  that  may  properly  be  produced  by  tliem,  their  prob- 
able permanency,  and  of  the  advi8al>ility  of  any  modification  of  the 
terms  of  the  act  under  which  said  Eads  is  constructing  said  works,  so 
far  as  regards  dimensions  of  channel  through  the  jetties,  and  of  the 
tenns  of  payment  for  the  same ;  which  said  report  shall  be  submitted 
to  the  Secretary  of  War,  to  be  presented  at  the  next  session  of  Con- 
gress. 

Approved,  June  19,  1878. 
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CHAP.  3SB, — An  act  makini^  appropriations  for  the  legislative,  execntive,  and  Judicial     June  19,  1878. 

erpeiues  of  the  government  for  the  fiscal  year  enduig  Jane  30,  1879,  and  for  other 

purposes. 

Be  it  enacted  by  the  Senate  and  House  of  JRepresentatives  of  the  United 
States  of  America  in  Congress  assembhd,  That  the  following  HuniH  be,  aud   Appropriations, 
the  same  are  hereby,  appropriated,  out  of  any  money  in  the  Treasury     I^>!l8lative,  ex 
not  otherwise  appropriated^  in  full  compensation  for  the  service  of  the  cUU  expemws" 
fiscal  year  ending  June  thirtieth,  eighteen  hundred  and  seventy-nine, 
for  the  objects  hereinafter  expressed,  namely : 

WAR  DEPARTMENT. 


Ln  the  Office  of  the  CinEF  of  Exgin^eers. — One  chief  clerk,  at    Engineer 
two  thousand  dollars ;   four  clerks  of  class  four ;   tAvo  clerks  of  class  r^a^- 
three;  three  clerks  of  class  two;  three  clerks  of  chvssone;  one  clerk, 
»t  one  thousand  dollars ;  one  assistant  messenger ;  and  two  laborers ; 
m  all,  twenty-three  thoiLsand  two  himdred  and  forty  dollars. 

That  the  Secretary  of  War  is  hereby  authorized  to  detail  not  exceed- 
ing thirty  enli8t<^d  men  for  clerical  serl'ice  in  his  department  in  addition 
to  the  ffirce  above  provided. 

For  contingent  expensea,  namely:  For  stationery,  office  furniture, 
miscellaneous  and  incidental  expenses,  including  purchase  of  profes- 
sonal  hooka  and  maps,  two  thousand  tive  hundred  dollars. 


Bu- 


PUBLIC  BUILDINGS  AND  GROUNDS. 

For  clerk  in  the  office  of  Public  Buildings  and  Grounds,  one  thousand 
fear  hundred  dollars ;  and  for  messenger  in  the  same  office  eight  hun- 
diwi  and  forty  dollars.  For  rent  of  a  portion  of  the  building  known  as 
the  Tow>¥>n  House,  for  the  use  of  the  clerical  force  employed  under  the 
Cliirf  of  Engineers  of  the  Army  upon  the  public  buildings  and  grounds 
of  the  Government  of  the  United  States  in  the  District  of  Columbia,  for 
office  for  recorda  and  for  transaction  of  business  relating  to  the  same, 
nine  hundred  dollars. 

For  the  public  gardener,  one  thousand  six  hundred  dollars. 

For  a  foreman  and  laborers  employed  in  the  public  grounds,  twenty 
tlH»Diiand  dollars. 

For  two  drawkeepers  for  Navy  Yard  and  Upper  bridges,  one  thousand 
fear  hundred  and  forty  dollars. 

For  watchman  in  Franklin  Square,  six  hundred  and  sixty  dollars. 

For  watchman  in  Lafayette  Square,  six  hundred  and  sixty  dollars. 

For  three  watchmen  in  Smithsonian  grounds,  at  six  hundred  and 
aiity  dollars  each,  one  thousand  nine  hundred  and  eighty  dollars. 

For  one  watchman  for  Judiciary  Square,  and  one  for  Lincoln  Square 
tad  adjacent  reservations,  at  six  hundred  and  sixty  dollars  each,  one 
thoosand  three  hundred  and  twenty  dollars. 

For  one  bridgekeeper  at  Chain  Bridge,  six  hundred  and  sixty  dollars. 

For  contingent  and  incidental  expenses,  five  hundred  dollars. 

Approved,  June  19,  1878. 


Salaries,  etc. 


Contingencies. 


CHAP.  350. — An  act  making  appropriations  for  sundry  ciril  expenses  of  the  govern-     June  20, 1878. 
ment  for  the  fiscal  year  ending  June  30,  1879,  and  for  other  purposes.  

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
Hat€»  of  Amaica  in  Congress  assembled^  That  the  following  sums  be,  and  .^propriati* 
the  same  are  hereby,  appropriated  for  the  objects  hereinafter  expressed    Sundiy   c  i 
for  the  fiscal  year  ending  June  thirtieth,  eighteen  himdred  and  seven-  ®^P*"*®®* 
ty-nine,  namely : 


OUM. 

vil 


UNDER  THE  WAR  DEPARTMENT. 

»  •  *  •  • 


BCILDIXGS    AND    GROUNDS    IN    AND    AROUND    WASHINGTON    AND    THE 

EXECUTIVE  MANSION. 

hoprovement  and  care  of  public  grounds:  For  filling  in  and  improv-     Pi^icCTounds 
iBf  groondj)  south  of  Executive  Mansion  five  thousand  dollars.  ^  ^washhigton, 

For  onlinAry  care  of  greenhouses  and  the  nursery,  one  thousand  five 
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Proviso.  hundred  dollars :  Provided^  That  hereafter  only  such  trees,  shrubs,  and 

r^amited  °  ^  ®l>lant8  shall  be  propagated  at  the  greenhouses  and  uurserj'  as  are  suit- 
P    paga     •         j^i^jg  £^jj,  planting  in  the  public  reservations,  to  which  purjiose  only  the 
said  productions  of  the  greenhouses  and  nursery  shall  be  applied. 
For  ordinary  care  of  Lafayette  Square,  one  tnousand  doUars. 
For  care  and  improvement  of  reservation  number  three  (Monument 
grounds),  one  thousand  dollars. 
For  annual  repair  of  iron  fences,  five  hundred  dollars. 
For  manure,  and  hauling  the  same  two  thousand  five  hundred  dollars. 
For  painting  iron  fences,  vases,  lamps,  and  lamp-posts,  one  thousand 
Public  cTounds  five  hundred  dollars, 
m    Waabington.      Yot  purchase  and  repair  of  seats,  one  thousand  dollars. 

For  purchase  and  repair  of  tools,  five  hundred  dollars. 
For  trees,  tree-stakes,  lime,  whitewashing,  and  stock  for  nursery,  two 
thousand  dollars. 
For  removing  snow  and  ice,  one  thousand  dollars. 
For  flowers,  pots,  twine,  baskets,  and  lycopodium,  five  hundred  dol- 
lars. 
For  abating  nuisances,  five  hundred  dollars. 

For  care  and  repair  of  fountains  in  the  public  grounds  one  thousand 
dollars. 
For  improving  various  reservations  five  thousand  dollars. 
Executive  Man-     For  laborers  emploj'ed  in  the  public  grounds,  four  thousand  dollars. 
«ion.  Executive  Mansion :  For  care  of  and  repairs,  refurnishing,  and  fuel 

for  the  Executive  Mansion,  and  care  of  and  necessary  rei)air  to  the 
Bridges.  greenhouses,  and  fuel  for  the  same,  twenty-five  thousand  dollars. 

Lighting,  etc.       For  care  and  repair  of  bridges^  one  thousand  dollars. 

Lighting  the  Executive  Mansion  and  public  grounds :  For  gas,  pay 
of  lamidighters,  gas  titters,   plumbers,  plumbing,  lampa^  lamp-pc«t8, 
matches,  and  repairs  of  all  kinds ;  lam])s  for  Anacostia  bridge ;  fuel  for 
Proviso.  the  office,  watchmen's  lodges,  and  for  the  greenhouse  in  the  nursery, 

Pric« of  gas.  fifteen  thousand  dollars;  Provided^.  That  no  more  than  twenty-five  dol- 
lars shall  be  paid  per  street-lamp  for  ^as ;  and  in  case  a  contract  cannot 
be  made  at  that  rate,  the  engineer  in  charge  is  hereby  authorized  to 
substitute  other  illuminating  material,  and  to  use  so  much  of  the  sum 
hereby  appropriated  as  may  be  necessary  for  that  ^^iiri^ose. 
Water-pipes,  Repair  of  water  pipes  and  fire-plugs:  For  repairing  and  ext^^nding 
**^^-  water-pipes,  purchase  of  ai)paratus  to  clean  them,  and  for  cleaning  the 

springs  and  repairing  and  renewing  the  pipes  of  the  same  that  supply 
the  Capitol,  the  Executive  Mansion,  and  the  War  and  Navy  Depart- 
ments, two  thousand  dollars. 
Department  tel-     Telegi'aph  to  connect  the  Capitol  with  the  departments  and  the  Gov- 
t'gi-aph.  emment  Printing  Office :  For  repair  and  care  of  the  same,  one  thousand 

dollars. 
Washington     Wtishington  aqueduct:  For  engineering,  maintenance,  and  general 
aqueduct.  repairs  of  the  same,  fifteen  thousand  dollars. 


mantels  and  grates,  elevators,  balusters  for  winding-stairways,  iron 
fence,  lamp-posts  and  lanterns  for  the  approaches,  office  rent,  and  con- 
tingencies, tnree  hundred  ami  twenty-five  thousand  dollars. 

For  continuing  the  constniction  of  the  north  wing,  to  be  exx>ended  for 
cut-stone,  excavations,  and  foundations,  two  hundred  and  fifty  thousand 
dollars. 

Statue  of  Gen-     That  the  unexpended  balance  of  the  appropriation  for  the  statue  of 
*  me  c™^      General  George  H.  Thomas,  made  by  the  act  of  July  thirty-first,  eighteen 

19  Stat.,  114.  hundred  and  seventy  six,  amounting  to  two  thousand  four  hundred  and 
sixty-five  dollara  and  fifteen  cents,  oe,  and  the  same  is  hereby  reapi)ro- 
priated,  and  made  available  to  finish  the  pedestal  and  statue. 

MISCELLANEOUS  OBJECTS. 

Geographical     One  hundredth  meridian :  For  continuing,  in  field  and  office,  the  geo- 
sui-vey.  graphical  survey  of  the  territory  of  the  United  States  west  of  the  one 

hundi'edth  meridian,  the  supply  branches  of  the  War  Department  aid- 
ing as  heretofore ;  for  the  preparation,  engraving,  and  printing  of  the 
maps  and  other  illustrations,  and  the  purchase  of  locations  for  connect- 
ing-stations, fifty  thousand  dollars;  to  be  immediately  available. 
Surveyof North-     Survey  of  Northern  and  Northwestern  Lakes  and  Mississi])])!  River : 
em  and  North- por  continuing  survey  of  Lake  Erie:  determination  of  points  in  aid  of 
western  lakes,  g^j^^^  surveys  and  construction  of  max>8,  continuation  of  triangulatiou 
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east  from  Man^^o  and  south  from  Chicago  and  east  to  Lake  Erie,  snn'ey 
of  the  Missiissippi  River ;  for  Lake  Erie :  completion  of  trianj^ulation 
and  measurement  of  bast*,  constructiug  and  eu«rraving  maps;  for  Lake 
Ontario;  for  Lake  Michigan:  continuation  of  triangulatiou  east  from 
Mango  and  south  from  Chicago,  and  publication  of  maps;  for  8ur\'ey 
of  the  Mis8ii»ippi  River:  continuation  of  triangulation,  continuation 
of  topography  and  hydrography,  continuation  of  levels,  purchase  of 
8team-launehea  and  quarter-boats,  and  reduction  of  work  and  construc- 
tion and  publication  of  maps;  water-level  observations;  quarters  and 
fnel  for  iifficers;  determination  of  points  in  aid  of  State  surveys;  office 
rvut  fuel;  stjitioner>' ;  instruments;  and  for  miscellaneous  puqKvses 
incident  to  the  work,  ninety-nine  thousand  dollars;  one  half  of  which 
shall  be  used  in  continuing  the  survey,  now  being  made  under  direc- 
tion of  the  War  Department,  of  the  Mississippi  River  and  tributaries. 

To  enable  the  Secretary  of  War  to  pay  to  the  Hartford  and  New  York  -jj^*^^*"}]^  *"*! 
St^mbikat  Company  for  dredging  done  in  the  Connecticut  River,  iii^^^^r  j^Y^^^J^'^*™" 
the  direction  of  Major  G.  K.  Warren,  United  States  Engineers,  in  the  **    '  * 

months  of  J nly,  August,  and  September,  eightetm  hundred  and  seventy- 
six,  four  thousand  two  hundred  and  three  dollars. 

For  payment  of  George  F.  Wheeler,  Robert  H.  Hotchkiss  and  Aaron    G.  F.  Wheoli-r 
Walters,  for  services  rendered  by  them  as  conmiissioners  appointed    RH-HotehkisH, 
(mr&oant  to  an  act  of  Congress  of  March  third,  eighteen  hundred  and    fg75  ch^Tee 
«Tenty-five,  to  appraise  damages  to  lauds  in  Fond  du  Lac  County  Wis-     i8  Stat.]  50o! 
romdn,  caosed.  by  the  improvement  of  the  Fox  and  Wisconsin  Rivers, 

five  thooaand  three  hundred  and  ten  dollars. 

•  •  •  *  •  •  • 

The  requisite  amount  is  hereby  appropriated,  out  of  any  money  in  James  B.  Eads. 

the  Treasury  not  otherwise  appropnated,  to  pay  all  money  that  may 

breonie  due  and  owing  to  James  B.  Eads  and  his  associates,  or  tbat  may 

Weome  payable  to  said  Eads,  his  assigns  or  legal  representatives,  in  , 

awonla  nee' with  the  ])rovisions  of  the  act  approved  M.arch  third,  eight-  j^g  ^^^i'  4^53' 

«n  hundred  and  seventy-five,  and  the  act  amendatory  thereof,  prior  jg^g  ^.jj'  3^3* 

to  the  first  day  of  February',  eighteen  hundred  and  seventy -nine.  ante  p.  icts.  ' 

«  •  ##  #  #  #  ^ 

That  the  sum  of  sixty-five  thousand  dollars  l>e,  and  the  same  is  hereby,     p  r  e  o    wngon- 
ippropriated,  out  of  any  money  in  the  Treasury  not  otherwise  appro- bridpe  at  Fort 
pmted,  to  aid  in  the  construction  and  completion  of  a  free  wji^on- SneUing. 
bdd^e,  with  .stone  abutments,  or  stone  and  iron  abutments,  and  iron 
^perstnicture,  across  the  Mississippi  River  at  or  near  Fort  Suellin^, 
^ietween  the  niilitarj'  reservation  of  the  United  States  upon  which  said 
fort  hs  situated  and  a  i>oint  nearly  opposite  said  fort,  in  the  county  of 
EanMey,  Minnesota:  Providedj  That  such  bridge  shall  be  constructed    Proviuo. 
without  the  expenditure  of  any  other  or  greater  sum  of  UKmey  from    Coat, 
the  Treasury  01  the  United  States:  Prm^ided  also,  That  the  height  of    Height   ami 
saiil  bridge  shall  be  at  least  sixty-eight  feet  above  high-water  mark,  span, 
aiiil  tliiit  a  span  of  at  least  two  hundred  feet  in  the  clear  be  provided 
firom  the  right  or  Fort  Snelling  bank  of  said  river  toward  the  left  bank 
tbeTNif:  Provided  furihery  That  said  bridge  shall  be  and  forever  remain.   Public  highway, 
a  public  highway,  free  to  the  United  States  of  America  and  to  all  the 
p€m)le  thereof. 

That  the  location  of  said  bridge,  and  the  plans,  specifications,  and    Approval  of 
estimates  for  the  construction  and  completion  thereof,  shall  be  apnroved  pl*».  etc. 
br  the  Secretary  of  War.     And  whenever  the  said  bridge  shall  have     Pa>Tueiit,wheii 
Wa  fully  comjileted  as  hereinbefore  provided,  opened  to  travel,  and  to  be  made. 
iirtvocably  declicated  as  a  public  highway,  free  to  the  United  States  of 
irueriea  and  all  the  peojde  thereof,  the  Secretary  of  the  Treasury  shall 
par  to  the  Tiersons  entitled  to  receive  the  same  by  reason  of  the  con- 
strottion  of  said  bridge,  or  to  the  commisHioners  authorized  to  build 
sai'l  bri<lge,  the  said  sum  of  sixty-five  thousand  dollars,  which  sum  is 
hpreby  appropriated  for  said  purpose :  Provided y  That  said  bridge,  when     How  to  be  kept 
c*«istnicted,  shall  be  kept  in  good  order  and  repair  by  the  county  of  b*  repair. 
Ramsev,  Minnesota ;  and  the  United  States  shall  never  bo  liable  to  any 
exp<-n>i  in  the  maintenance  or  repair  of  said  bridge. 

That  the  coininiwioners  authorized  to  build  said  bridge  under  a    Authority  to 
*pe.-ial  act  of  the  legislature  of  Minnesota,  entitled  ^^An  act  to  ^"thor- jj^^"]^  a«d^  '"«ke 
^  ami  provide  for  the  construction  of  a  free  bridge  across  the  Missis-  ^^^^ 
^ippi  River  at  or  near  Fort  Snelling,  and  to  lay  out  suitable  roads 
and  approaches  thereto ",    approved  March  second,  eighteen  hundred 
«m1  sevcntv-«ix    and   the   acts  amendatory  thereof,  and  their  succes- 
*Jf^  be,  and  tJiey  axe   hereby,  authorized  to  abut  said  bridge  upon 


reserva- 
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the  lands  of  the  United  States  known  as  the  Fort  Snelling  military  res- 
ervation, and  to  construct  and  maintain  an  abntment  thereon  for  said 
bridge,  at  such  point  as  the  Secretary  of  War  shall  approve,  an<l  to  sur- 
vey locate,  open  and  maintain  public  roads  or  highways  from  said 
bridge ;  for  which  purpose  a  right  of  way  not  exceeding  one  hundred 
feet  in  width,  from  said  bridge,  across  said  military  reservation,  upon 
such  line  or  lines  as  the  Secretary  of  War  shall  direct  or  approve,  is 
hereby  given  and  granted  to  said  commissioners  and  their  successors. 

National  Acad-  And  the  National  Academy  of  Sciences  is  hereby  required,  at  their 
emy  of  Sciences  next  meeting,  to  take  into  considenition  the  methods  and  expenses  of 
rv])or?*'plan8*^f  ^^^'^^^^^^^^^  ^^  surveys  of  a  scientific  charact«r  under  the  War  or  lu- 
siirveys.  terior  Department,  and  the  surveys  of  the  Laud  Office,  and  to  ix^iK»rt  to 

•  Congress  as  soon  thereafter  as  may  be  practicable  a  plan  for  sur^'cying 
and  mapping  the  Territories  of  the  United  States  on  such  general  sys- 
tem as  aWU,  m  their  judgment,  secure  the  best  results  at  the  least  pos- 
sible cost ;  and  also  to  recommend  to  Congress  a  suitable  plan  for  tbe 
publication  and  distribution  of  the  reports,  maps,  and  documents,  and 
other  results  of  said  surveys,  #  •  ♦  •  ♦ 

Approved,  June  20,  1878. 


Jane  20,  1878.    CHAP.  3G1. — An  act  to  appoint  a  commisaion  to  ascertain  the  cost  of  removing  the 
Naval  Observatory. 


Be  it  enacted  by  the  Senate  and  House  of  Bepresentntives  of  the  Fmifd 
Naval  Observ.  States  of  America  in  Congress  OMcmhlcdy  That  the  President  be,  and  he  is 
atorj-.  hereby,  directed  to  appoint,  by  and  with  the  advice  and  consent  of  the 

sekcT'^t**^"^  *^  Senate,  a  commission  consisting  of  three  persons,  one  of  whom  shall 
be  a  Rear  Admiral  of  the  Navy,  one  of  whom  shall  be  a  Colonel  of 
Engineers,  and  one  shall  be  chosen  from  civil  life,  whose  duty  it  shall  be 
to  select  a  site,  within  the  District  of  Columbia,  for  the  United  States 
Naval  Observatory,  such  site  to  possess  relatively  the  advantages  of 
healthfulness,  clearness  of  atmospuere,  convenience  of  access  from  the 
City  of  Washington,  and  such  other  advantages  as  may  be  found  expe- 
Keport.  dient,  and  to  rei)ort  fully  thereon  including  estimates  of  the  total  ex- 

pense of  said  site  and  the  removal  of  the  Observatory,  to  the  next  ses- 
Proviso.  sion  of  Congress :  Provided^  however ,  That  no  member  of  said  coimnission 

shall  be,  directly  or  indirectly,  interested,  for  himself,  or  for  any  other 
person,  in  any  property  to  be  selected  as  a  site  for  said  Observatorj*. 
Proposals    for     Sec.  2.  Said  commission  shall  invite  sealed  proposals  or  offers  of  sale 
Hale  of  site.  from  the  ownera  of  land  deemed  fit  for  such  a  site,  containing  such 

provisions  as  they  may  deem  sufficient  to  bind  such  owners  to  convey 
such  land  to  the  United  States  in  case  the  same  shall  hereafter  be 
selected  and  determined  on  as  the  site  of  said  Obser^-atorj^ ;  which  pro- 
posals shall  be  opened  by  the  full  commission  publicly,  and  in  the  pres- 
ence of  persons  interested  who  may  choose  to  attend,  on  a  day  to  be 
fixed  for  that  X'urpose,  after  due  notice  to  all  parties  interest<*d ;  and 
no  proposal  received  after  such  formal  opening  shall  be  opened  or  con- 
sidered. 
Sale  of  present  Sec.  3.  Said  commission  shall  also  consider  and  report  npon  the  pro- 
site,  etc.  priety  and  expediency  of  disposing  of  the  old  observatory'  grounds  and 

buildings,  the  best  and  most  advantageous  method  of  selling  the  same, 
and  the  probable  sum  which  may  be  realized  therefore. 
Examination  of     Sec.  4.  Said  commissioners  may,  if  they  deem  it  necessary  in  onler 
sites  not  offered,  to  secure  the  best  site  for  said  observatory  examine  any  premises  within 

said  District  not  oftered  for  sale  as  before  provided  which  may  seem 
eligible,  and  may  report  their  estimate  of  the  cash  market  value  of  the 
same 

Approved,  June  20,  1878. 


Dec.  15,  1877.     [No.  2.  |    Joint  resolution  relative  to  reservoirs  to  promoto  the  navigation  of  the  Mis- 
sissippi  River. 


Be  it  resolved  by  the  Senate  and  House  of  Bepresoitatires  of  the  United 

Reservoirs   on  States  of  Ametnca  in  Congress  assemhlcdy  That  the  Secretary  of  War  be, 

SaintCroixRiyer,  and  heishereby,  requested  to  make  such  prclimiuarv  examination  of 

e^t^.,  examination  ^^^  headwaters  of  the  Saint  Croix,  Chippewa,  and  Wisconsin  Rivers,  in 

the  States  of  Minnesota  and  Wisconsin,  as  is  consistent  with  his  service. 
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to  determine  the  extent  and  practicabUity  of  reservoirs  upon  tlie  same, 
and  report  to  this  Conffreas  the  result  of  such  examination,  together 
with  a  compilation  of  all  information  and  reports  in  his  office  bearing 
apon  the  solvjeet  of  reservoirs,  by  Febniary  fifteenth  proximo,  or  a^s 
early  thereafter  as  jiracticable.  And  that  he  also  report  the  estimated 
amonnt  and  character  of  the  lands  which  would  bo  submerged  by  such 
pesserroira. 

Approved,  December  15, 1877. 


(So,  dt]   Joint  resolation  to  enable  the  Joint  commiftsioii  to  carry  into  effect  the  act     June  14,  187R. 
of  Congress  providing  for  the  completion  of  the  "Washington  Monument.  


Be  a  resolved  by  the  Senate  and  House  of  Representatives  of  the  United 
Skkn  of  America  in  Congress  assembled,  That  the  joint  commission  created     Washington 
bj  the  act  of  Con^piesa  entitled  "An  act  providing  for  the  completion  of  ^2»""^**"t- 
the  Washington  Monument ",  approved  August  second,  eighteen  hundred  pilatiou     ^^^^ 
and  sereuty-sLs:,  be,  and  they  are  hereby,  authorized  to  apply  a  portion     ihto.  ch.  250, 
of  the  money  appropriated  by  said  act  "not  exceeding  thirty -six  thou-    19  Stat.,  123. 
and  dollars  to  ^ve  greater  stability  to  the  foundation,  if  they  deem  it 
•driaable. 

Approved,  June  14,  1878. 
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APPENDIX  A. 


AXXUAL  REPORT  OF  LIEUTENANT-COLOXEL  GEORGE 
THOM,  CORPS  OF  ENGDTEERS,  FOR  THE  FISCAL  YEAR 
EXDIXG  JIINIE  30,  1878. 

United  States  Engineer  Office, 

Portland^  Me.j  July  12, 1878. 

CrE>'EBAi, :  I  have  the  honor  to  transmit  herewith  my  annual  reports 
of  operations  for  the  fiscal  year  ending  June  30,  1878,  on  the  several 
river  and  harbor  improvements  under  my  charge  in  the  States  of  Maine, 
Xew  Hampshire,  and  Massaeliusetts. 

Very  resj^ectfully,  your  obedient  servant, 

Geo.  Thom, 
Lieut  Col.  of  EnffineerSy  Bvt.  Brig.  Gen.j  U.  8.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U.  S.  A. 


A  z. 

improvement  of  saint  CROIX  RIVER,  ABOVE  THE  "  LEDGER*  MAINE. 

The  following  appropriations  have  been  made  by  Congress  for  the 
improvement  of  this  river,  viz: 

Bj  act  approved  March  2,  1867 $15,000  00 

By  act  approved  March  3,  1873 10,000  00 

By  act  approved  June  23,  1874 10,000  00 

Total 35,000  00 

The  act  of  March  2, 1867,  contains  the  proviso  that — 

The  Province  of  New  Brunswick  contribute  and  pay  to  the  proper  disbursing  officer 
a  lilce  gran  for  said  purpose,  said  payment  being  made  on  condition  that  in  no  event 
«ljall  the  province  of  New  Brunswick  be  called  upon  for  more  than  half  the  sum  octu- 
%  expended  for  said  purpose. 

In  July,  1873,  information  was  received  by  the  department  from  the 
minister  of  public  works  of  the  Dominion  of  Canada  that  $25,000  had 
been  appropriated  by  Parliament — 

For  the  removal  of  slabs,  sawdust,  and  other  obstructions  in  the  Saint  Croix  River, 
which  nins  between  the  Province  of  New  Brunswick  and  the  State  of  Maine. 
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In  1873  an  accurate  survey  was  made  under  the  direction  of  Lieut 
Col.  George  Thorn,  Corps  of  Engineers,  of  this  river  from  the  "Ledge" 
up  to  the  toll-bridge  between  Calais  and  Saint  Stephen's,  the  head  of 
navigation,  a  distance  of  about  5  miles,  and  a  project  for  the  improve- 
ment of  this  river,  with  an  estimate  of  its  cost,  was  submitted  to  both 
governments. 

On  referring  to  the  estimate  submitted  to  the  department  in  the  report 
on  this  surv^ey,  dated  March  25,  1874,  it  is  seen  that  about  235,000  cubic 
yards  of  slabs,  edgings,  &c.,  would  have  to  be  excavated  in  order  to 
obtain  a  channel  200  feet  wide  and  9  feet  deep  at  mean  low- water  f  giving 
29  feet  at  mean  high- water)  up  to  Todd's  Ledge,  and  100  feet  wide  with 
same  depth,  thence  up  to  the  toll-bridge,  the  estimated  cost  of  which 
now  is  $150,000. 

As  these  deposits  in  the  channel  have  been  caused  solely  by  the  saw- 
mills at  Calais,  Saint  Stephen's,  and  above,  and  as  there  does  not  appear 
to  be  any  law  or  authority  strong  enough  to  prevent  the  continuance  of 
this  e\il,  it  has  been  decided  by  the  two  governments  (see  corre8i)ond- 
ence  accompan;ying  Lieutenant-Colonel  Thorn's  annual  rei>ort  for  the 
fiscal  year  ending  June  30,  1874)  to  suspend  this  improvement  until 
they  shall  become  satisfied  that  there  will  be  no  more  deposition  of  the 
"waste"  from  the  saw-mills  above,  as  otherwise  there  is  no  guarantee 
that  the  river,  if  now  improved,  woidd  remain  in  a  state  of  efficiency, 
but  would  probably  be  closed  again  and  require  further  expenditure. 

Tlie  attention  of  Congress  is  again  respectfullj'  asked  to  this  matter, 
and  to  the  necessity  of  some  general  law  to  protect  from  injury  and  ob- 
stinictions  all  navigable  waters  under  the  control  of  the  United  States, 
and  for  the  improvement  of  which  Congress  has  already  made,  or  may 
hereafter  see  fit  to  make,  appropriations. 

This  river,  throughout  its  whole  extent,  fonus  a  j^art  of  the  international  boundarj', 
and  that  hortion  of  it  for  which  improvements  are  project<?d  lies  \^^thin  the  coUection- 
difltrict  of  Passamaquoddy,  the  nearest  port  of  entry  being  at  Calais,  Me. 

The  light-house  nearest  thereto  is  at  Doohet's  Island,  in  the  Saint  Croix  River,  about 
8  miles  belo^v  Calais,  and  the  nearest  fort  is  Fort  Sullivan,  at  Eastport.,  Me.,  about  30 
miles  below  Calais. 

Tlie  following  information  in  regard  to  the  revenue  and  commerce  of 
the  port  of  Calais,  for  the  year  ending  December  31,  1877,  has  been  fur- 
nished by  the  United  States  deputy  collector  of  customs,  viz : 

Amount  of  revenue  collected,  ^10,614.  Vessels  arrived,  925  coastwise  and  52  foreign. 
Vessels  cleared,  9*21  coastwise  and  59  foreign.  Vessels  built,  1  ship,  1  bark,  ana  1 
schooner,  aggiegating  2,324.90  tows.  Vessels  owned  in  Calais,  85,  aggregating  11,584 
tons.     River  open  to  navigation  282  days. 

Money  st^itement 

July  1,  1877,  amount  available ^,000  00 

July  1,  1878,  amount  available 34,000  00 


A  2. 

IMPROVEMENT  OF  PENOBSCOT  RIVER,  MAINE. 

The  work  that  has  been  projected  for  the  improvement  of  this  river 
consists — 

1.  In  straightening,  deepening,  and  widening  its  channel  throngh  the 
several  shoals  and  bars  at  Bangor,  and  below  for  a  distance  of  3^  mile^, 
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SO  as  to  have  a  width  of  not  less  than  200  feet,  and  a  depth  of  not  less 
than  11  feet  at  low- water  (or  25  feet  at  high-water)  in  the  lowest  stages, 
giving  about  14  feet  of  water  at  low-water  in  its  ordhmry  stages. 

2.  In  breaking  up  and  removing  all  the  sunken  ledges  and  bowlders 
in  the  harbor  of  Bangor,  outside  the  main  channel,  down  to  the  level  of 
the  general  bed  of  the  river,  including  Independence  liock,  GulUver's 
Boek,  tlie  ledge  near  steamboat  wharf,  and  those  near  Dole's  wharf, 
Green-s  Pier  and  Green's  Pier  Ledge,  and  a  ledge  outside  of  it,  also  the 
bowlders  and  ledges  in  front  of  the  wharves  at  High  Head. 

The  following  ai)propriation8  have  been  made  by  Congi^ess,  to  date,  for 
the  improvement  of  this  river,  \\2, : 

Bvact  approved  Julv  11,  1870 $15,000  00 

Bv  art  appTove<l  Mafth  3,  1871 50,000  00 

Bv  act  approved  June  10,  1872 40,000  00 

Bv  act  approvetl  March  3,  1873 20,000  00 

By  act  approve<lJune  23,  1874 20,000  00 

Br  act  approved  Marcli  3, 1875,  wliich  provides  that  $10,000  of  tliis  amount 
shaU  l>e  expeude<l  at  or  uear  Bucksport  Narrows,  for  which  no  project  or 

estimate  has  been  ma4le 25, 000  00 

By  act  ap}»roved  August  14,  1876,  which  provides  that  $4,000  of  the  amount 

shall  l>e  exiH'nde<lat  or  near  "ITie  Narrows'*  of  said  river  at  Bucksport.       10,  000  00 
By  act  appr(»ved  June  18,  1878,  which  provides  that  $2,500,  or  so  much 
thereof  jis  mav  he  necessarv,  shall  be  expended  at  or  near  the  Narrows 
in  said  river  at  Bucksiwrt.l 12, 000  00 

Total 192,000  00 

Of  which  amount  $16,500  is  chargeable  to  improvements  at  or  near  Bucksport  Nar- 
rows (not  i*?*timate<l  for),  leaving  only  $175,500  available  for  the  improvement  of  the  river 
at  and  near  Ikingor  (above  Hamp<len),  for  which  estimates  have  been  subnutted 
aoioantiug  to  $184,(WX),  leaving  still  necessary  to  lie  appropriated  for  completing  all  the 
vorks  proje<;ted  for  the  improvement  of  tliis  river  at  and  near  Bangor,  $8,500. 

Of  the  total  amount  appropriated  as  above  (to  wit,  $192,000),  there 
had  been  expended  on  the  1st  of  July,  1877 — 

For  improving  the  river  at  and  near  Bangor ^137,715  70 

And  at  and  near  Bucksport,  the  sum  of 10,  (XK)  00 

Leaving  then  available  for  improvements  at  and  near  Bangor  the  sum  of..       18, 284  30 
And  at  and  near  Bucksport  the  sum  of 4, 000  00 

The  ]>rogress  made  in  the  improvement  of  this  river  up  to  the  1st  of 
July,  1878,  is  as  follows: 

I. — ^AT  AND  NEAB  BANGOB. 

L  Dredginff. — Under  the  several  contracts  made  for  dredging  at  and 
near  Bangor  (as  specified  in  last  annual  report),  amounting  in  the  aggre- 
gate to  105,234  cubic  yanls,  all  but  18,000  cubic  yards  had  been  com- 
pleted at  the  close  of  the  fiscal  year  ending  June  30,  1877.  This  dredg- 
ing waj4  completed  on  the  2(>th  day  of  September,  1877,  by  Mr.  Augustus 
R.  Wright,  under  his  unfinished  contract  of  May  13, 1875,  making  a  total 
(rf  39,224  cubic  yards  of  dredging  done  by  him  under  that  contract. 

By  these  operations  a  safe  and  direet  channel  has  been  opened  fix)m 
^*  The  Narrows,"  below  Bangor,  up  to  "  The  toll-bridge,"  a  distance  of 
about  3^  miles,  having  a  width  of  not  less  than  200  feet,  and  a  depth  of 
not  less  than  11  feet  at  low  tide  in  the  lowest  known  stages  of  the  river, 
or  about  14  feet  at  low  tide  in  its  ordinai-y  summer  stages  (when  the 
average  rise  and  fall  of  the  tide  is  about  13  feet),  with  the  exception  of 
the  small  ontcroppings  of  ledge  about  2  feet  shoal,  situated  about  mid- 
^Y  of  the  new  channel  at  Bangor,  at  its  western  edge,  the  removal  of 
^Uch  (in  part)  is  now  in  progress,  under  contract. 

2.  Removal  of  sunken  rocfo.— Independence  Rock  and  Gulliver's  Eock, 
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and  the  ledges  near  steamboat  wharf,  and  those  near  Dole's  wharf,  and 
neto  (outside)  Green's  pier,  Green's  pier  and  the  ledge  upon  which  it 
rested,  aggregating  more  than  2,0()0  cubic  yards,  had  all  been  entirely 
broken  up  and  removed  on  the  1st  of  Jxdy,  1877. 

In  the  dredging  operations  of  1875  and  1876  numerous  sunken  ledges 
were  discovered  in  and  near  the  new  channel  at  Bangor,  requiring  alto- 
gether the  bi^aking  up  and  removal  of  about  220  cubic  yards  of  ledge, 
in  order  to  obtain  the  projected  depth  of  11  feet  at  low  water  in  the  Im- 
est  stages  of  the  river,  the  estimated  cost  of  which  was  ^12,000.  Under 
the  appropriation  of  $6,(K)0  made  for  this  work  by  act  of  August  14, 

1876,  a  contract  was  made  May  29,  1877,  with  Mr.  Gardner  Floyd,  of 
Portland,  Me.,  for  the  removal  of  140  cubic  yards,  more  or  less,  of  this 
sunken  ledge,  at  $39.75  per  cubic  yard,  measured  in  its  bed  above  the 
11-foot  plane.    He  commenced  operations  in  the  latter  part  of  June, 

1877,  and  continued  them  until  the  latter  part  of  October,  when,  owing 
to  the  freshet  in  the  river,  and  the  consequent  disturbexl  coiulition  of 
the  water,  he  was  obliged  to  suspend  work  for  the  winter,  during  which 
period  he  had  broken  up  and  removed  about  70  cubic  yards  of  ledge 
under  his  contract.    This  work  was  resumed  by  him  on  the  20th  of  Jime, 

1878,  It  is  probable  that  he  ^vill  complete  his  contract  before  the  end 
of  the  present  working  season. 

During  the  past  year  siirs  eys  have  been  made  with  a  view  to  the  im- 
provement of  the  harbor  in  front  of  High  Head  wharves  and  at  the 
mouth  of  Kenduskeag  stream ;  and,  on  the  12th  of  January,  1878,  a  re- 
port on  the  survey  at  High  Head  was  made  to  the  department,  with  an 
estimate  and  drawing  of  the  projected  improvement  at  that  place,  a 
copy  of  which  is  hereto  attached,  marked  A. 

The  following  is  an  amended  estimate  of  the  cost  of  the  work  that 
remains  to  be  done  for  completing  the  improvement  of  this  river  as  now 
projected,  to  vnt : 

1.  Breaking  up  and  removing  sunken  ledge  in  new  channel  at  Bangor,  not 

yet  contracted  fur,  including  contingencies,  say §6,  000  00 

2.  Deepening  channel  in  front  of  High  Head  wharves,  aa  per  estimate  in 
accompanying  report 12, 000  00 

Total 18,<XK)  00 

Amount  now  available  for  the  above 12,  (XK)  00 

Additional  amount  required  for  completing  all  the  work  now  projected  for 
improving  the  harbor  of  Bangor 6, 000  00 

n. — AT  AND  NEAR  BUCKSPOBT  NARROWS. 

By  the  act  of  March  3,  1875,  making  an  apjiropriation  of  $25,000  for 
the  improvement  of  Penobscot  River,  it  was  provided  that  $10,000  of  it 
should  be  expended  "  at  or  near  Bucksport  Narrows,''  18  miles  below 
Bangor.  This  apjiropriation  was  applied  to  the  partial  removal  of  the 
shoal  known  as  the  Middle  Groimd,  in  front  of  the  town  of  Bncksport. 
This  shoal  had,  in  some  i)laces,  but  4  feet  of  water  at  mean  low- water, 
and  was  a  serious  obstruction  to  navigation.  Under  a  contract  made 
July  16,  1875,  with  Messrs.  Curtis,  Fobes  &  Co.,  of  Portland,  Me.,  the 
lowest  of  two  bidders,  the  upx>er  portion  of  this  shoal  was  removed  in 
1875  to  a  depth  of  12  feet  at  mean  low-water,  or  22.3  feet  at  ordinary 
high-water. 

Under  the  act  of  August  14,  1876,  by  which  an  additional  sum  of 
$4,000  was  to  be  applied  to  the  improvement  of  the  river  "  at  or  near 
the  Narrows "  at  Bucksport,  a  contract  dated  June  1, 1877,  was  made 
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\nth  Mr.  Augustus  R.  Wright  for  12,000  cubic  yards,  more  or  less,  of 
dmiging  on  the  remaining  part  of  the  Middle  Ground,  so  as  to  have  a 
depth  of  not  less  than  8  feet  at  mciiu  low- water,  the  work  to  be  com- 
pleted not  later  than  the  3()th  day  of  November,  1877.  This  contract 
▼as  completed  on  the  3l8t  of  October,  1877,  with  11,024  cubic  yanls  of 
dredging,  making  a  total  of  72,934  cubic  yards  of  dredging  under  both 
contracts. 

The  following  information  in  regard  to  the  revenue  and  commerce  of 
the  port  of  Bangor,  for  the  year  ending  December  31,  1877,  has  been 
iTunkhed  by  the  United  States  collector  of  customs  at  that  place,  viz  : 

Amount  of  revenue  coUeotcd,  $4,244 ;  value  of  importii,  $9,772 ;  value  of  exports, 
ffflf^TSe.  Nuinl>er  of  arrivalH  (fort'iipi  and  domestic),  about  2,0()0  vessels.  Departures 
the  same,  of  which  46  arrived  from  foreiifu  ports,  and  120  cleared  for  foreign  ports ;  all 
ottMTs  coastwise.     Number  of  vessels  built,  6 ;  aggregate  tonnage,  2,463.16. 

Money  statement 

Jaly  1,  1877,  amoont  avaUable $22,284  30 

Affloont  apTtropriatc^d  by  act  approved  June  18,  1878 12,  000  00 

$34,  284  30 

July  1,  1878,  amount  exx^^nded  during  fiscal  year 18,  786  57 

JqIV  1,  1878,  outstanding  liabilities 477  00 

19,  263  57 

Julyl,  1878,  amount  available 15,020  73 

Amount  (estimated)  require<l  for  completion  of  existing  project 6,  000  00 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1880.        6,  000  00 


special  report  on  the  improve^ient  near  high  head  wharves, 

in  the  harbor  at  bangor,  maine. 

United  States  Engineer's  Office, 

Fortlandj  Jie.,  Jamuiry  12,  1878. 

General.  :  In  compliance  with  the  wishes  of  some  of  the  citizens  of 
Bangor,  Me.,  who  are  most  interested  in  the  commerce  of  that  city,  I 
have  made  an  investigation  as  to  the  practicability  and  cost  of  improv- 
ing the  harbor  near  High  Head  wharves,  so  as  to  make  it  avaihible  and 
safe  for  v€;»8els  of  the  largest  class  (drawing  about  21  feet,  loaded)  which 
now  frequent  that  port  for  freighting  lumber,  &c.,  to  foreign  ports. 

High  Head  wharves  ai-e  at  the  lower  end  of  the  harbor,  about  one 
mile  below  tlie  toll-bridge.  This  is  the  oidy  part  of  the  harbor  where 
vessel  of  the  largest  class,  above  referred  to,  can  float  at  low-water,  and 
which  is  used  for  such  trade — the  depth  of  the  channel  being  about  18 
feet  at  low- water  in  the  low^est  known  stages  of  the  river,  or  about  21 
f(eet  at  low-water  in  its  ordinary  summer  stages ;  the  onlinary  rise  and 
fall  of  the  tide  being  13  feet.  These  w^harves  extend  into  the  river  as 
far  as  the  established  harbor-Unes,  and  have  a  depth  inunediately  in  front 
of  them  ranging  ftoia  3  feet  at  their  upper  end  (at  the  point  marked 
^^a")  to  18  feet  at  the  lower  end  (at  the  ix>int  marked  "d''),  at  extreme 
low- water,  as  shown  on  the  accompanying  drawing;*  the  upper  part 
being  shoaled  chiefly  by  outcroppings  of  ledge  and  the  lower  part  by 
gravel  and  occasional  bowlders. 

To  make  this  part  of  the  harbor  available  and  safe  for  vessels  of  the 


•  Drawini^  on  6}e  in  office  of  the  Chief  of  EngineeTH,  U.  8.  A. 
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largest  class  would  require,  as  ascertained  from  a  very  accurate  survey 
recently  made — 

215  cubic  yards  of  rock-excavation,  at  an  e8timat<?(l  cost  of $8,600 

About  1,450  cubic  j'ards  of  dredging  (gravel  and  bowlders),  at  an  estimated 

cost  of 2,175 

Adding  for  contingencies,  say 1,225 

Total  cost 12,000 

This  would  increase  the  depth  in  front  of  the  harbor-lines  so  as  to  give, 
in  the  ordinary  stages  of  the  river — 

1.  From  the  ui)por  end  of  the  wharf  at  **a"  down  to  "b"  (a  distance  of  275  feet), 
12  feet  at  low  water; 

2.  Thence  to  imint  marked  "c"  (an  additional  distance  of  150  feet),  15  feet  at  low 
water;  and 

3.  Thence  to  the  lower  comer  at  "d"  (an  additional  distance  of  375  feet),  21  feet  at 
low  water. 

These  depths  might  possibly  be  3  feet  less  when  the  river  is  in  its  very 
lowest  stages,  which  would  be  of  very"  rare  occurrence. 

This,  in  my  opinion,  is  a  much-needexl  imi)roveinent,  and  in  view  of 
the  couiparatively  small  cx)st  of  the  work,  as  above  estimated,  it  is  re 
spectfully  recommended  that  it  be  taken  in  hand  at  as  early  a  day  as 
praeticable;  for  which  piupose  an  appropriation  of  $12,000  Tvill  be  re- 
quired in  addition  to  the  sum  of  $6,000  asked  for  in  my  last  annual 
report  for  completing  the  removal  of  the  sunken  ledges  about  midway 
of  the  new  channel  at  Bangor,  making  a  total  of  $18,000. 
Very  respectfully,  your  obedient  servant, 

Geo.  Thom, 
Lieutenant' Colonel  of  Engineers^  Brevet  Brig,  Gen.y  U.  S.  A. 

Brig.  Gen.  A.  A.  Hu:vrPHREYS, 

Chief  of  Engineers^  U.  S.  A. 


A3. 

IMPROVEMENT  OF  BELFAST  HARBOR,  MAINE. 

This  harbor  is  situated  in  the  northwest  part  of  Penobscot  Bay,  and 
is  well  protecte<l  from  all  winds  except  those  from  the  southeast.  To 
render  it  safe  from  those  winds,  a  breakwater  would  be  required,  and 
for  this  work  a  i)lan  and  estimate  were  submitted  by  Lieutenant-Colonel 
Thom,  in  his  report  of  December  9,  1875,  upon  the  survey  ma<le  by  him 
with  a  view  to  the  improvement  of  Belfast  Bay  and  Harbor,  which 
rej^ort  is  found  in  his  annual  report  for  the  year  ending  June  30, 1870. 

The  harbor  is  also  obstnicted  by  a  shoal  on  its  west  side,  extending 
from  McGilvery's  ship-yard  up  to  Lane's  wharf,  a  distance  of  about  five- 
eighths  of  a  mile.  This  shoal  lies  in  front  of  the  Boston,  Portland  and 
Bangor  steamboat- wharves,  and  in  places  has  but  6  feet  of  water  over  it 
at  mean  low-water,  while  tiie  commerce  of  this  city  requires  a  depth  of 
12  feet  at  mean  low- water,  to  enable  the  steamers  and  other  vCvSsels  that 
frequent  its  harbor  to  enter  and  lie  there  in  all  stages  of  the  tide. 

Under  the  appropriation  of  $5,000  made  by  act  of  August  14,  1876, 
for  the  improvement  of  this  harbor,  a  contract  was  ma<le  with  Mr.  James 
M.  Andrews,  of  Biddeford,  Me.,  for  the  removal  of  the  outer  portion  of 
the  shoal  in  front  of  Lane's  whaif  to  the  projected  depth  of  7  feet  at 
mean  low-water,  which  was  completed  by  him  in  November  last. 

So  that  the  work  that  now  remains  to  be  done  for  completing  the 
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nent  of  tliis  harbor  by  the  removal  of  its  shoals  to  the  projected 
12  feet  at  mean  low-water  consists  of — 

bic  yartU  of  dred^ng  of  soft  mud,  the  estimated  cost  ofwhich, 

it^  per  cubic  yard,  is |23,  000  00 

fiibic  yardft  of  hard  dredging,  at  $1  per  cubic  yard 4,  000  00 

r  eontingeiicies   3,  000  00 

%\  additional  amount  required  for  completing  this  improvement      30,  000  00 

CongrcHS  approvcnl  June  18,  1878,  there  has  been  appropriated 

work  the  sum  of 12,000  00 

ere  ift  no"wr  rfH^uired  for  its  completion  the  additional  sum  of 18,  (XX)  00 

►llowiu^  information  in  regard  to  the  commerce  and  revenne  of 
of  Belfast,  for  the  year  ending  December  31,  1877,  has  been 
d  ]>y  the  United  States  collector  of  customs  at  that  port : 

;  of  revenue  colle«'ted,  fi^,385.74 ;  value  of  exports,  $7,655.20 ;  value  of  im- 
177.25 ;  arrivals  of  vessc'ls  from  foreign  ports,  18 ;  arrivals  of  vessels  coaat- 
5;  departure  of  vessels  for  foreign  ports,  22;  departure  of  vessels  coastwise, 
luber  of  vessels  huilt  in  the  district,  9;  aggregate  tonnage  of  same,  4,829.08. 
iiueHs  of  the  year  ending  December  31,  1877,  in  much  Uiss  than  the  avenige 
j*t  ten  years.  The  importing  business  has  been  in  a  great  i»art  suspende^l, 
Uuilding  also. 

rl>or  of  Belfast  is  within  the  collection-<listrict  of  Belfast. 
ht-hoimeH  nearest  thereto  are  on  Dice's  Head,  near  Castine,  and  on  Fort  Point, 
it  10  miles  from  Belfast ;  and  the  nearest  fort  is  Fort  Knox,  opiwsite  Bucks- 
tit  18  miles  from  Belfast. 

Money  statement, 

?77,  amount  available f4,  991  00 

ippropnated  hy  act  approved  June  18,  1878 12,  000  00 

$16,  991  00 

^8,  amount  exp«inded  during  fiscal  year 4,  959  04 

* 

?78,  amount  available  12,031  96 

'estimated)  required  for  completion  of  existing  projects 18,  000  00 

hat  can  be  profitably  expeude<l  in  fiscal  year  ending  June  30, 1880.       18,  000  00 


A  4. 

IMPROVEMENT  OF  KENNEBEC  RIYER,  MAINE. 

Tollowing  appropriations  have  been  made  by  Congress  for  the 
ement  of  tlus  river,  viz : 

ppToved  June  23,  1866 ^,000  00 

ppiT>veil  March  2,  1867 30,000  00 

under  act  approved  April  10, 1869 15,  000  00 

pproved  July  11,  1870 15,000  00 

pproved  March  3,  1871   15,  (KH)  00 

pproved  June  10,  1872 8,000  00 

ppn»ve4l  March  3,  1873 12,000  00 

pproved  June  2:J,  1874 12,  OOO  00 

pproved  March  3,  1875 15,000  00 

,tal 142,000  00 

he  improvements  projected  for  this  river  abave  Richmond,  Me., 
impleted  prior  to  June  30. 1874,  as  descril)ed  in  Lieut.  Col.  George 
annual  report  for  the  fiscal  year  ending  that  date,  wherel)y  a 
d  unobstructed  channel  not  less  than  liK)  feet  in  width,  and  10 
depth  at  mean  low-water  or  15J  feet  at  mean  high-water  in  its 
nmer  stages,  had  been  completed  from  Richmond  up  to  Gardiner, 
nee  of  11  miles;  and  thence  to  Augusta^  a  distance  of  6  miles,  a 
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channel  100  feet  in  width  and  not  less  than  6  J  feet  in  depth  at  low-water, 
or  11  feet  at  high-water,  in  its  lowest  summer  stages.  Tliis  improve- 
ment included  the  removal  of  a  very  dangerous  ledge,  known  as  Ne- 
humkeg  Rock  (between  Richmond  and  Garcliner),  to  a  depth  of  12  feet 
below  mean  low- water;  and  on  the  30th  of  June,  1875,  all  the  projected 
improvements  below  Richmond  (including  the  removal  of  "  Half  Tide 
Rock"  and  three  other  sunken  ledges  from  ''The  Narrows")  were  com- 
pleted, with  the  exception  of  the  removal  of  Dry  Rock  in  "  The  ^ar 
rows." 

On  the  6th  of  May,  1875,  a  contract  was  made  with  Mr.  Isaac  Hamil- 
ton, of  Portland,  Me.,  the  lowest  of  live  bidders,  for  removing  Dr>'  lioek 
(contiiining  about  1,775  cubic  yards,)  at  $15  per  cubic  yaixl,  as  measured 
in  its  bed,  so  as  to  have  over  it  a  depth  of  12  feet  at  mean  low-water. 
Work  was  commenced  under  this  contract  on  the  2d  of  June,  1875, 
and  was  continued  up  to  the  20th  of  IS^ovember,  1875  (when  it  was 
suspended  on  account  of  freshets  and  ice),  and  again  resumed  on  the 
2d  of  June,  1876,  and  continued  up  to  the  8th  of  November,  1876,  when 
about  1,100  cubic  yards  had  been  removed.  It  was  then  again  sus- 
pended for  the  winter  on  account  of  freshets  and  ice,  and  wa«  resumed 
on  the  30th  of  May,  1877.  Up  to  July  1,  1877,  about  1,230  cubic  yards 
were  removed  to  the  required  depth,  leaiing  only  545  cubic  yards  to  be 
removed.    This  work  wa«  completed  on  the  12th  of  September,  1877. 

All  the  work  projected  for  the  improvement  of  this  river  has  been 
completed,  so  that  no  fiuther  appropriations  will  be  needed  therefor. 

Tliese  improvements,  as  above  described,  are  located  in  tlie  collection-district  of 
Bath,  Me.,  in  which  Bath  (30  miles  below  Aupjnsta)  is  the  only  port  of  entry. 

FortPopham  is  at  the  month  of  Kennebec  River,  abont  45  miles  below  Angosta,  and 
the  United  States  ** Kennebec  Arsenal"  is  located  at  Aujfusta. 

Segiiin  and  Pond  Island  light-houses  are  near  the  mouth  of  Kennebec  River. 

The  following  information  in  regard  to  the  commerce  and  revenue  of 
the  port  of  Batli  for  tlie  year  ending  December  31,  1877,  has  been  fur- 
nished by  the  United  States  collector  of  customs  at  that  port : 

Amount  of  revenue  collected |I19, 090  03 

Value  of  exports 130.  IGh  00 

Value  of  imports 81,018  00 

Number.      Tons. 

Coastwise  arrivals 1,429    291,186 

Coastwise  departures 1,  433    311, 05i: 

Foreign  amvals 22        9,  495 

Foreign  clearances 25        6, 68?" 

Number  of  vessels  built  in  the  district 4^ 

Aggregate  tonnage  of  same 32, 68t 

Money  statement, 

July  1,  1877,  amount  available $9,  489  5( 

July  1,  1878,  amount  expended  during  fiscal  year 9,  489  5( 


As. 

IMPROVEMENT  AT  THE  "GUT"  OPPOSITE  BATH,  MAINE. 

The  following  appropriations  have  been  made  by  Congress  for  improv 
iiig  the  navigation  of  this  place,  viz : 

By  act  approved  July  11,  1870 flO,  000  0< 

By  act  approved  March  3,  1871 6, 500  0( 

By  act  approved  June  18,  1878 17,000  0( 

Total 33,500  0( 
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The  work  projected  to  be  done  with  the  appropriations  made  in  1870 
and  1871,  as  above,  was  completed  in  1872,  and  consisted  of  the  following, 
Tiz: 

1.  The  removal  of  Boiler  Eock  to  a  depth  of  10  feet  at  mean  low- water, 
or  16^  feet  at  mean  high-water. 

2.  The  removal  to  a  depth  of  9  feet  at  mean  low-water  of  the  ledge 
extending  from  Boiler  Rock  northw^ard  towaixi  the  shore. 

3.  The  removal  of  tw^o  wrecks  of  vessels  lying  in  mid-channel  above 
and  near  Upi>er  Hell  Gate. 

-L  Drwlging  a  channel  throngh  the  bar  next  al>ove  Upper  Hell  Gate 
to  a  width  of  100  feet  and  a  depth  of  10  feet  at  mean  low- water,  or  16J 
ieet  at  mean  high- water. 

5.  The  breaking  up  and  removal  of  points  of  ledge  which  projected 
into  the  river  &om  its  southern  shore  at  the  Ui)per  Hell  Gate  (amount- 
ing altogether  to  about  1,000  cubic  yaixls),  whei-eby  the  water-way  was 
increased  from  a  width  of  al>out  100  to  about  150  feet. 

By  these  operations  the  channel  at  the  Ui)i)er  Hell  Gate  was  deep- 
ened and  straightened,  and  the  current  much  diminished  in  velocity. 

The  iulditional  work  that  is  now  luojected  to  be  done  under  the  appro- 
priation of  June  18,  1878,  consists  of  the  following  (as  stated  in  my 
spei'ial  report  to  the  depiirtment,  dated  February  21,  1878,  a  copy  of 
which  is  hereto  attached),  viz: 

L  For  dredppng  shoal  above  Upj^er  Hell  Gate  to  a  depth  of  12  feet  at  mean 
low-wat*T,  20,000  cubic  yards,  at  30  <!ent«  per  cubic  yanl f 6,  000  00 

1  Wideniug  tbe  paAsaire  thnjugh  Upjwr  Hell  Gate  by  1,000  cubic  yards  of 
Wge  excavation,  at  ^  per  cuTiic  yard 4,  000  00 

3.  Bilking  nj)  and  removing  160  cubic  yards  of  sunken  ledjje  from  the 
channel  on  the  north  and  east  side  of  Marsh  Island,  at  $33  per  cubic 
yard 5,  600  00 

FciT  engineering  expenses  and  other  contingencies,  say 1,  400  00 

Total 17,  000  00 

This  work,  it  is  believed,  can  be  accomplished  with  tlie  amount  last 
appropriated,  so  that  no  further  appropriation  irf  deemed  necessary  for 
the  improvement  of  this  place. 

The  locality  of  the  proposed  improvement  is  in  the  collection -district  of  Bath,  Me. 
Bath  is  the  only  port  of  entry  in  the  collection-district,  and  is  distant  from  the  Ui)per 
Hell  Gate  alMiiit  3  wiles.  The  nearest  light-houses  are  Soguin  and  Pond  Island,  near 
tbe  month  of  Kennebec  River,  and  the  nearest  fort  is  Fort  Popham,  at  the  mouth  of 
Kennebec  River,  distant  about  15  miles. 

Money  stateinent. 

Amoont  appropriated  by  act  approved  June  18,  1878 ^17,000  00 

July  1,  1878,  amount  available ^ 17,  000  00 


SPECIAL  REPORT   ON   IMPROVEMENT   AT  THE   "GUT"  OPPOSITE  BATd*, 

MAINE. 

United  States  Engineer  Ofpice, 

Portland,  Me.,  February  21,  1878. 

General:  I  have  the  honor  to  acknowle<lge  the  reeeipt  of  depart- 
ment letter  of  the  15th  instant,  furnishing  for  my  information  and  a 
report  the  resolution  of  the  House  of  Representatives,  of  Febniaiy  13, 
W78,  calling  upon  the  honorable  Secretary  of  War  for  "infonuation  as 
to  the  neces8it>'  of  further  jjuprovement  to  the  ^GiiV  opposite  Bath,  Me., 
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and  the  ainoiint  of  appropriation  required  for  that  purpose,  said  locality 
having  heretofore  been  surveyed,"  and,  in  compliance  therewith,  to 
report  as  follows : 

"  The  Gut,"  so  called,  is  a  part  of  Back  River,  which  is  a  tidal  river 
about  9  miles  in  length  connecting  the  Kennebec  River  at  Bath,  Me., 
with  the  tidal  waters  of  the  Sheepscx)t  River  to  the  eastwaid  of  it.  It  is 
navigable  for  small  steamers  and  other  vessels  of  light  draught,  and 
affords  a  short  communiciition  between  the  Kennebec  River  and  the 
to^yns  of  Westport,  WLscasset,  Boothbay,  Southport,  and  other  places 
on  and  near  the  waters  of  the  Sheepscot.  At  "the  Guf  (or  more  com 
monly  called  the  "  Upper  Hell  Gate  "),  which  is  about  two  miles  distani 
fiom  the  city  of  Bath,  the  navigation  of  this  river  has  aheady  been  verj 
much  improved  in  its  most  difficult  places  under  appropriations  niad( 
therefor,  by  Congress,  in  1870  and  1871,  amounting  to  $10,500.  On  re 
ferring  to  my  annual  rei)ort  of  1873,  it  will  be  seen  that  these  appropri 
ations  have  been  applied  to — 

1.  The  breaking  up  and  removal  of  Boiler  Rock  (a  large  and  very  dan 
gerous  rock  in  mid-channel  at  the  Upper  Hell  Gate),  so  a«  to  have  a  depti 
of  10  feet  at  mean  low-water,  or  IG^  feet  at  mean  high-water. 

2.  The  breaking  up  and  removal  of  a  ledge  between  Boiler  Rock  mw 
the  north  shore,  to  a  depth  of  9  feet  at  mean  low- water. 

3.  The  removal  of  two  wrecks  of  vessels  l>ing  in  mid-channel  abov 
and  near  Ujiper  Hell  Gate. 

4.  Dredging  a  channel  through  the  bar  next  above  Upper  Hell  Gat 
to  a  width  of  100  feet,  and  a  depth  of  10  feet,  at  mean  low- water,  or  16 
feet  at  ordinary  high-water. 

5.  The  breaking  up  and  removal  of  points  of  ledge  which  projecte 
into  the  river  from  its  southern  shore  at  the  Upper  Hell  Gate,  wherel) 
its  water-way  has  been  much  increased,  and  the  velocity  of  the  current 
much  diminished.  This  work  was  completed  in  1872 ;  and  the  improv 
ments  have  benefited  the  commerce  and  na\igation  of  this  river  to  sue 
an  extent,  and  have  given  such  an  impetus  thereto,  that  those  who  ai 
interested  therein  are  now  very  desirous  of  having  more  work  doi 
for  its  further  improvement,  as  follows,  viz :  1  st,  to  have  the  shoal  ne: 
above.  Upper  Hell  Gate  excavated  to  a  depth  of  12  feet  at  mean  lo\ 
water ;  2d,  to  have  the  passage  through  Upper  Hell  Gate  opened  to 
still  greater  width  so  as  to  diminish  the  velocity  of  the  ciUTcnt ;  an< 
3d,  to  have  some  projecting  points  of  ledges  and  sunken  rocks  belo 
Boiler  liock  broken  up  and  removed  so  as  to  render  safe  and  practici 
ble  the  direct  channel  on  the  northward  and  eastward  of  Marsh  Islan 
and  thereby  avoid  the  present  crooked  channel  south  of  the  island. 

In  the  absence  of  special  siu'veys  to  ascertain  with  gieat  accurac 
the  extent  and  probable  cost  of  this  additional  work  for  the  further  in 
provement  of  this  river  at  the  Gut  (so  called)  opposite  Bath,  Me.,  tl 
following  approximate  estimate  of  cost  is  submitted,  viz : 

1.  For  (Iredjjjing  Hboal  above  Up])er  HeU  Gate  to  a  de])th  of  12  feet  at  mean 

low-water,  20,000  cubic  yards,  at  30  cents  per  cubic  yanl ^,  000  < 

2.  Widening  tlie  passaj^e  tbrougb  IJpper  HeU  Gate,  1,000  cubic  yartls  of  ledge 

excavation,  at  |4  per  cubic  yard 4,  000  ( 

3.  Breaking  up  and  removing  160  cubic  yards  of  snnken  ledge  from  tlie 

cbannel  on  the  north  and  east  side  of  Marsh  Island,  at  fi35 5,  600  ' 

4.  For  engineering  expenses  and  other  contingencies,  say 1,  400  < 

Total 17,000  ) 

On  making  inquiry  of  those  who  are  be.st  informed  in  regard  to  tli 
nature  and  extent  of  the  navigation  and  commerce  of  this  river  and  i 
what  extent  the  jjublic  interests  would  be  benelited  by  the  further  in 
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provemeiit  of  the  river  as  proposed,  the  following  infonnation  has  been 
received,  viz :  *' This  is  tlie  principal  route  of  tiavel  to  and  from  the 
towns  of  South  Bristol,  Boothbay,  Southport,  Westport,  and  Geor^je- 
town.  The  i^rowth  of  the  oil  and  fishing  business  has  iulded  largely, 
during  the  past  ten  years,  to  the  popiUation  and  business  of  tliese 
towns,  more  especially  to  Bristol  and  Bcmthbay ;  and  the  latter  place  is 
DOW  extensively  resorted  to  by  i)leasure  ti'avelers  in  the  siunmer  sea- 
son. The  Eastern  Ste^imboat  Company  has  for  several  years  nm  a  line 
of  boats  between  Bath  and  Boothbay,  running  two  steamers  daily  dur- 
ing the  summer  seiison,  and  one  daily  for  the  rest  of  the  year.  Their 
business  amounts  to  20,000  to  22,000  passengers  each  season,  and  the 
principal  mail  goes  by  them.  During  the  summer  months  a  steamer 
runs  from  Aug^iista  to  Boothbay  by  this  route.  Coasting-vessels  bound 
eaHt  from  the  Kennebec,  if  not  of  too  large  size,  use  this  passage,  as  it 
lessens  the  clisrtane«  very  materially.  All  the  traffic  between  the  towns 
m  the  Kennebec  and  those  mentioned  above,  which  is  very  considera- 
ble, goes  by  this  route. 

Tbe  hirge  lumber  mills  at  Wiscasset  and  Westport  are  supplied  with 
logs  from  the  Kennebec,  which  all  go  through  Hell  Gate  passage  by 
means  of  tug- boa t«. 

Verj'  respectfully',  yoiu*  obedient  servant, 

Geo.  Thom, 
Lmit  Col.  of  Engineers  J  Btt,  Brifj.  Oen.,  V,  S.  A. 
Brig.  Gen.  A.  A.  Huxphreys, 

Chief  of  I!n{fin€er8j  U.  8.  A, 


A  6. 

IMPROVEMENT  OF  PORTLAND  HARBOR,  MAINE. 

Under  appropriations  amounting  to  $61,330,  ma<le  by  acts  of  Congress 
in  tbe  years  18:30,  1837,  and  18*38,  for  the  improvement  of  this  harbcu*,  a 
stone  breakwater  was  built  on  Stanford's  Ledge  for  a  length  of  1,763 
fiwt,  of  which  1,0:30  feet  only  was  capped  and  completeil. 

For  completing  this  breakwater  and  all  the  other  projected  improve- 
ments of  this  harbor,  the  following  additional  appropriations  have  since 
been  made,  viz : 

Bv  K!t  apprcived  Jnne  23,  1866 $105,111  05 

Hv  a<rt  apprwved  July  11,1870 10,000  00 

Bv  act  approved  March  3,  1871 40,000  (K) 

BV  act  approved  June  10,  1872 45,000  00 

Bv  act  approved  March  3,  1873 50,  0(K)  00 

BV  act  approved  June  23,  1874 20,000  00 

By  act  approved  March  3,  1875 20,000  00 

Total 290,  lit  05 

Of  which  there  haa  heen  expended  up  to  July  1,  1878,  the  sum  of 248, 202  67 

Leaving  available  the  sum  of 41,908  38 

Under  the  approi)riation8  made  from  18()6-'75,  the  following  additional 
work  has  been  done  to  date,  for  the  improvement  of  this  harbor,  viz : 

1.  The  breakwater  has  been  extended  for  a  length  of  217  feet,  and  a 
granite  pier  25  feet  in  diameter  built  at  its  outer  extremity,  and  950 
linear  feet  of  capi>iiig  placed  upon  the  breakwater  in  completion  of  same. 
Thi«  breakwater  lias  now  a  total  length  fineludiiig:  it«  terminal  pier")  ot 
2,0a3  feet. 


200         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

2.  A  channel  has  been  dredged  through  the  Middle  Ground  Bar  to  a 
width  of  500  feet,  and  to  a  depth  of  21  to  22  feet  at  mean  low-water,  or 
31  feet  at  ordinary  high- water. 

3.  A  channel  has  been  dredged  through  the  "spit"  in  front  of  the 
Grand  Tnuik  Kailway  wharves  to  a  width  of  100  feet  at  its  inner  end  and 
200  feet  at  its  outer  end,  and  to  a  depth  of  20  feet  at  mean  low-water. 

4.  A  channel  has  been  dredged  in  Back  Bay  from  Tukey's  bridge  up 
to  the  "Stone-shed  wharves"  to  a  width  of  100  feet  and  a  depth  of  S 
feet  at  mean  low- water. 

5.  A  sunken  wreck  has  been  removed  from  the  main  ship-channel 
between  Forts  Preble  and  Scammel. 

6.  The  foundation  of  the  oldest  portion  of  the  breakwater  has  been 
repaired  throughout  its  whole  extent  where  necessar3^ 

7.  All  the  pmjected  dredging  in  front  of  the  Grand  Trunk  Railway 
wharves  has  been*  completed  to  a  depth  of  20  feet  at  mean  low-water, 
and  all  that  in  front  of  the  harbor  commissioners'  line  fi*om  Atlantic 
Wharf  up  to  Merrill's  wharf  to  a  depth  of  about  16  feet  at  mean  low- 
water. 

8.  The  dock  at  Custom-house  Wharf  has  been  deepened  by  2,932  cubic 
yards  of  dredging,  the  same  having  been  authorized  by  the  department 
upon  the  request  of  the  honorable  Secretary  of  the  Ti^easury. 

The  total  quantity  of  (fredging  thus  far  done  for  the  imi)rovement  of 
this  harbor  amounts  to  370,024  cubic  yards. 

All  the  work  that  has  been  projected  for  the  improvement  of  this  har- 
bor has  been  com])leted,  with  the  exception  of  about  100,000  cubic  yards 
of  dredging  outride  the  harbor  commissioners'  line  above  Merrill's  wharf, 
for  the  completion  of  whicli  the  funds  now  available  are  sufficient,  so  that 
no  further  apx)ropriation  is  needed  for  this  harbor. 

In  regard  to  the  dredging  that  remains  to  be  done  above  Merrill's 
wharf  outside  the  harbor  commissioners'  line,  it  has  been  decided  to 
defer  the  work  until  Browii's,  Boston  and  Maine  (formerly  Smith's), 
Hobson's,  and  other  wharves  which  project  beyond  the  harlx>r  commis- 
sioners' line,  shall  have  been  cut  off  up  to  that  line,  for  the  reason  that 
this  work  of  improving  the  harbor  in  front  of  that  line  was  initiated  and 
recommended,  and  all  the  ai>propriation8  made  therefor  in  1873, 1874,  and 
1875,  aggregating  $90,000,  have  been  asked  for,  Avith  the  understanduig 
that  those  projecting  wharves  should  first  be  removed  in  onler  to  make 
the  contemplated  improvement  eftective  and  lasting ;  for  so  long  a«  those 
wharves  are  permitted  to  project  outside  the  harbor  commissioners'  line, 
so  long  will  the  eddies  and  shoals  continue  to  exist  above  and  below 
those  whan  es. 

The  above  described  works  are  situated  in  the  coUection  district  of  Portland  and 
Falmonth,  Me. 

The  foUo^ving  information  in  regard  to  the  commerce  and  revenue  of 
the  port  of  Portland  and  Falmouth  for  the  year  ending  December  31, 
1877,  has  been  furnished  by  the  United  States  collector  of  customs  at 
that  port : 

Amount  of  revenue  coHect^d t!386, 130  56 

Vabie  of  imports 12, 79'),  039  00 

Value  of  exports 14,978,328  00 

Number.        Tons.  Crew. 

Coastwise  arrivals 742        635,  403        13,361 

Coastwise  clearances 61^5        597,651         12,427 

Foreign  arrivals 402        179,327  4,952 

Foreign  clearances 302        220,243  5,819 

Number  of  vessels  built  in  the  district 9 

Aggregate  tonnage  of  same 6,368 
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Maney  statement 

M\  I,  ISrr,  amount  available ! $42,930  10 

July  1, 1878,  amount  expended  during  fiscal  year 1,  021  72 

July  1,1878,  amount  available. 41,908  38 


A  7. 

IMPROVEMENT  AT  RICHMOND'S  ISLAND,  MAINE. 

This  work  consists  in  making  a  harbor  of  refiige  by  means  of  a  stone 
breakwater  ex)niiecting  the  island  with  the  mainland,  the  length  of  the 
breakwater  to  be  al>oiit  2,000  feet,  with  an  average  thi<'knes8  of  30  feet 
and  a  height  of  13  feet  above  mean  low-water. 

In  my  rei)ort  to  the  department,  dated  May  10,  1867,  the  following 
estimate  of  the  cost  of  this  breakwater  was  submitted : 

6t'.LMU4ius  of  rubble-stone,  at  $1.25 $85,000  00 

Adding  10  per  cent,  for  contingencies 8,  500  00 

Total 93,500  00 

A  capping  for  this  work  was  not  estimated  for  on  account  of  the  great 
increase  of  cost ;  but,  as  then  stated,  should  it  hereafter  be  found  neces- 
sary, in  onler  to  resist  the  action  of  the  sea,  which  is  not  probable,  it 
coidd  be  added. 

The  following  appropriations  have  been  made  by  Congress  for  this 
work,  viz : 

Bv  act  approve<lJune  10,  1872 $20,000  00 

BTact  approved  March  3, 1873 60,000  00 

By  act  approve<l  March  3,  1875 15,000  00 

By  act  approved  June  18,  1878 6,  000  00 

Total 101,000  00 

Under  the  appropriations  made  in  1872-75,  five  separate  contracts 
were  made  fi'om  time  to  time  (as  specified  in  the  annual  reports  for  the 
fiscal  year  ending  June  30, 1876)  for  furnishing  stone  for  this  breakwater, 
by  which  58,000  tons  have  been  furnished  and  placed  upon  the  work. 
With  the  appropriation  of  $6,000  made  by  act  of  June  18,  1878,  it  is 
probable  that  4,000  tons  of  stone  can  be  pui'chased  and  placed  upon  the 
work,  so  that  to  finish  it  as  originally  projected  will  requii-e  about  6,000 
ton/*  more,  the  estimated  cost  of  which,  including  contingencies,  is 
10/100,  thereby  making  the  total  cost  of  the  work  completed  $110,000, 
which  is  f  16,500  in  excess  of  the  original  estimate.  This  excess  is  owing 
to  the  greater  cost  of  the  stone  than  was  originally  estimated,  the  quan- 
^ty  being  the  same. 

Money  statement. 

•^00^  appropriated  l>y  act  appro  vedJune  18,  1878 $6,000  00 

^J^yl,  l&7f^,  amount  available 6,  000  00 

unt  (eeitimat^^cl)  re^^iired  for  completion  of  existing  project 9,  000  00 

that  can  be  protitaby  eicpended  in  fiscal  year  ending  June  30, 1880  . .  9, 000  00 
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A  8^ 

IMTROVEMENT  OF  KENNEBUNK  RIVER,  MAINE. 

By  an  act  of  Cong:re8s  of  1798  pixi\ision  was  made  for  keeping  in 
repair  a  jiiex  built  at  the  mouth  of  this  river  for  the  improvement  of  its 
navigation,  and  by  several  subsequent  acts,  from  1829  to  1852,  appropria- 
tions amounting  to  $44,175  were  made  for  the  further  imj)roveuient  of 
this  river  at  and  near  its  mouth. 

These  works  consisted  of — 

1.  A  stone  i>ier,  about  000  feet  in  length,  on  the  eastern  side  of  the 
channel  at  the  mouth  of  the  river,  \iith  a  light-house  (since  destroyed 
by  storms)  on  its  outer  extremity,  and  a  wooden  catch-sand,  about  160 
feet  in  length,  leading  from  the  inner  end  of  the  pier  to  the  eastern  bank  * 
of  the  river.  This  pier  and  «&atch-sand  served  as  a  protection  to  the 
entrance  from  easterly  storms,  as  well  as  to  prevent  the  sand  from 
being  driven  into  the  channel  above. 

2.  A  stone  pier,  al)out  290  feet  in  length,  on  the  western  side  of  the 
channel  at  the  mouth  of  the  river,  with  a  wooden  catch-sand,  about  160 
feet  in  length,  leading  from  the  inner  end  of  the  pier  to  the  western 
bank  of  the  river.  This  pier  and  catch-sand  servecl  a  similar  purpose 
on  the  western  side  of  the  river. 

3.  A  crib-work  wharf  ballasted  with  stone,  about  300  feet  in  length, 
built  on  the  eastern  side  of  the  river,  about  one-eighth  of  a  mile  ab<)ve 
its  mouth,  for  the  seciuity  of  vessels  while  detained  by  tides  and  storms. 

Since  the  completion  of  the  above  works,  the  following  additional 
appropriations  have  been  made  by  act  of  Congi'ess  for  the  improvement 
of  this  river,  viz : 

Bvactof  July  11,  1870 $5,000 

By  act  of  March  3,  1871 5,000 

By  act  of  August  14,  1876 5,000 

Total 15,000 

Under  the  appropriation  of  1870,  the  catch-sand  or  wing  connecting 
the  inner  end  of  the  pier  with  the  eastern  bank  of  the  river,  which  had 
been  destroyed  by  storms,  was  replaced  by  a  jjermanent  stone  work, 
and  some  repairs  were  made  where  most  nex^essary  on  the  stone  piers 
and  on  the  wharf  above. 

Under  the  approin'iation  of  1871,  the  catch-sand  or  wing  connecting 
the  inner  end  of  the  western  i)ier  with  the  river  bank,  ha\ing  also  been 
destroyed  by  storms,  it  wa^^  replaced  by  a  pennanent  stone  work,  and 
additional  repairs  were  mtule  on  tlie  piers  and  wharf. 

Under  the  appropriation  of  $5,000  made  by  act  of  August  14,  1870, 
the  following  work  has  been  done  during  the  past  fiscal  year.  This  ap- 
proiniation  was  based  ui)on  a  project  and  estimate  for  deepening  the 
channel  of  the  river  above  the  government  wharf,  at  the  "Wading 
Place''  and  at  Mitchell's  Point  (wliere  the  most  serious  obstructions  to 
its  navigation  were  to  be  found),  so  as  to  have  a  depth  of  not  less  than 
4  feet  at  mean  low- water,  or  13  feet  at  mean  high- water.  A  contract  was 
made  June  7,  1877,  for  the  di*e<lging  required  at  those  two  locations,  with 
Messrs.  George  C.  Fobes  &  Co.,  of  Portland,  Me.,  the  lowest  biddei's,  at 
50  cents  i>er  cubic  yard,  which  was  completed  by  them  on  the  29th  of 
September  last,  with  0,450  cubic  yards  of  dredging.  In  addition  to  this 
work,  extensive  repairs  have  been  made,  where  most  necessary,  on  the 
stone  piers  at  the  mouth  of  the  river  as  well  as  on  the  government  wharf.  < 
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An  accurate  survey  has  also  been  made  of  the  river  in  order  to  ascertain 
what,  if  any,  additional  work  is  necessaiy  for  the  completion  of  its  im- 
provement to  the  extent  demanded  by  the  very  lar^e  amount  of  ship 
building  and  other  important  business  carried  on  in  that  river.  This 
survey  shows  the  necessity  of  the  following  a^lditional  work,  viz : 

1.  The  breaking  up  and  removal  to  a  di^ptli  of  4  feet  at  mean  low-water 
of  thenunken  leilgen  near  the  moiitli  of  Gooch  Creek  (marked  A  and  B 
on  theai^-eompianying  drawing*  ),aH  weUaHtlie  Hunken  ledge  helow  Ward's 
wharf  (marked  C  on  the  drawing),  aggregating  20  cubic  yardn,  the 
ftstiiuated  co«t  of  which,  at  ^5  ]wr  cubic  yard,  is ^00  00 

2.  Straightening,  widening,  and  deepening  the  channel  of  the  river  by 
drwlging  at  the  shoaln  and  points  marke4l  D,  E,  F,  G,  and  H,  on  the 
ae-eoiupanying  drawing,  aggregating  about  7,(500  cubic  yards,  the  esti- 

oiated  end  of  which,  at  50  cents  per  cubic  yanl,  is 3, 800  00 

1  Rebuihling  of  ])ortion«  of  the  goveniment  wharf,  and  of  the  stone  pier 

on  the  w€«t^m  side  of  the  river  at  its  mouth,  say 800  00 

Adding  for  contingencies,  say •.. 700  00 

Total 6,000  00 

This  river  lies  within  the  collection  district  of  Kennebunk,  of  which 
Kennebunk  is  the  port  of  entry. 

The  following  information  as  to  the  revenue  and  commerce  of  the  port 
of  Kennebunk,  JVIe.,  for  the  year  ending  December  31,  1877,  has  been 
furnished  by  the  Uiuted  States  collector  of  customs  at  that  place,  viz : 

Aiucmut  of  revenue  coUected,  $787.18;  number  of  arrivals  and  departures  of  foreign 
and  domestic  vessels,  estimated  at  100  each.  Number  of  vessels  built,  12,  with  an 
aggregate  tonnage  of  5,882.35,  the  largest  of  which  measured  2,001.91  tons. 

Money  statement, 

July  1, 1877,  amount  available f4,992  00 

Jnly  1,  1878,  amount  expended  diuring  fiscal  year 4,992  00 

imoQnt  (estimated)  required  for  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  6,  000  00 


A  9. 

IMPROVEMENT  OF  COCHECO  RIVER,  NEW  HAMPSHIRE. 

Cocheco  River  runs  through  the  city  of  Dover,  N.  H.,  and  3  miles  be- 
low to  the  lowest  bridge.  It  unites  with  the  Salmon  Falls  River,  and 
forms  the  Piscataqua  River,  from  which  point  down  to  its  outlet  into 
Portsmouth  Harbor,  New  Hampshire,  a  distance  of  about  9  miles,  the 
PLscataqua  River  separates  the  Strifes  of  Maine  and  New  Hampshire. 

Hie  Piseataqua  and  Cocheco  Rivers  are  navigable,  in  their  lowest 
sommer  stages,  with  not  less  than  6  feet  of  water  at  mean  low-water,  or 
about  13  feet  at  mean  high -water,  from  Portsmouth  Harbor  up  to  the 
foot  of  the  Lower  Narrows  in  Cocheco  River,  distant  about  IJ  miles  be- 
low the  lowest  bridge  at  Dover.  At  the  Lower  Narrows  and  above,  na\i- 
gation  has  been  much  impeded  by  ledges,  bowlders,  and  shoals,  having 
from  6  niches  to  2  feet  only  of  water  on  them  at  mean  low- water,  the 
average  rise  and  fall  of  the  tides  being  about  7  feet  at  the  Lower  Nar- 
rows. 

The  original  project  for  the  improvement  of  this  river,  based  on  an 
examination  made  in  1870,  consisted  of  making  a  channel  not  less 
than  40  feet  in  width  and  4  feet  in  depth,  at  mean  low- water,  from  the 

*  Drawing  forwarded  on  separate  roll. 
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foot  of  the  Lower  Narrows  up  to  Collins's  wharf  (at  the  head  of  the  1 
per  Narrows),  the  estimated  cost  of  which  was  $45,000,  as  shown  in 
annual  report  of  1871.  More  accurate  and  extended  surveys,  si 
made,  have  shown  the  practicability  and  importance  of  extending  1 
improvement  up  to  the  Packet  Landing,  tlie  total  estimate  of  which 
now  amended,  is  $85,000. 

The  following  appropriations  have  been  made  by  Congress  for 
improvement  of  tliis  river,  as  now  projected,  viz: 

By  act  approved  March  3,  1871 $10,00 

By  act  approvedJune  10,1872 10,00 

By  act  approved  March  3,  1873 10, 00 

By  act  approved  June  23,  1874 10,00 

By  act  ajjproved  March  3,  1875 25,  OC 

By  act  api)roved  August  14,  1876 14,  OC 

By  act  approved  June  18,  1878 6, 0( 

Total 85,  0( 

Under  the  several  appropriations  made  firom  1871  to  1875,  inclut 
contracts  have  been  maile  from  time  to  time,  as  stated  in  the  last  am 
report,  whereby  the  following  work  has  been  done  up  to  this  date, 

1.  A  channel  has  been  opened  through  the  ledge  at  the  Upper  ] 
rows  for  a  length  of  430  feet  and  to  a  width  of  40  feet  and  a  depth 
feet  at  mean  low- water,  or  about  11  feet  at  oixlinary  high-water,  re< 
ing  about  1,255  cubic  yards  of  rock  excavation. 

2.  A  channel  has  been  opened  through  the  ledge  next  above 
Ui)per  Narrows  for  a  length  of  200  feet  and  to  a  width  of  40  feet  ai 
depth  of  4  feet  at  mean  low-water,  requiring  1,108  cubic  yards  of  e 
vation  of  ledge,  bowlders,  clay,  &c. 

3.  The  channel  at  and  near  the  Lower  Narrows  has  been  nearly  < 
pletexl  by  the  removal  of  about  600  cubic  yards  of  sunken  ledge 
bowlders ;  and  numerous  scattered  bowlders  which  were  dangerouj 
stnictions  to  navigation  at  Trickey's  Shoal,  Clements  Point  Shoal, 
elsewhere,  have  been  broken  up  and  removed. 

4.  The  channel  has  been  opened  by  dredging  through  the  shoals 
existed  between  the  Ui)per  Narix)ws  and  Packet  Landing,  requi 
7,108  cubic  yards  of  di^edging. 

Under  the  approi)riation  of  $14,000,  made  by  the  river  and  harbor  a 
August  14,  1876,  the  following  additional  w^ork  has  been  done  du 
the  past  fiscal  year,  viz : 

A  contract  was  made  June  12, 1877,  with  the  Atlantic  Dredging  ( 
pany,  of  BrooklyTi,  N.  Y.,  the  lowest  of  three  bidders,  for  the  dred 
near  the  Packet  Landing,  at  49  cents  per  cubic  yard,  as  measured  i 
bed,  and  for  the  dredging  at  Clement's  Point  Shoal  and  below^,  a 
cents  per  cubic  yard,  as  measured  in  the  scows,  and  operations  ^ 
commenced  at  once  by  this  company  arid  continued  until  satisfact^ 
completed  on  the  23d  of  November  last  by  12,371  cubic  yards  of  dr 
ing. 

Under  this  contract  all  the  projected  dredging  abave  the  Upper 
rows  has  been  completed,  as  well  as  at  Clement's  Point  Shoal  and  be 
including  a  basin  which  has  been  excavated  near  Packet  Landing 
a  length  of  about  800  feet  and  an  average  width  of  140  feet  to  a  d 
of  4  to  5  feet  at  mean  low-water  (or  about  11  feet  at  mean  high-wj 
in  the  lowest  summer  stage  of  the  river.  Tliis  basin  furnishes  the  m 
sar3^  room  for  the  greatly  increased  commerce  of  this  river,  as  wel 
for  the  prospective  additional  trade,  for  which  new  wharf  facilities  1 
recently  been  built. 

Submarine  work  has  also  been  carried  on  during  the  past  yeai 
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the  removal  of  sunken  ledges  and  bowlders  at  and  near  Clement's  Point 
Shoal,  Trickey's  Shoal,  the  Upper  and  Lower  Narrows,  and  at  Dover 
Point,  resulting  in  the  breaking  up  and  removal,  altogether,  of  about 
300  cubic  yards  of  sunken  rock.  This  work  was  completed  in  August 
last. 

By  the  oi^erations  of  the  past  year,  all  the  work  hitherto  projected  for 
the  improvement  of  this  river  has  been  completed,  with  the  exception 
of  the  excavation  of  the  channel  through  the  sunken  rocks  at  Gulf  Shoal 
next  below  the  Ux^per  Narrows,  for  which  the  ftinds  now  available  will 
probably  be  sufficient. 

Money  statement 

July  1,1877,  amount  available $11,228  08 

Amount  appropriated  by  act  approved  June  18,  1878  .......        6,  000  00 

|17, 228  08 

July  1,  1878,  amount  expended  during  fiscal  year 10,  332  25 

July  1,  1878,  amount  available 6,  895  83 


A  ID. 

IMPROVEMENT  OF  MERRIMAC  RIVER,  INCLUDING  THE  HARBOR  OF  NEW- 

BURYPORT,  MASSACHUSETTS. 

The  project  for  tbe  improvement  of  this  river  consists  in  deepening 
its  shoals  by  dredging  and  the  removal  of  sunken  rocks  from  it«  channel, 
80  that  it  shall  have  a  depth  of  12  feet  at  ordinary  high-water  from  its 
mouth  in  Newburj'port  Harbor.  Massachusetts,  up  to  Haverhill  (a  dis- 
tance of  15  miles),  and  thence  for  a  distance  of  about  4  miles  up  through 
^the  falLs"  a  depth  of  4  feet  in  the  ordinary  stages  of  the  river;  and 
that  for  the  improvement  of  Newburyi^ort  Harbor,  in  the  removal  of 
North  and  South  Gangeway  Rocks  to  a  depth  of  9  feet  at  mean  low- 
water,  the  removal  of  "The  Boilers"  (sunken  rocks  near  the  city  wharves) 
to  a  depth  of  5  feet  at  mean  low- water,  and  the  removal  of  a  sunken 
wreck. 

Tlie  total  estimated  cost  of  all  the  work  necessary  for  these  improve- 
ments was  $147,(KH),  as  specified  in  Lieutenant-Colonel  Thom's  la,st 
annual  report,  for  which  the  following  appropriations  have  been  made 
by  Congress,  \nz : 

Bv  act  of  Jaly  11,  1870,  for  the  improvement  of  Merrimac  River,  Massa- 
'ehiwettH ^25,000  00 

By  act  of  March  3,  1871,  for  improvement  of  Merrimac  River,  above  Hav- 
erhm,  Ma88 25,000  00 

Bv  act  of  June  10,  1872,  for  improveiheut  of  Merrimac  River,  above  Hav- 
Vriiin,  Mass 25,000  00 

By  act  of  March  3,  1873,  for  improvement  of  Merrimac  River,  Massachu- 
setts        25,000  00 

By  act  of  June  23, 1874,  for  continuing  the  improvement  of  Merrimac  River, 
Maasachusett* 10,000  00 

By  act  of  March  3,  1875,  for  improvement  of  Merrimac  River,  Massachu- 
setts        12.000  00 

By  act  of  June  18,  1878,  for  improving  Merrimac  River,  Massachusetts, 
below  Mitcheirs  FalU* 10,000  00 

Total ^ 132,000  00 

Of  which  amount  there  had  been  expended  up  to  July  1, 1878,  for  improv- 
ing this  river  and  harbor  the  sum  of 121, 819  90 

Lwringthen  available  the  sum  of 10,180  10 
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i 
The  following  work  has  been  done  to  date,  viz :  ! 

1. — FOB  THE  niPBOVBMBNT  OF  THE  RIVER  ABOVE  NEWBtTRYPORT. 

The  channel  completed  at  Hazeltiue  Rapids,  Lower  Falls,  and  Upper 
Falls  (above  Haverhill,  Mass.),  so  as  to  be  navigable  throngh  "thefelLs'' 
for  a  depth  of  4  feet,  in  all  stages  of  the  river,  except  in  an  uiuisually  low 
stage,  resulting  from  shutting  ofif  the  water  at  the  La\iTence  Mills  on 
Sundays  and  at  night.    Shoals  ckedged  and  sunken  bowlders  removed 
from  the  channel  at  and  near  Rock's  Bridge  (6J  miles  below  Haverliill), 
including  Little  CiuTier  Rock  above  and  Petty  Rock  below  the  bridge, 
greatly  improving  this  the  most  dangerous  i)art  of  the  river  below  Hav- 
erhill; the  channel  has  been  opened  by  dredging,  for  a  width  of  1(K)  feet, 
to  the  projected  depth,  viz,  12  feet  at  ordinary  liigh-water,  at  Cunier's 
Shoal  (distant  about  5  miles  below  Haverhill);  also  to  the  same  depth, 
and  for  a  width  of  75  feet,  at  the  shoals  near  the  head  and  foot  of  Silsby's 
Island,  from  1  to  2  miles  below  Haverhill.    The  shoal  between  the  two 
bridges  at  Haverhill  has  also  been  improved  by  dredging  so  as  to  have 
a  channel  10  fe^»t  in  depth  at  ordhiary  high-water,  and  numerous  large 
bowlders  have  been  removed  from  the  channel  at  and  near  "the  falls'' 
above  Haverhill. 

During  the  past  fiscal  year  about  80  tons  of  bowlders  have  been  re- 
moved from  the  channel  near  the  head  of  Silsby's  Island,  whereby  it  has 
been  much  improved. 

2. — ^FOB  THE  IMPBOVE^CENT   OF  NEWBUBYPOBT  HABBOB. 

Tlie  main  (south)  Gauge  way  Rock  broken  up  and  removed  to  a  depth 
of  9  feet  at  mean  low-water,  and  a  commencement  made  ui)on  the  re- 
moval of  Noith  Gangeway  Rock,  and  the  wreck  of  the  schooner  Globe 
also  broken  up  and  removed,  leaving  yet  to  be  done  the  removal  of 
Noith  Gangeway  Rock  and  "  The  Boilers." 

The  following  is  the  estimated  cost  of  the  completion  of  the  work  now 
projected  for  the  improvement  of  Kewburyport  Harbor,  to  wit: 

1.  Completing  tlie  removal  of  North  Gangeway  Rock  to  a  depth  of  9  feet 

below  mean  low  water,  say  360  cubic  yardrt,  at  S40  per  cubic  yard |il4,  400  00 

2.  For  breaking  up  and  removing  "The  Boilers"  to  a  depth  of  5  feet  at 

mean  low  water,  say  352  cubic  yards,  at  $25  i)er  cubic  yard 8,  800  00 

Adding  for  contingencies,  say ;. 1,  S(fO  00 

Total 25,000  00 

The  following  information  in  regard  to  the  revenue  and  commerce  of 
the  port  of  Newburyport,  Mass.^  for  the  year  ending  December  31 ,  1877, 
has  been  furnished  by  the  United  States  collector  of  customs  at  that 
place,  viz: 

Amount  of  revenue  collected S97, 1:^2  39 

Value  of  exports 1^5, 175  73 

Value  of  imports 365,506  :» 

Numl>er  of  vessels  entered  from  foreign  ports 29 

Numl>er  of  vessels  cleared  for  foreign  ])orts 26 

Number  of  vessels  ent^ered  from  domestic  ports 592 

Number  of  vessels  cleared  for  domestic  ports 496 

Number  of  vessels  built i  5 

Aggregate  tonnage  of  same 3,  983.05 
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Money  statement 

Jnlyl,  1^  amount  available $1,251  10 

Amimnt  appnipriat4»il  by  act  approved  June  18,  1878 10,  0(K)  00 

$11,251  10 

Jnlyl,  1878,  amount  expended  during  fiscal  year 1,071  00 

Juljl,  1878,  amount  available 10, 180  10 

imoaiit  (estimated)  required  for  completion  of  existing  project 15,  OOf)  00 

imoant  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1880.  15,  000  00 


A  II. 

I31PROVEMENT  OF  BOSTON  HARBOR,  MASSACHUSETTS. 

Hie  several  works  projected  and  ex)minenced  prior  to  180(5  for  the  im- 
provement of  lioston  Harbor  eonsLsted  of  the  sea-walls  on  Deer  Ishmd, 
Rainsford  Island,  LovelFs  Island,  and  Great  Brewster  Island.  The  three 
on  Deer  Island  Avere  l)nilt  under  appropriations  made  therefgrin  1825 
tol8;V2,  and  were,  for  the  most  pait,  rebuilt  in  18(>4-'09;  that  oa  Uains- 
fonl  Island  was  built  under  the  appropriations  made  therefor  in  1830 
inill8:V^;  that  on  the  north  head  of  Lo veil's  Island  was  built  in  1843, 
and  that  on  the  southeast  bluff  in  18(>8-'69;  and  that  on  Great  Brewster 
Island  was  commenced  in  1841)  and  completed  in  1809. 

It  api>ears,  on  referring  to  the  annual  reports  from  1806  to  1870,  and 
to  other  records,  that  up  to  1 870  there  had  been  expended  for  the  sea- 
wall on  Rainsford  Island  the  sum  of  $22,353,  and  for  those  upon  Deer 
and  LovelVs  Islands  the  sum  of  about  $322,000,  and  for  that  on  Great 
Brewster  Island  the  sum  of  $209,(M)0. 

The  sea-walls  on  Deer,  Lovell's,  and  Great  Brewster  Islands  were  under 
the  charge  of  Col.  H.  W.  Benham  from  March,  1800,  to  March,  1873, 
when  they  were  transferred  to  the  charge  of  Lieut.  Col.  George  Thom, 
Corps  of  Engineers. 

In  1860  new  works  for  the  fiirther  improvement  of  this  harbor  were 
projected  by  the  Board  of  Harbor  Conunissioners  of  the  State  of  Massa- 
chusetts, for  which  they  submitted  the  following  estimate,  to  wit: 

For  the  improvement  of  the  channel  ncrom  the  Upj>er  Middle  Bar  by  dredj?- 
ing  a  channel  213  feet  deep  at  mean  low-water,  and  1,000  feet  wide,  at  a 
total  estimated  cost  of $157,  085  00 

For  the  improvement  of  the  channel  at  the  NarrowB  by  dredpng  oft'  the 
poQthw^t  point  of  LovelFs  Inland  and  the  extremity  of  (Jreat  Brewster 
Spit,  so  as  to  widen  the  channel  to  685  feet  at  23  leet  depth  of  water,  at 
1  total  estimated  cost  of 188,  805  00 

For  the  improvement  of  the  channel  at  the  Narrows  by  blasting  of  Tower 
Rock  and  Corwin  Rock,  at  an  estimated  cost  of 20, 000  00 

For  the  preservation  of  the  north  hea<l  of  Long  Island  by  the  construc- 
tion of  a  sea-wall,  at  an  estimated  cost  of 150, 000  00 

For  the  preservation  of  the  north  end  of  Gallop's  Island,  by  the  construc- 
tion of  a  sea-waU,  at  an  estimated  cost  of 103,  585  63 

For  the  preservation  of  Point  Alerton,  by  the  construction  of  a  sea-wall, 
at  an  estimated  cost  of 70, 991  87 

Total 690,467  50 

An  appropriation  ba«ecl  upon  these  estimates  having  been  ma^Ie  by 
C<m«fr»!W  in  March^  1807,  the  late  Lieut.  Col.  John  G.  Foster,  Corps  of 
Engineers,  wa«  a«si|Ernecl  to  the  charge  of  those  works  in  May,  1S07,  and 
they  conrinuecl  luider  his  charge  until  May,  1871,  when  they  were  trans- 
^^rred  to  Lieut.  Col.  George  Thom,  Corx)s  of  Engineers. 
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For  the  several  works  projected  as  above  in  1866,  the  following  ap-  - 
propriations  have  been  made  by  Congress  to  date,  viz : 

By  act  of  March  2,  1867  (of  which  $75,000  was  anotted  to  the  sea-waUs 

ou  Deer,  LovelPs,  and  Great  Brewster  Islands) $375, 000  00 

Under  act  of  July  25,  1868  (of  which  $10,000  was  allotted  to  the  sea- 
wall ou  Gi"eat  Brewster  Island) 43,00000 

Under  act  of  April  10,  1869 83,000  00 

Bvactof  Julv  11,  1870 100,000  00 

By  act  of  March  3,  1871 100,000  00 

By  act  of  June  2,  1872 75,000  00 

By  act  of  March  3,  1873 150,000  00 

By  act  of  June  23,  1874 100,000  00 

By  act  of  March  3,  1875,  for  the  improvement  of  Boston  Harbor,  Mas- 
sachusetts, $100,000,  providing  that  of  said  amount  $10,000  be  ex- 
pended for  the  improvement  of  Hingham  Harbor,  Massachusetts 90, 000  00 

By  act  of  August  14,  1876 5O,(KK)00 

By  act  of  June  18,  1878 55,000  00 

Total 1,221,000  00 

Of  which  amount  there  has  been  applied  to  sea-walls  on  Deer,  Loveirs, 

and  Great  Brewster,  Islands,  as  above 85,000  00 

The  following  is  a  brief  history  of  each  of  the  works,  completed  and 
uncompleted,  that  have  hitherto  been  projected  for  the  improvement  of 
this  harbor  (including  works  both  prior  and  subsequent  to  those  pro- 
jected a^  above  stated,  in  1866),  viz: 

1. — SEA-WALL    FOE    THE    PROTECTION  AND    PRESERVATION    OF    POINT 

ALBERTON. 

Work  was  commenced  on  this  wall  in  September,  1870,  and  was  com- 
pleted in  May,  1874.  It  was  built  for  the  most  part  under  four  separate 
contracts  with  Mr.  James  M.  Andrews,  of  Biddeford,  Me.,  made,  resi)ect- 
ively,  May  24,  1870;  July  26,  1871;  August  24,  1872;  and  May,  8,  1873. 

The  total  length  of  this  sea-wall,  completed,  is  1,202  feet. 

In  addition  to  this  sea-wall  there  have  been  built  since  July,  1873,  for 
the  protection  of  its  concrete  foundation  where  most  exposeu  to  iiijiuy 
by  storms  and  currents,  1,005  linear  feet  of  granite  aproii,  and  8  jetties, 
in  which  have  been  placed  1,776  tons  of  granite  grout.  This  apron  has 
an  average  width  of  10  feet  and  a  height  of  2  to  3  feet.  It  extends  all 
along  the  4th,  5th,  6th,  7th,  and  8th  faces  ^counting  from  the  east),  Jind 
for  about  55  feet  along  the  1st  fa^^e,  as  well  as  along  the  western  wing- 
wall,  in  order  to  protect  its  junction  with  the  shore-crest.  The  several 
jetties  have  a  length  of  25  to  30  feet,  a  width  of  about  6  to  8  feet,  and  a 
height  of  2  to  3  feet,  and  they  are  placed,  one  at  ea^h  of  the  4th,  5th, 
6th.  7th,  and  8th  angles,  one  each  at  the  middle  of  the  1st  and  7tli  faces, 
ana  at  the  easterly  wing-wall. 

This  sea-wall  is  in  excellent  condition,  and  requires  but  very  few  re- 
pairs; and  the  riprap  apron-work  has  fully  answered  the  purpose  for 
which  it  was  intended. 

2. — SEA-WALL  FOR  THE  PROTECTION  AND   PRESERVATION    OF  GREAT 

BREWSTER  ISLAND. 

This  sea-wall  is  2,800  feet  in  length,  and  was  built  for  the  protection 
and  preservation  of  tlie  north  and  south  heads  of  the  island.  It  was 
commenced  in  1840  and  was  completed  in  1854  for  a  length  of  1,360  feet. 
Its  extension  was  commenced  in  1864  and  completed  in  June,  1870. 
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i— SEA-WAJLL.S    FOB    THE  PROTECTION  AND    PBESBBVATION    OP  LOV- 

ELL'S  ISLAND. 

Two  sea-walls  have  been  built  by  the  United  States  Government  on 
tiiis  island ;  one  in  1843  for  the  protection  of  its  north  liead  for  a  length 
of  803  feet^  and  the  other  in  1868-'69  for  the  protection  of  its  south- 
east bluff  for  a  length  of  about  800  feet 

For  the  protection  of  the  shore-line  south  of  the  north  head-wall,  an 
apron-work  of  large  rubble-stone  was  built  in  1873  for  a  length  of  620 
feet  with  5  jetties  projecting  from  it,  in  which  1,095  tons  of  stone  were 
used;  and  for  the  protection  of  the  shore-line  next  to  the  southern  end 
of  the  soatheastem  sea-wall  a  rubble-stone  apron  110  feet  in  length  was 
also  built  in  1873,  in  which  139  tons  of  stone  were  used.  A  recent  in- 
spection of  these  aprons  shows  that  they  have  fiilly  answered  the  pur- 
pose for  whicli  they  were  intended. 

The  sea-wall  on  the  southeast  bluff  has  been  much  damaged  diuing 
the  past  two  years  by  the  easterly  gales  to  which  it  is  exposed.  It  was 
kiU  in  4  courses,  of  2  feet  each,  on  a  concrete  foundation  and  with  con- 
crete backing,  and  its  baek  filling  of  earth  was  covered  with  a  oobhle-stone 
paving.  It  has,  however,  become  so  much  broken  up  and  scattered,  for 
a  length  of  about  550  feet  of  its  southern  portion,  that  steps  have  been 
taken,  with  the  approval  of  the  department,  to  reconstruct  that  portion 
of  the  wall  and  add  two  more  courses  of  2  feet  each  to  it  and  to  otherwise 
inoease  its  strength,  as  well  as  to  spread  an  apron  of  rubble-stone  in 
front  of  it  for  the  protection  of  its  foundation  and  of  the  shore,  which  has 
been  much  abrad^  of  late.  The  sum  of  $15,000  has  been  appropriated 
for  this  work,  it  being  the  amount  estimated  for  its  completion.  In  re- 
sponse to  an  advertisement  inviting  proposals  for  all  the  stone  required 
for  the  work,  17  bids  were  received  and  opened  on  the  31st  of  May  last, 
an  abstract  of  which  is  hereto  attached.  Contracts  have  been  made  w  ith 
the  lowest  responsible  bidders  for  the  same,  as  follows,  viz : 

With  Mr.  Isaac  A.  Sylvester,  of  Quincy,  Mass.,  for  furnishing  and 
delivering  at  Lovell's  Island — 

f^Te  thonaand  seven  hundred  cubic  feet,  more  or  less,  of  dimension  cnt  granite,  at 
39  cento  per  cubic  foot,  and  500  tons,  more  or  less,  of  split  granite,  for  paving,  at  $1.80 
per  ton  of  2,240  pounds. 

Also  with  the  Cajie  Ann  Granite  Company,  of  Gloucester,  Mass.^ 

One  thousand  one  hundred  tons,  more  or  less,  of  rubble-stone,  at  59  cents  per  ton  of 
2,240  pounds. 

All  this  stone  is  to  be  furnished  and  delivered  before  the  close  of  the 
present  working  season. 

A  landing  h^  been  built  on  the  south  side  of  LovelPs  Island  for  the 
purpose  of  receiving  the  stone  fix)m  the  contractors,  and  a  railway  about 
1,000  feet  in  length  has  been  nearly  completed  leading  from  the  landing 
to  the  sea-wall.  It  is  expected  that  the  reconstruction  of  the  sea-wall 
vill  be  nearly,  if  not  quite,  completed  during  the  present  working  season. 

i— SEA-WAIX    FOB    THE    PROTECTION    AND   PRESERVATION  OF    GAL- 
LOP'S ISLAND. 

This  sea-waQ  i&  1,785J  feet  in  length.  Work  upon  it  was  commenced 
in  1868,  nnd^:*  a  contract  with  Mr.  James  Andrews,  of  Biddeford,  Me., 
Md  was  carried  on  under  that  contract  imtil  the  end  of  April,  1871,  after 
wliich  it  was  continued  with  hired  labor  until  its  completion,  in  the  lat- 
ter part  of  September,  1871. 

14  £ 
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The  violent  storms  and  currents  to  which  this  sea-wall  is  exposed  had 
laid  bare  its  concrete  foundation  to  such  a  degree  as  to  render  necei^sary 
for  its  protection  and  pre8er\' ation  a  rubble-stone  apron  for  nearly  its 
whole  extent,  with  the  addition  of  jetties  in  the  most  exposed  places. 
Tliis  apron  work  was  commenced  in  August^  1873,  and  was  c6mpleted 
in  May,  1874.    It  extends  along  the  sea-wall  for  a  length  of  1,665  feet^ 
being  on  its  most  exposed  faces  10  feet  in  width.    Nine  jetties  have  been 
built  at  and  near  the  angles  of  the  wall,  4  of  which  are  of  split  granite, 
bedded  in  part  in  concrete  laid  in  trenches  and  surrounded  with  a  con- 
crete apron,  each  jetty  being  18  feet  in  length  and  5  feet  in  width.    The 
quantity  of  stone  used  in  this  apron  and  the  jetties  was  about  1,450  tons. 
A  recent  inspection  of  this  work  shows  that  it  is  in  good  condition,  and 
that  the  riprap  apron  work  and  jetties  have  fully  answered  the  puri)08e 
intended. 

5. — SEA-WALL  FOR  THE  PROTECTION  AND  PRESERVATION  OP  THE 

NORTH  HEAD  OF  LONG  ISLAND. 

Work  was  commenced  upon  this  sea-wall  in  August,  1870,  and  was 
completed  in  July,  1874.  It  has  been  built,  for  the  most  part,  under 
lour  separate  contracts  with  Mr.  James  Andrews,  of  Biddeford,  Me., 
made,  respectivelv.  May  24,  1870,  July  26, 1871,  August  23, 1872,  and 
May  8, 1873.    The  length  of  this  sea-wall  is  2,081|  feet. 

In  addition  to  the  sea-wall,  there  has  been  built  for  the  protection 
and  preservation  of  its  concrete  foundation,  where  most  exposed  to  in- 
jury by  storms  and  currents,  a  rubble-stone  apron  for  a  length  of  975 
feet  in  front  of  the  wall,  together  with  10  stone  jetties.  This  apron 
averages  from  8  to  10  feet  in  width  and  from  2  to  3  feet  in  height.  The 
jetties  are  triangular  in  shape  and  project  ftx)m  12  to  20  feet  beyond  the 
apron;  about  900  tons  of  rubble-stone  was  used  for  this  work,  together 
with  a  large  quantity  of  bowlders  and  cobble-stone  found  in  its  immedi- 
ate vicinity.  This  apron  work  was  commenced  in  April,  1874,  and  com- 
pleted early  in  August,  1874. 

A  recent  inspection  of  this  sea-waU  shows  that  it  is  in  good  condition, 
and  that  the  riprap  apron  work  and  jetties  have  fully  answered  the 
purpose  intended. 

6. — SEA-WALLS  FOR  THE   PROTECTION  AND  PRESERVATION  OF    DEER 

ISLAND. 

Under  appropriations  made  by  Congress  in  1825  to  1832,  three  sea- 
walls, aggregating  3,000  feet  in  length,  were  built  for  protecting  the  three 
prominent  heads  of  this  island;  that  at  the  North  Head  being  1,740  feet 
long  and  10^  feet  high  above  its  foundation  and  14  feet  above  ordinary 
high -water;  that  at  the  Middle  Head,  840  feet  long,  17^  feet  high  above 
its  foimdation,  and  12  feet  above  mean  high- water :  and  that  at  the 
South  Head,  420  feet  long,  14 J  feet  high  above  its  loundation,  and  12 
feet  above  mean  high-water.  These  walls  were  built  of  regularly  split 
quarried  stone  with  a  partial  dressing  only,  and  laid  dry  as  headers,  the 
only  backing  being  the  clay  and  gravel  in  rear,  which^  silting  out 
through  the  open  joints,  left,  in  course  of  time,  large  ca\ities  at  several 
places  in  rear  of  the  walls,  resulting  in  much  damage  to  the  walls,  with 
a  probability  of  their  entire  destruction.  To  repair  the  damage  already 
done,  and  to  prevent  its  recurrence  for  the  fiiture,  the  rebuilding  of  the 
wall  on  the  North  Head  was  commenced  in  1864  by  Col.  J.  D.  Graham, 
Corps  of  Engineers,  by  which  its  several  courses,  except  the  lowest,  were 
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Mi  in  mortar  and  backed  with  concrete,  and  otherwise  much  stren^h- 

606(1,  for  a  length  of  abont  300  feet.    This  rebuilding  was  continued 

imtil  the  latter  part  of  1869,  with  the  following  result,  as  reported  by  Col. 

E  W.  Benham,  while  in  charge  of  these  walls: 
The  rebuilding  of  the  wall  at  the  Noi*th  Head,  which  was  commenced 

in  1864,  was  continued  until  its  completion  in  August,  1869,  up  to  which 
time  1,740  linear  feet  of  wall  wa«  taken  up,  relaid,  aud  completed  in  rear. 
Two  spht-stone  jetties,  25  to  28  feet  long,  were  placed,  one  at  about  the 
middle  of  the  main  face  of  the  North  Head  and  the  other  in  a  similar 
position  at  the  Middle  Head  wall. 

The  rebuilding  of  the  wall  at  the  Middle  Head  wa«  commenced  in 
18(j6,  and  completed  in  1867  for  an  extent  of  540  feet;  all  that  then 
appeared  to  be  necessary. 

The  wall  at  the  South  Head  was  completely  rebuilt  in  a  substantial 
manner,  comprising  about  420  running  feet,  in  the  years  1867  and  1868. 

In  his  reiK>rt  for  the  fiscal  year  ending  June  30, 1872,  Colonel  Benham 
states  that  the  3  sea-walls  pertaining  to  these  bluffs  of  Deer  Island  were 
**in  essentially  a  good  condition,  especially  in  the  parts  that  had  been 
reboilt ;  that  a  few  defects  are  found  by  the  falling  or  drawing  out  of 
the  foundation-stones,  even,  in  some  cases,  of  the  parts  rebiult,  from 
ihtvc  not  having  been  taken  up  to  the  lowest  foundation-course,  and 
from  the  great  force  of  the  current  or  waves  along  these  foundations.'' 

In  1876  and  1877  some  repairs  were  made  on  the  wall  at  the  North 
Head,  and  an  inspection  recently  made  shows  that  no  additional  repairs 
are  needed  for  the  present. 

T— STRAIGHTENING,  WIDENING,  AND  DEEPENING  THE  MAIN  SHIP-CHAN- 
NEL AT  THE  WEST  END  OF  GREAT  BREWSTER  SPIT. 

This  work  consisted  in  the  removal  by  dredging  of  the  southern  jwr- 
tion  of  this  spit,  so  as  to  obtain  a  depth  of  23  feet  at  mean  low-water  for 
a  width  of  not  less  than  600  feet,  with  proper  slopes  up  to  the  18-foot 
cune.  A  survey  of  this  locality,  made  in  August,  1872,  showed  that  the 
extreme  westerly  end  of  the  spit  had  so  far  advanced  into  the  channel 
that  the  low-water  line  was  120  feet  farther  out  than  it  was  in  1860,  and 
tlie  18-foot  cnr\  e  was  168  feet  from  that  of  1860. 

Under  the  appropriation  made  by  act  of  June  23, 1874,  for  the  im- 
provement of  this  harbor,  a  contract  was  made  September  3,  1873, 
with  the  !New  England  Dredging  Company,  of  Boston,  Mass.,  the 
bwest  resjwnsible  bidders  for  completing  this  work.  Work  was  com- 
menced under  this  contract  on  the  13th  of  October,  and  continued  until 
the  29th  of  October,  1874^  when  it  was  suspended  for  the  winter.  It  was 
resmned  on  the  11th  of  May,  1875,  the  earliest  date  practicable,  and  was 
eontinued  up  to  the  middle  of  August,  1875,  when  all  the  dredging 
ealled  for  under  this  contract  was  completed,  resulting  in  29,226  cubic 
yards.  Under  the  same  contract  with  the  New  England  Dredging  Com- 
pany 95i  cubic  yards  of  sunken  ledge  ^laid  bare  by  dredging)  were  re- 
iDoved  to  the  depth  of  23  feet  at  mean  low-water.  This  work  was  com- 
menced in  June,  1876,  and  completed  in  November,  1876. 

B.— STBAIGHTENINa,  WTDENINO,  AND  DEEPENINO  THE  MAIN  SHIP-CHAN- 
HEL  AT  THE  SOUTHEAST  AND  SOUTHWEST  POINTS  OF  LOVELL'S 
ISLAND. 

This  work  consisted  of  the  removal  by  dredging  of  the  southeast  and 
wntiivest  points  of  this  island,  so  as  to  give  in  "  The  Narrows  ^  a  chan- 
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nel  GOO  feet  in  width  for  a  depth  of  23  feet  at  mean  low-water,  with 
proper  slopes  up  to  the  18-feet  curves.    Work  was  commenced  on  the 
southwest  point  in  1867,  under  a  contract  made  with  Mr.  A.  Boschk^,  of 
Boston,  Mass.,  and  was  continued  during  that  and  the  two  following  sea- 
sons, until  suspended  for  want  of  fiinds.    During  this  period  207,103 
cubic  yards  of  dredging  was  done  by  him.    A  resurvey  of  this  channd 
made  in  1872  show^  that  it  had  not  changed  to  any  considerable  ex- 
tent at  its  southwest  point  since  the  close  of  the  dredging  operation  in 
18C9 ;  that  the  18-feet  curve  was  very  nearly  the  same  as  then,  and  that 
the  shore  above  low-water  line  had  acquired  a  more  natural  slope  of  8  feet 
horizontal  to  1  foot  rise  by  the  receding  inland  of  the  high- water  line,  but 
that  the  flats  of  the  southeast  point  of  this  island  had.  advanced  so  much 
toward  the  main  channel  as  to  materially  impede  and  endanger  navi- 
gation. 

Under  the  appropriation  made  by  act  of  June  23,  1874,  for  the  im- 
provement of  Boston  Harbor,  a  contract  was  made,  September  8,  1874, 
with  Messrs.  Boynton  Brothers,  of  Boston,  Mass.,  the  lowest  resjwnsi- 
ble  bidders,  for  doing  the  work  projected  for  the  improvement  at  the 
southeast  point  of  this  island,  by  30,000  cubic  yards,  more  or  less,  of 
dredging,  at  38  cents  per  cubic  yard,  as  measured  in  the  scows.  Work 
under  this  contract  was  coumienced  on  the  7th  of  October  and  continued 
until  the  17th  of  December,  1874,  when  it  was  suspended  for  the  winter. 
It  was  resumed  on  the  11th  of  May,  1875,  the  earliest  date  practicable, 
and  was  completed  September  22, 1875,  31,058  cubic  yards  having  been 
dredged  under  this  contract. 

For  completing  the  projected  improvement  at  and  near  the  southwest 
point  of  Ix)vell's  Island,  which  was  suspended  in  1869,  about  30,000 
cubic  yards  of  dredging  was  required,  for  which  a  contract  was  made, 
June  2, 1877,  with  the  New  England  Dredging  Company,  of  Boston. 
Mass.,  the  lowest  of  8  bidders,  at  24  cents  per  cubic  yard,  as  measured 
in  the  scows.  This  work  was  commenced  on  the  19th  of  June,  and  was 
satisfactorily  completed  on  the  27th  of  September,  1877,  by  29,133^ 
cubic  yards  of  dredging. 

9. — STBAIGHTENINa,    WTDENINO,    AND    DEEPENINa   THE     MAIN     SHIP- 
CHANNEL  AT  THE  UPPER  MIDDLE  BAB. 

The  work  projected  for  the  improvement  of  this  bar  consists  in  open- 
ing through  it  a  channel  of  600  feet  in  width,  to  a  depth  of  23  feet  at 
mean  low-water,  through  a  total  distance  of  about  4,400  feet,  the  prin- 
cipal difficulties  being  in  a  space  about  2,200  feet  in  length,  ui  which  the 
depth  to  be  increased  varied  from  1  to  7  feet.  Under  a  contract  made 
September  24,  1870^  with  Emory  E.  Seward,  Albany,  N.  Y.,  di'edging 
was  carried  on  at  this  place  until  the  1st  of  June,  1871,  at  which  time 
26,120  cubic  yards  had  been  excavated  under  that  contract,  by  which 
one  cut,  about  1,800  feet  in  length,  was  partially  opened  to  a  width  of  40 
feet,  and  to  a  depth  varjring  from  20  to  23  feet  at  mean  low- water. 

Under  the  appropriation  made  by  act  of  March  3, 1871,  a  new^  con- 
tract was  made,  July  29, 1871,  with  Mr.  E.  G.  Packard,  of  Brookl^Ti,  N. 
Y.,  which  was  completed  June  29, 1872,  by  20,305  cubic  yards  of  dredg- 
ing, making  to  that  date  an  aggregate  of  46,425  cubic  yards  of  dredg- 
ing. By  this  work,  one  cut,  about  1,800  feet  in  length,  was  opened  to  a 
width  of  40  feet,  to  a  full  depth  of  23  feet  at  mean  low- water,  and  a  sec- 
ond cut  of  the  same  width  and  depth,  for  a  length  of  1,040  teet,  includ- 
ing the  removal  of  a  very  large  bowlder  discovered  in  1872  in  the  main 
ship-channel,  with  but  16J  feet  of  water  upon  it  at  mean  low- water. 
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Under  the  appropriation  of  March  3, 1873,  a  contract  was  made,  March 
5j  1874,  with  the  Atlantic  Dredging  Company,  of  Brooklyn,  N.  Y.,  for 
75,000  cnbic  yards,  more  or  less,  of  dredging,  at  64  cents  per  cnbic  yard, 
88  measnred  in  the  scows,  and  at  $35  per  cubic  yard  for  excavation  of 
Jedge  and  of  bowlders  exceeding  6  tons  in  weight.  Oi>erations  were 
commenced  in  April,  1874,  and  were  contimied  up  to  the  14th  of  Decem- 
ber of  that  year,  when  they  were  suspended  for  the  winter. 

On  the  26th  of  May,  1875,  they  were  resumed,  and  continued  up  to 
the  17th  of  December  of  that  year.  They  were  again  resumed  on  the 
3d  of  May,  1876,  and  were  continued  up  to  the  11th  of  July,  1870,  at 
which  time  90,860  cubic  yards  had  been  dredged  under  and  in  comple- 
tion of  this  contract. 

Under  the  appropriation  made  by  act  of  June  23, 1874,  for  continuing 
the  imt>rovement  of  this  harbor,  a  contract  was  made,  September  1, 1874, 
with  the  Harbor  Improvement  Company,  of  Boston,  Mass.,  for  42,000 
cubic  yartls  of  additional  dredging  on  the  bar,  at  85  cents  per  cubic  yard, 
as  measured  in  the  scows.  Dredging  was  commenced  under  this  con- 
tract on  the  3d  of  October,  and  continued  until  the  14th  of  December, 
when  it  was  susx)ended  for  the  winter.  It  was  resumed  on  the  8th  of 
May,  1875,  and  continued  up  to  the  17th  of  De<5ember,  1875,  at  which 
time  42,843J  cubic  yards  had  been  dredged  under  this  contract.  There 
^en  remained  to  be  done,  for  the  completion  of  this  contract,  the  exca- 
vation of  37  cubic  yards  of  ledge,  which  was  completed  on  the  26th  of 
August,  1876. 

Under  the  appropriation  made  for  this  harbor  by  act  of  March  3, 1875, 
a  contract  was  made.  May  19,  1875,  with  Messrs.  Curtis,  Fobes  &  Com- 
pany, of  Portland,  Me.,  for  90,000  cubic  yards,  more  or  less,  of  additional 
dredging  on  this  bar  and  the  shoals  below  it,  at  75  cents  per  cubic  yard, 
as  measured  in  the  scows,  including  bowlders  not  exceeding  6  tons  in 
weight.  Operations  were  commenced  under  this  contract  May  9, 1876, 
smd  were  completed  on  the  16th  of  November,  1876,  resulting  in  88,150 
cubic  yards  of  dredging. 

The  total  quantity  of  dredging,  therefore,  that  has  been  done  to  date, 
under  the  several  contracts  named,  amounts  to  268,278J  cubic  yards, 
whereby  a  channel  has  been  opened  for  a  width  of  600  feet^  and  a  depth 
cf  23  feet  at  mean  low-water,  through  the  whole  of  the  Upper  Middle 
Bar,  in  length  about  4,400  feet. 

During  the  dredging  oi)erations  of  1876  at  the  Upx)er  Middle  Bar,  a 
snnken  ledge  was  laid  bare  covering  an  area  of  227  square  yards  which 
was  shoal  firom  0  to  3  feet,  requiring  the  breaking  up  and  removal  of  81 J 
cubic  yards  of  ledge  above  the  23-feet  plane.  On  the  4th  of  June,  1877, 
a  <x>ntract  was  made  with  Mr.  George  W.  ToT^Tisend,  of  Boston,  Mass., 
ttie  lowest  of  two  bidders,  for  the  removal  of  this  ledge  to  the  required 
grade,  at  $65  per  cubic  yard^  measured  in  its  bed.  He  commenced 
this  work  on  tlie  8th  of  Apnl  last,  and  up  to  the  close  of  the  fiscal 
year  had  broken  up  and  removed  50  cubic  yards,  leaving  31 J  cubic  yards 
di  it  vet  to  be  removed,  which  will  probably  be  completed  by  the  end 
of  July,  1878. 

10. — ^REMOVAL  OP  NASH'S  HOCK  (SHOAL). 

Nash's  Kock,  so  caUed,  is  a  shoal  lying  in  the  outer  entrance  to  Boston 
Harbor,  about  one- third  of  the  way  over  from  Brewster  Spit  to  Point 
ADerton.  This  shoal  was  surveyed  in  September  and  October,  1^73. 
wid  a  special  report  thereon,  accompanied  by  drawings,  was  subuiitted 
to  the  departaient  on  the  24th  of  March,  1874. 
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From  information  acquired  by  this  survey,  it  was  seen  that  the  only 
portion  of  this  shoal  which  it  would  be  advisable  and  practicable  to 
improve,  was  that  having  less  than  21  feet  of  water  over  it  at  mean  low- 
water,  which  portion  had  an  area  of  637 J  superficial  yards,  and  would 
require,  in  order  to  obtain  a  depth  of  21  feet,  the  excavation  and  removal 
of  about  500  cubic  yards  of  bowlders,  shingle,  &c.,  at  an  estimated  cost 
of  $10,000 ;  whereas  to  remove  the  whole  shoal  to  a  depth  of  23  feet 
below  the  plane  of  mean  low- water  would  require  the  excavation  of  over 
■  16,000  cubic  yards  of  similar  material  over  an  area  of  9.1  acres,  the  cost 
of  which  would  be  greatly  disproportionate  to  the  benefit  that  would 
result  therefrom. 

Under  the  appropriation  made  by  the  act  of  March  3, 1875,  for  the 
improvement  of  this  harbor,  a  contract  was  made,  May  19,  1875,  with 
Messrs.  Curtis,  Fobes  &  Company,  of  Portland,  Me.,  for  removing  about 
one-half  of  this  shoal  to  the  projected  depth  of  21  feet  at  mean  low-water, 
which  was  completed  by  them  in  September.  1876. 

For  completing  the  removal  of  this  shoal  down  to  the  projected  grade, 
a  submarine  party,  with  a  vessel  and  crew  and  all  the  necessary  ma- 
chinery and  exi>losives,  was  hired  at  $50  per  day.  The  party  commenced 
work  on  the  4th  of  September,  and  continued  until  the  8th  of  November 
last,  when,  owing  to  the  windy  weather  and  strong  currents,  operations 
were  suspended  for  the  season.  During  this  period,  320  tons  of  large 
bowlders  and  ledge  were  removed,  leaving  only  about  40  tons  to  be 
removed  for  the  completion  of  the  work.  This  work  will  be  resumed 
when  the  weather  becomes  most  favorable  for  it,  and  will  probably  be 
completed  before  the  end  of  August.  By  the  work  thus  far  done,  this 
shoal  has  been  so  far  improved  that  on  its  shoalest  places  there  is  now 
a  depth  of  18J  feet  at  mean  low-water,  being  an  increase  of  over  3  feet 

11. — ^B^MOVAL  OF  KELLY'S  BOCK  AND  THE  LEDGES  NEAR  IT. 

This  rock  lies  in  the  main  ship-channel,  distant  about  700  yards,  in  a 
direction  southeast  by  south  of  Bug  light  (at  the  ^Narrows)  and  in  the 
line  of  entrance  buoy  No.  1  and  Bug  fight.  In  1869  operations  were 
commenced  for  remoAdng  this  rock  to  a  depth  of  23  feet  below  the  plane 
of  mean  low- water,  and  were  continued  up  to  the  end  of  December,  1870. 
These  operations  were  continued  in  June  and  July,  1873.  An  acc*.urate 
survey  afterwards  made  of  this  rock  showed  that  there  still  remained  an 
area  of  about  320  superficial  yards  of  it,  which  had  less  than  the  projects 
depth  on  the  shoalest  parts,  on  which  there  were  but  21.2  feet  of  water 
at  mean  low- water,  and  that  in  order  to  obtain  a  full  depth  of  23  feet 
would  require  the  removal  of  not  less  than  80  cubic  yards  of  the  rock. 

Under  the  appropriation  made  by  act  of  March  3, 1875,  for  this  harl)or, 
a  contract  was  made.  May  14, 1875,  with  Mr.  George  W.  To>vnsend,  of 
Boston,  Mass.,  for  completing  the  removal  of  this  rock,  at  $60  per  cubic 
yard.  He  commenced  operations  under  this  contract  in  the  latter  part 
of  May,  1875,  and  completed  them  on  September  30,  1875. 

During  the  removal  of  this  rock  in  1875,  new  ledges  were  discovered 
in  its  ^icinity,  above  and  below,  having  on  the  shoalest  parts  a  depth  of 
but  20  to  21  feet  at  mean  low- water.  These  ledges  cover  an  area  of 
about  543  square  yards  in  the  23-foot  plane  below  mean  low-water,  and 
189  cubic  yards  will  have  to  be  removed  above  that  plane. 

During  the  past  year  an  additional  area  of  310  square  yards  of  ledge 
has  been  discovered  below  Kelly's  Kock,  ha\ing  but  17.4  feet  of  water 
on  its  shoalest  part  at  mean  low- water,  and  requiring  the  breaking  up 
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and  removal  of  about  165  cubic  yards  of  ledge  for  reducing  it  to  the  re- 

qiiired  gra^le  of  23  feet  at  mean  low-water. 
A  contract  was  made  June  4, 1877,  with  Mr.  George  W.  Townsend,  of 

Boston,  Mass.,  the  lowest  of  two  bidders,  for  the  removal  of  the  ledges 

discovered  in  1875,  at  $50  per  cubic  yard,  measured  in  its  bed,  above  the 
23-foot  plane.  He  commenced  work  under  this  contract  on  the  15th  of 
Jane,  1877,  first  upon  the  ledges  above  (to  the  westward  of)  Kelly's  Rock, 
which  he  completed  on  the  18th  of  August,  by  the  breaking  up  and  re-, 
moval  of  26.42  cubic  yards  above  the  23-feet  plane.  He  then  commenced 
work  upon  one  of  the  spurs  of  ledge  below  Kelly's  Rock,  which  he  con- 
tinned  up  to  the  latter  part  of  December;  but  owing  to  the  very  unfa- 
vorable weather  during  the  greater  part  of  that  pericSi,  his  progress  was 
mach  less  satisfactory  than  had  been  hoped  for,  in  having  broken  up 
and  removed  but  50  cubic  yards  of  that  Icilge,  the  total  quantity  accom- 
plished during  the  season  being  76.42  cubic  yards.  On  the  completion 
of  the  submarine  work  at  the  Upper  Middle,  about  the  1st  of  August, 
tilie  contractor  will  resume  work  upon  the  ledge  below  Kelly's  l&)ck, 
which  he  will  endeavor  to  complete  by  the  end  of  the  present  season, 
^oold  the  weather  be  as  favorable  as  in  most  of  the  past  seasons. 

12. — ^REMOVAL  OF  TOWEB  BOCK. 

This  rock  was  situated  in  the  main  ship-channel  at  "The  Narrows," 
about  100  cubic  yards  to  the  southwest  of  Great  Brewster  Spit  hght. 
It  was  blasted  out  and  removed  in  1867  to  the  projected  depth  of  23  feet 
St  mean  low  water. 

13. — ^BEMOVAL  OP  COBWIN  BOCK. 

This  rock  was  situated  in  the  main  ship-channel  at  "The  Narrows," 
about  200  yards  to  the  southwest  of  Great  Brewster  Spit  light  It  was 
lasted  out  and  removed  in  the  years  1868  and  1869  to  the  projected  depth 
of  23  feet  at  mean  low- water. 

14.— REMOVAL   OP   SUNKEN    LEDGE   BETWEEN   GEOBGE'S   ISLAND  AND 

GBEAT  BBEWSTEB  SPIT. 

Hiis  ledge  was  discovered  in  1872,  in  a  resurvey  of  "The  Narrows." 
It  was  situated  near  the  middle  of  the  main  ship-channel,  directly  in  the 
track  of  all  large  vessels,  and  particularly  of  the  European  steamers,  and 
was  distant  317  yards  in  a  direction  west  by  south  finom  Bug  light.  It 
had  but  18.9  feet  of  water  upon  it  at  mean  low- water,  and  was  therefore 
a  dangerous  obstacle  to  navigation. 

Under  the  appropriation  of  Jime  23, 1874,  a  contract  was  made,  August 
31, 1874,  with  Mr.  William  H.  Lloyd,  of  Boston,  Mass.,  for  the  removal 
of  this  ledge  to  a  depth  of  23  feet  at  mean  low- water — altogether  16J 
cubic  >~ards — ^for  Hie  sum  of  $400,  which  he  completed  early  in  Septem- 
ber, 1875. 

15. — ^BEMOVAL  OP  BABBEL  BOCK,  IN  BBOAD  SOUND. 

This  was  a  bowlder  lying  about  1  mile  a  little  north  of  west  from  Green 
Wand,  and  near  the  sailing  line  of  the  Portland  and  other  Maine  steam- 
ffi  It  had  only  4  feet  of  water  over  it  at  low  tide,  and  in  thick  weather 
^  a  dangeron^  obstacle  to  navigation.    It  was  removed  in  1869. 
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16. — ^BEMOVAL  OF  STATE    AND  PALMTBA  BOCKS. 

A  Bpecial  survey  was  made  of  these  rocks,  of  which  a  rex)ort.  an 
clra\\iiig8  were  transmitted  to  the  department  on  the  25th  of  May,  187 
By  this  8ur\'ey  it  was  ascertained  that  State  Rock  and  Pahnyra  Eoc' 
of  the  position  and  character  of  which  but  little  previously  had  bw 
known,  are  situated  very  near  each  other,  and  most  probably  are  oi 
croppings  of  the  same  ledge,  forming  spurs  on  the  southern  side  of  t! 
Lower  Middle  Bar,  about  one-half  a  mile  east  of  GasUe  Island. 

To  effect  the  improvement  proposed  required  altogether  the  remo\ 
of  about  62  cubic  yards  of  rock,  for  which  a  contract  was  made,  Angi 
31, 1874,  with  Mr.  William  H.  Lloyd,  of  Boston,  who  was  the  low( 
of  two  bidders,  at  $1,500  for  the  job,  Mr.  Lloyd  commenced  work  up 
the  removal  of  the  rocks  in  September,  1874,  and  continued  up  to  t 
middle  of  November,  when,  on  account  of  the  weather  he  was  obliged 
suspend  for  the  winter.  He  resumed  work  about  the  1st  of  June,  18' 
and  comi)leted  their  removal  on  the  loth  of  that  month. 

17. — ^REMOVAL  OF  THE  WBECK  OF  THE  SCHOONER  DELOS. 

This  was  an  old  vessel  of  about  100  tons  burden,  deeply  loaded  wi 
gravel  in  her  hold  and  on  deck,  destined  for  the  engineer  work  at  F< 
Warren,  and  was  sunk  in  the  gale  of  November  12, 1872,  in  Nantasl 
Eoads,  about  100  yards  from  Fort  Warren  wharf,  in  about  22  feet 
water  at  low  water.  When  examined  in  December,  1872,  she  ti 
stripped  of  her  masts  and  rigging,  and  was  much  shattered,  and  h 
about  14  feet  of  water  over  her  at  mean  low- water.  The  breaking  up  a 
removal  of  this  wreck  was  commenced  on  May  29, 1873,  and  was  co 
pleted  in  the  early  part  of  June. 

From  the  foregoing  statement  it  is  seen  that  the  following  work  I 
been  done  during  the  past  fiscal  year^  viz : 

1.  The  channel  at  the  southwest  i)omt  of  Lovell's  Island  was  increafi 
to  a  width  of  not  less  than  600  feet  for  a  depth  of  23  feet  at  mean  lo 
water. 

2.  The  ledge  above  Kelly's  Rock  (26.42  cubic  yards)  has  been  entin 
removed  to  a  depth  of  23  feet  at  mean  low-water. 

3.  Fifty  cubic  yards  of  the  ledge  below  Kelly's  Eock  has  been  brok 
up  and  removed  to  a  depth  of  23  feet  at  mean  low- water. 

4.  Fifty  cubic  yards  of  the  ledge  has  been  broken  up  and  removed 
the  projected  depth  from  the  Upper  Middle  Channel,  leaving  31J  cul 
yards  yet  to  be  removed. 

5.  About  320  tons  of  large  bowlders  and  ledge  have  been  remo\? 
from  Kash's  Rock  (Shoal),  leaving  about  40  tons  yet  to  be  removed. 

6.  Contracts  have  been  made  and  work  commenced  for  furnishing  a 
delivering  the  stone  requiretl  for  the  reconstruction  of  the  sea-wall 
the  southeast  bluff  of  Lovell's  Island,  and  a  landing  and  railroad  tra 
nearly  completed  for  receiving  and  moving  the  stone,  with  a  probabil 
of  the  completion  of  the  wall  by  the  end  of  the  present  working  seas< 

7.  A  survey  made  of  Anchorage  Shoal  and  the  mouth  of  Mys 
River,  in  the  upper  harbor,  of  which  reports,  drawings,  and  estimal 
for  their  improvement  have  been  submitted  to  the  department. 

By  the  dredging  of  the  past  season  at  and  near  the  southwest  poi 
of  Lovell's  Island,  together  with  that  completed  in  1875  at  the  soul 
east  point  of  Lovell's  Island,  and  that  in  1876  at  the  west  end  of  Grc 
Brewster  Spit  and  at  the  Upper  Middle  Bar,  all  the  dredging  hithei 
projected  for  the  improvement  of  this  harbor  from  its  entrance  up 
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Anchorage  Shoal  has  been  completed^  giving  a  channel  not  less  than 
600  feet  in  width  and  23  feet  in  depth  at  mean  low-water,  (or  about  32^ 
fe^  at  ordinary  high  water),  except  at  the  Lower  Middle,  where  it  is 
only  400  feet  wide  in  its  narrowest  part,  and  except  where  obstructed 
by  the  sunken  ledges  recently  discoverea  near  Kelly's  Bock  and  in  the 
Upper  Middle  Channel,  which  have  as  yet  been  but  i)artially  removed. 

llie  work  that  now  remains  to  be  done  for  completuig  all  the  improve- 
mmts  for  which  projects  and  estimates  have  hitherto  been  made,  con- 
sists of  the  following,  viz : 

f.  Completing  the  breaking  up  and  removing  31|  cubic  yards  of  ledge  in 
tbe  L'pper  Middle  Channel,  now  contracted  for  at  |65  per  cubic  yard..      $3,  047  50 

h.  C^umpleting  the  breaking  up  and  remoyal  of  131^  cubic  yards  of  sunken 
IMffe  below  KeUy's  Rock,  now  contracted  for  at  $50 per  cubic  yard....        6,  575  00 

f.  Completiug  the  improvement  of  Nash's  Rock  Shoal,  say 1,  000  00 

i.  Rf-constmctin^  sea-wall  on  southeast  bluff  of  Lovefrs  bland,  now 
contracted  for  in  part 14,  500  00 

c  Sffluoval  of  Man-of-War  Shoal,  by  dredging  to  a  depth  of  23  feet  at 
mean  low  wat«r,  at  an  estimated  cost  (for  65,000  cubic  yards  at  50 
«-nt«)of 32,  500  00 

/.  Breaking  np  and  removing  145.78  cubic  yards  of  ledge  below  Kelly's 
RiX'k,  at  $50   per  cubic  yard  (not  contracted  for) 7,  289  00 

|.  Adding  for  contingencies,  say....... 6,789  74 

Total 70,701  24 

which  18  tlie  balance  now  available  of  the  appropriations  thus  far  made 
cxdiLsively  for  the  above  works. 

The  following  additional  works,  for  which  estimates  are  submitted, 
reqnire  for  their  completion  appropriations  for  the  full  amount  stated, 
Tii: 

k.  The  projected  improvement  of  Anchorage  Shoal  (next  above  the 
Upper  Middle),  now  the  only  obstacle  to  the  passage  of  ocean  steamers 
and  other  deep-draught  vessels  from  the  ocean  up  to  the  upper  harbor 
of  Boston  in  all  stages  of  the  tide. 

A  survey  of  this  shoal  made  during  the  past  year  shows  that  it  ha^s  a 
very  irregular  shape,  and  extends  into  the  main  channel  chiefly  fix)m  the 
£a^  Boston  and  Bird  Island  flats,  having  in  its  shoalest  part  but  15^ 
feet  of  water  at  mean  low- water,  or  about  25  feet  at  ordinary  high- water, 
and  that  the  greatest  deptti  that  can  be  carried  over  the  southern  part 
«  22  feet  at  mean  low- water  for  a  width  of  about  300  feet,  or  21  feet  for 
a  width  of  about  500  feet.  To  open  this  channel  to  a  depth  of  23  feet  at 
mean  low- water  (the  same  depth  of  all  the  improvements  in  the  channel 
below)  for  an  average  width  of  1,100  feet,  which  width  is  necessary  in 
this  central  position  of  the  harbor,  to  enable  vessels,  on  entering  or  leav- 
ing this  channel^  to  have  free  communication  with  all  parts  of  the  har- 
bor, would  require— 

One  hundred  and  thirty-five  thousand  cubic  yards  of  dredging,  over  an 
area  of  about  130,000  square  yards  of  the  shoal,  the  estimated  cost  of 

which^  at  60  cents  per  cubic  yard,  is $81,000  00 

Adding  for  engineering  expenses  and  other  contingencies,  say 9, 000  00 


90,000  00 


a= 


i.  Increasing  to  a  width  of  600  feet  the  main  ship-channel  at  the  Lower 
)(iddle,  by  the  removal  of  spurs  projecting  from  its  southern  side,  requir- 
ing 5,000  cubic  yards  of  dredging,  the  estimated  cost  of  which,  including 
eoQtiiigencies,  is...--- 5,000  00 

During  the  past  year  an  examination  has  also  been  made  of  this  harbor 
^md  near  the  mouth  of  Mystic  Eiver,  with  a  view  to  its  improvement 
to  an  extent  commensurate  with  the  present  great  and  prospectively  in- 
cpeasiDg  demands  of  the  commerce  of  that  portion  of  the  harbor.    A. 
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8i)ecial  rei>ort  on  this  subject,  accompanied  with  a  drawing  and  estim 
wa«  submitted  to  the  department  on  the  3d  of  May,  1878,  by  w 
it  will  be  seen  that  very  extensive  improvements  have  been  made  in 
years  in  this  part  of  the  upper  harbor  of  Boston,  owing  to  the  sup< 
facilities  which  it  affords  to  ocean  steamers  and  other  vessels  of  the  lai 
class.  On  the  western  side  of  the  river,  between  the  United  States  n 
yard  and  Chelsea  Bridge,  extensive  piers  and  docks  have  been  built, 
others  are  now  in  progress,  with  berths  for  ocean  steamers  dredged 
depth  of  25  feet  at  mean  low- water,  together  with  a  channel  of  the  i 
depth  and  100  feet  in  width  leading  from  the  berths  outward  to 
water.  The  East  Boston  side  of  this  harbor,  opposite  the  navy-yai 
also  lined  with  wharves,  for  a  distance  of  about  one  mile,  and  offers  | 
advantages  to  shipping,  securely  sheltered  as  it  is  fix)m  all  storms, 
river  has  a  depth  of  23  feet  and  more  at  mean  low -water,  except  \^ 
obstructed  by  the  shoal  opposite  the  wharves  of  the  navy-yard, 
length  of  about  500  yards,  on  the  shoalest  part  of  which  there  is  not 
than  15  feet  of  water  at  mean  low-water.  The  commerce  of  this  hj 
would  doubtless  be  much  benefited  by  removing  this  obstructioi 
dredging  to  a  depth  of  23  feet  at  mean  low-water,  or  about  33  fe 
ordinary^  high- water  (the  same  minimum  depth  that  is  adopted  fo 
harbor  below),  for  a  width  of  300  feet.    This  would  require — 

Abont  125,000  cubic  yards  of  dredging,  the  estimated  cost  of  wliicli,  at  50 

cents  per  cubic  yard,  is $62,  i 

Additional  for  engineering  expenses  and  other  contingencies,  say 7,  i 

Total 70,1 

The  additional  appropriation  that  will  be  required  for  imprc 
Anchorage  Shoal,  the  Lower  Middle,  and  Mystic  Eiver,  as  estin 
above,  is,  in  the  aggregate,  $165,000. 

The  several  works  built  and  projected  for  the  improvement  of  this  harbor  lie  "^ 
the  port  of  Boston,  and  in  the  collection  district  of  Boston  and  Charlestown,  Mi 

The  following  information  in  regard  to  the  revenue  and  commerce  c 
port  of  Boston  for  the  year  ending  December  31, 1877,  has  been  fumj 
by  the  United  States  collector  of  customs  at  that  port,  viz : 

Amount  of  revenue $13,  037, : 

Value  of  imports 47, 720,  ( 

Value  of  exi>orts 43,563,5 

Namber.  T( 

American  vessels  arrived 690  2i 

Forei^  vessels  arrived 1,506  5' 

American  vessels  cleared-.... 617  2; 

Foreign  vessels  cleared 1,377  41 

Number  of  vessels  built,  20,  with  an  aggregate  tonnage  of  10,895.56. 

The  following-named  papers  are  hereto  appended,  viz : 

1.  Abstract  of  proposals  received. 

2.  Abstract  of  contracts  made. 

Money  statement 

July  1,  1877,  amount  available $41,291  61 

Amount  appropriated  by  act  approved  June  18, 1878 55,  000  00 

$96,  i 

July  1,  1878,  amount  expended  during  fiscal  year 21, 090  17 

July  1,  1878,  outstanding  Uabilities : .......        4,500  20 

25,  J 

July  1,  1878,  amount  available 70,' 

*  ^ 

Amount  (estimated)  required  for  completion  of  existing  project 165,( 

Amount  thai  can  be  ptontably  expended  in  fiscal  year  endmg  June  30, 1880 .     165,  ( 
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AMmet  of  proj^otals  received  May  31,  1878,  for  improvement  of  Boston  Harbor,  Mobm- 

chuseitB, 

[Stone  to  be  delivered  at  Lowell's  lalftiid  in  Boston  Harbor.] 
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Iflsac  A.  Sylvester 

G  J.  Hall 

Cape  Ann  Granite  Com^MUiy 

C.  RBra^on 

C.  A- Peirc«  A  Co 

Derrv  &  Bdwards 

ftiiocn  6c  Ha>-ne8 

Bodwell  Granite  Company 

Bfickport  Granite  Company 

Oliver  Jordan 

CV^Hine  Granite  Co.,  East  Bine  Hill,  Me. . 
Albion  Sl  Hamilton  and  Simeon  Hamilton 

Davis  Tilliion 

Willett  Andrews 

Crsbtree  &.  Harvey 

Joseph  H.  West 
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Ib^nu^  of  contracts  made  during  the  fiscal  year  ending  June  30,  1877,  for  delivering  stone 

at  LavelVs  Island,  in  Boston  Harbor,  Massachusetts, 


I>at««f  oan- 

tract. 


Contiactors. 


/saelO,  1878  '  Cape  Ann  Granite  Company, 
j     of  Glonceater,  Mass. 


Xatnre  of  work. 


For  5,700  cubic  feet,  more  or 
less,  dimension-cut  icranite. 

For  500  tons,  mois  or  less, 
split  granite. 

For  1. 100  tons,  more  or  less, 
granite  grout  mbble-stone. 


Price. 


39  cents  per  cubic  foot. 

$1.80  per  ton  of  2,240  ponnda. 

59   cents   per   ton   of   2,240 
pounds. 


A   X2. 


IMPROVEMENT  OF  PLYMOUTH  HARBOR,  MASSACHUSETTS. 

He  existence  of  this  harbor  dex)end8  entirely  upon  the  protection  and 
preserration  of  Long  Beach,  which  is  a  narrow  strip  of  land  that  ex- 
twid«  2%  miles  out  from  the  mainland  in  a  northwesterly  direction, 
Marly  parallel  to  the  shore  of  the  town  of  Plymouth,  and  distant  from 
it  about  one  mile.  It  affords  to  the  harbor  its  only  shelter  from  easterly 
fleams.  In  late  years  it  has  been  washed  away  in  some  places,  and 
imich  weakened  in  others,  to  an  extent  seriously  threatening  the  ruin  of 
the  harbor.  For  the  protection  and  preservation  of  this  beach  various 
warks  have  been  built  from  time  to  time,  until  finally  they  have  proved 
efficient  and  successful. 

The  total  amount  that  has  been  appropriated  by  Congress  for  the  pres- 
»vation  and  improvement  of  this  harbor,  from  1824  up  to  and  iuclud- 
in^  Jane  IS,  1878,  is  $118,567. 

Of  this  amount  there  has  been  allotted  to  and  appropriated  for  this 
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harbor,  since  the  resumption  of  work  on  rivers  and  harbors  in  1866, 
sums  as  follows,  viz : 

Amount  allotted  in  1866,  from  appropriations  made  July  2,  1664,  for  har- 
bors on  the  Atlantic  coast ^S,30 

Amount  allotted  under  act  of  July  25,  1868 7,  5() 

Approj^riated  by  act  approved  July  11,  1870  . 10,00 

Appropriat^id  by  act  approved  March  3,  1871 10,  OC 

Appropriated  by  act  approved  June  10,  1872 2, 5C 

Appropriated  by  act  approved  March  3,  1873 --  3,  OC 

Appropriated  by  act  aj^proved  June  23,  1874 5, 0( 

Appropriated  by  act  approved  March  3,  1875 10, 0( 

Appropriated  by  act  approved  June  18,  1878... ,-  5,0( 

Total 61, 3( 

A  history  and  description  of  the  several  works  built  for  the  protec 
and  preservation  of  Long  Beach  will  be  found  in  the  annual  report 
the  fiscal  year  ending  June  30,  1877,  from  which  it  is  seen  that  the 
eral  amounts  that  have  been  allotted  to  and  appropriated  for  the 
provement  of  Plymouth  Harbor  since  1866  have  been  applied  to 
construction  of  bulkheads,  jetties,  and  groins,  and  the  planting  of  he 
grass  where  most  necessary  for  protecting  ana  sti*engthening  Long  B( 
throughout  its  whole  extent  of  about  2|  miles. 

The  bulkheads  and  jetties  have  accumulated  a  large  quantity  of  s 
forming  a  ridge  throughout  its  whole  extent,  and  the  beach-grass  co 
nearly  all  this  newly  formed  beach,  which  is  now  in  efficient  condi 
Eepairs,  however,  are  now  necessary,  as  they  doubtless  will  contini 
be  from  time  to  time  along  this  bea<;h,  exposed,  as  it  is,  to  injury  by 
lent  storms.  Something  more  should  also  be  done  for  increasing 
efficiency  of  the  stone  bulkhead  at  the  outer  end,  and  its  coiinec 
with  the  beach. 

The  estimated  cost  of  this  work  is  as  follows,  viz : 

1.  1,000  tons nibble-Btone,  at  (2 $2,0 

2.  Repairs  of  bulkhead  near  inner  end  of  beach  (partiaUy  burned  of  late)..        2 

3.  Repairs  of  bulkhead  and  jetties • — 7. 

Adding  for  contingencies,  say ^ 

Total 3,5 

A  survey  was  made  of  this  harbor  in  February,  1874,  in  complii 
with  a  resolution  of  the  House  of  Eepresentatives  dated  December 
1873,  "  with  a  view  to  dredging  and  imi)roving  the  same  so  as  to  al 
greater  protection  and  facilities  to  commerce.^ 

The  plan  that  has  been  projected  for  the  improvement  of  this  ha 
is  to  open  a  channel  by  dmlging  through  the  sand,  mud,  and  clay,  j 
the  Middle  Ground  up  to  Long  Wharf,  a  distance  of  about  2,500 
tiie  channel  to  have  a  width  of  100  feet,  and  a  depth  of  6  feet  at  n 
low- water,  or  16  feet  at  mean  high-water ;  this  channel  to  be  extei 
southward,  in  front  of  the  wharves  above  Long  Wharf,  for  a  distan 
about  900  feet  to  the  mouth  of  Town  Brook,  so  as  to  form  a  basin 
feet  in  width  and  8  feet  in  depth  at  mean  low- water.  The  total  quai 
of  dredging  required  for  this  improvement  was  estimated  at  about  IIC 
cubic  yards. 

Under  the  appropriation  of  $10,000,  made  by  act  of  March  3,  187^ 
improving  this  channel  as  above  projected,  a  contract  was  made  Ma 
1875,  with  Mr.  Augustus  R.  Wright,  of  Geneva,  N.  Y.,  the  lowest  bid 
at  23  cents  per  cubic  yard,  as  measured  in  the  scows,  for  35,000  c 
yards,  more  or  less,  of  dredging,  to  be  applied  to  the  partial  excava 
of  the  projected  channel.  Dredging  was  commenced  under  this  coni 
on  the  19th  of  April,  1876,  and  was  completed  on  the  21st  of  June,  1 
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resnJting  in  34,985  cubic  yards  of  dredging,  whereby  a  channel  was 
oi)ened  up  to  the  wharves  of  Plymouth  for  a  width  of  50  feet,  and  to  a 
depth  o((i  feet  at  mean  low- water. 
To  complete  this  channel  and  basin  will  therefore  require  about — 

Serentj-five  thonsand  cable  yards  more  of  dredging,  the  estimated  cost 

of  which,  at  30  cents  per  cubic  yard,  is |22, 500  00 

Adding  for  contingencies,  say 3,000  00 

Total 25,500  00 

Tbe  estimated  cost  of  works  and  repairs  now  necessary  for  the 
protection  and  preservation  of  Long  Beach,  as  above,  is,  in- 

cloding  contingencies $3,500  00 

fer  pn>tiable  repairs  to  be  provided  for  for  the  fiscal  year  end- 
ing June  30,  18eO 1,000  00 

4, 500  00 

30,000  00 
AxDoont  appropriated  by  act  of  Jane  18, 1878.... 5,000  00 

Additional  amonnt  required  for  completing  the  improvement  as  pro- 
jected is  25,000  00 

Application  has  beeu  made  to  the  collector  of  customs  at  Plymouth 
feriafonoation  as  to  the  revenue  and  commerce  of  that  port,  but  uo  reply 
has  beeu  received. 

Money  statement, 

Mr  1,1877,  amonnt  available |93  92 

iJBmint  appropriated  by  act  approved  June  18,  1878 5, 000  00 

5,093  92 
Idy  1^1878,  amonnt  expended  daring  fiscal  year 5  85 

Jnlyl,  1878,  amonnt  available 5,088  07 

Amoant  (estimated)  reqnired  for  completion  of  existing  project 25, 000  00 

Imant  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1880.    25, 000  00 


A  13. 

IMPROVEMENT  OF  PROVINCETOWN  HARBOR,  MASSACHUSETTS. 

The  following  amounts  have  been  allotted  to  and  appropriated  for  the 
preservation  of  this  harbor  since  the  resumption  of  work  on  rivers  and 
harbors  in  1866^  viz: 

Anoant  allotted  1866  from  appropriation  made  July  %  1864,  for  harbors 

on  the  Atiantic  coaet f  15,  000  00 

Amonnt  appropriated  bv  act  of  June  23, 1866 43,  068  44 

Amount  allotted  under  act  of  April  10,  1869 9,000  00 

AmooDt  appropriated  by  act  of  March  3,  1871 6,000  00 

Amonnt  appropriated  by  act  of  June  10,  1872 5,000  00 

Amount  appropriated  by  act  of  March  3,  1873 6,000  00 

Amount  appropriated  by  act  of  June  23,  1874 6,000  00 

Amonnt  appropriated  by  act  of  March  3,  1875  ..^ 5,000  00 

Amount  apx>ropriated  by  act  of  August  14,  1876 4,  000  00 

Amonnt  appropriated  by  act  of  June  18,1878 1,000  00 

Total 100,068  44 

Under  the  appropriation  of  $4^000  made  by  the  river  and  harbor  act 
of  August  14,  1876,  the  following  work  was  projected  for  the  further 
presenation  aad  improvement  of  this  harbor,  to  wit : 


222  REPORT   OF   THE   CHIEF   OF   ENGINEERS. 

1.  Eaising  and  extending  the  stone  bulkhead  on  the  extremity  of 
Long  Point,  the  stone  therefor  to  be  ftimished  by  contract ;  and 

2.  Repairs  of  the  bulkheads  and  jetties  at  Beach  Point  and  Cove 
Section,  and  of  the  dikes  at  High  Head  and  Abel  Hill  where  necessary, 
and  planting  beach-grass  on  the  outer  beach ;  this  work  to  be  done  by 
men  hired  by  the  day. 

Contracts  were  made  with  the  following  parties,  who  were  the  lowest 
bidders,  for  furnishing  the  stone  required  for  raising  and  extending  the 
bulkheatl  on  Long  Point,  to  wit : 

1.  With  Alplieus  C.  Pierce,  of  Rockjiort,  Mass.,  for  1,000  tons,  more  or  less,  of  large 
quarry  prout,  at  $1.59  per  ton  of  2,240  pounds,  under  contract  of  May  31,  1877 ;  and 

2.  With  iKiiac  A.  Sylvester,  of  Quincy,  Mass.,  for  700  tons,  more  or  less,  of  smal] 
rounded  boulders,  at  $1.48  per  ton  of  2,240  pounds,  under  contract  of  June  4,  1877. 

Mr.  Pierce  had  furnished  and  placed  upon  the  work,  up  to  the  Ist  oi 
July,  1877,  under  his  contract,  558^  tons  of  large  quarry  grout,  and  od 
the  28th  of  July  he  completed  his  contract  on  the  delivery  of  an  aggre- 
gate of  l,114gYA  tons. 

Mr.  Sylvester  commenced  furnishing  small  stone  under  his  contraci 
in  the  latter  i^art  of  July,  and  completed  the  same  on  the  21st  of  Sep 
tember,  1877,  by  the  delivery  of  a  total  of  745J|24  tons. 

During  the  month  of  November  last,  the  outer  end  of  the  stone  bulk 
head  on  Long  Point  was  repaired  and  regulated,  the  work  having  beei 
done  by  a  vessel  and  crew  hired  by  the  day. 

By  the  end  of  December  last  all  the  repairs  were  completed,  wher« 
necessary,  upon  the  works  at  Beach  Point,  Cove  Section,  High  Head 
and  elsewhere. 

All  the  works  projected  for  the  preservation  and  improvement  of  thii 
harbor  were  thus  finally  completed,  and  the  funds  nearly  expended 
These  works  consist  of  the  foUovring,  to  wit : 

1.  Bulkheads  and  jetties  of  various  descriptions  have  been  built  fron 
time  to  time  along  Beach  Point  for  its  preservation  and  protection,  boU 
by  the  United  States  Government  and  by  the  local  authorities. 

2.  A  dike  was  built  in  1868  and  1869  by  the  State  of  Massachusett 
across  the  outlet  of  East  Harbor  Creek. 

3.  A  dike,  690  feet  in  length,  was  built  in  1868  and  1869,  by  the  Unitec 
States  Government,  across  East  Harbor  Creek  at  the  Wading  Plao< 
near  High  Head,  about  2  miles  above  the  outlet  of  the  creek. 

4.  In  1867-68,  about  6,000  linear  feet  of  fence  bulkheads  and  jetties 
were  built  for  the  protection  and  preservation  of  the  beach  at  Lon( 
Point  and  Beach  Point. 

5.  A  stone  bulkhead,  about  1,000  feet  in  length,  has  been  completed 
for  the  protection  and  preservation  of  the  outer  end  of  Long  Point,  th< 
light-house,  and  Three-gun  Battery. 

6.  A  substantial' dike  (272  feet  in  length)  was  built  in  1871-'72  acrosi 
the  head  of  Lancey's  Harbor,  near  Abel  Hill. 

7.  Beach-grass  planted  on  Beach  Point,  Long  Point,  Abel  Hill,  Cov< 
Section^  and  Oblique  Section,  and  at  the  last  two  places  brush  has  alw 
been  laid  for  their  further  protection. 

8.  The  projected  extension  of  the  several  jetties  on  Beach  Point  anc 
State  Dike  has  been  completed. 

9.  A  bulkhead  and  six  jetties  built  for  the  preservation  and  protectioi 
of  the  beach  at  Cove  Section,  near  High  Head,  were  encroached  upoi 
by  the  extraordinary  gales  of  INTovember,  1873,  and  January,  1874.  Thii 
bulkhead  is  607  feet  in  length,  and  the  jetties  have  an  aggregate  lengtl 
of  126  feet.  They  consist  of  a  frame- work  filled  with  brush  and  bal 
lasted  with  stone^  and  were  completed  in  December,  1874. 
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works  at  Cove  Section  have  accumulated  the  sand  to  such  an 
K)th  in  height  and  width  ^since  covered  and  strengthened  with 
ass),  that  it  is  believed  tiiat  this  weak  portion  of  the  beach  is 
ire  against  further  encroachment  by  gales, 
e  above-described  works  are  generally  in  excellent  condition, 
B  fully  answered  the  purpose  for  which  they  were  designed. 
I,  however,  require  constant  watching  and  occasional  repairs, 
as  they  are  to  injury  firom  the  violent  storms  to  which  they 
sed.  For  this  puri)ose  an  additional  appropriation  of  $1,000  is 
nided  for  the  fiscal  year  ending  June  30,  1880. 
propriation  of  $1,000  made  for  the  improvement  of  this  harbor 
rer  and  harbor  act  of  June  18,  1878,  or  so  much  thereof  as  may 
t  be  necessary,  it  is  propos^  to  apply  to  strengthening  the 
bulkhead  on  Long  Point  and  to  such  repairs  as  may  be  neces- 
le  several  other  works  built  for  the  protection  and  preser\'ation 
rbor. 

rd  to  the  estimates  for  the  work  done  for  the  pre8er\'ation  of 
3r,  they  api)ear  to  have  generally  agreed  with  the  amounts  that 
n  appropriated  and  exi>ended  therefor.  Much  of  the  work, 
has  been  for  repairs  and  extensions  not  foreseen,  but  abso- 
cessary  to  be  made  as  they  occurred,  for  which  no  previous 
could  be  made. 

o-wTi,  in  •which  tlie  above-deflcribed  works  are  Bituated,  is  a  port  of  entry 
collection  district  of  Barnstable,  Mass. 

owing  information  in  regard  to  the  revenue  and  commerce  of 
for  the  year  ending  December  31, 1877,  has  been  furnished  by 
d  States  collector  of  customs  at  that  place,  viz : 

revenae  coUected $2,454  10 

ports 1,686  00 

ports 14,032  00 

krrivalfl  and  departures  of  vessels,  10,170. 

Money  statement 

amount  available $3,170  67 

ropriat^d  bv  act  approved  Jane  18, 1878 1,  000  00 

*  '  $4, 170  67 

amount  expended  daring  fiscal  year 3,063  38 

amount  available 1, 107  29 

mated)  required  for  completion  of  existing  project 1, 000  00 

can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     1, 000  00 
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AXXl  AL  REPORT    OF   MAJOR   G.  K.  WARREN,    CORPS   OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1878. 

Engineeb  Office,  United  States  Army, 

Newport^  R.  /.,  August  3,  1878. 

General  :  I  have  the  honor  to  submit  the  annual  reports  of  improve- 
ments of  rivers  and  harbors  under  my  charge  during  the  fiscal  year  end- 
ing June  30,  1878. 

Very  respectfully, 

G.  K.  Warren, 
Major  of  Emgineers  and  Bvt.  Maj.  Gen.,  U.  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 
Chief  of  Biufineers^  U.  S.  A. 


Bi. 

IMPROVEMENT  OF  HYANNIS  HARBOR,  MASSACHUSETTS. 

• 

Hyannis  is  situated  on  the  south  side  of  Cape  Cod,  on  Nantucket  Sound.- 

Byannis  Harbor  is  the  sheltered  area  between  the  breakwater  and  the 

shore. 

This  breakwater  is  about  1,170  feet  long,  with  a  depth  of  12  feet  at 
mean  low-water  between  it  and  the  shore.  It  was  begun  in  1828  ami 
«Hitmne<l  with  few  interruptions  until  1837,  $70,931.82  having  been  ex- 
pended upon  it.     In  1853  $5,000  was  expended  in  repairing  the  east  end. 

Since  1870  $37,000  ha«  been  expended  in  rebuilding  the  part  above 
^ter  and  increasing  the  width  of  the  part  below  low-water. 

Nothing  has  been  done  on  the  breakwater  at  this  place  diuing  the 
incal  year. 

An  appropriation  of  $3,000  was  made  by  act  of  Congress  approved 
Jnne  18, 1878,  for  continuing  the  improvement.  With  this  amoiuit  it  is 
projiosed  to  strengthen  the  breakwater  by  putting  rii)rap  granite  about 
it^ba^e,  so  as  to  increase  the  slope  to  one  on  two  on  the  seaward  side, 
and  one  on  one  on  the  shore  side. 

A  historv  of  this  work  was  given  in  the  Annual  Report  of  the  Chief 
^Jf  Engineers  for  1875,  part  2,  pp.  206-268. 

The  amount  then  estimated  as  required  to  complete  the  work  was. 
ilO,0(iO.  This  amount  less  the  amount  appropriated  this  year  is  needed 
to  give  the  work  the  required  \^idth  of  base* 

I  would  call  attention  to  the  importance  of  putting  a  light-house  on 
the  ea*it  end  of  the  breakwater  instead  of  the  present  one  on  the  shore. 

HjaaiiLf  is  in  the  Banistable  collection  district.     Barnstable  is  the  nearest  port  of 
♦■atrr.    The  amonut  of  revenue  collected  there  during  the  fiscal  year  ending  June  30, 
Iff*^. '»  licit  known  to  this  office. 

15  £ 
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Money  statement 

July  1,  1877,  amount  available $42  94 

Amount  appropriated  by  act  approved  June  18,  1878 3, 000  00 

13.042  94 

July  1,  1878,  amount  expended  during  fiscal  year 4294 

July  1,  1878,  amount  available 3, 000  00 

Amount  (estimated)  required  for  completion  of  existing  project 7,00000 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    7, 000  00 


B   2. 

IMPROVEMENT  OF  WAREHAM  HARBOR,  MASSACHUSETTS. 

This  harbor  is  an  estuary  joining  Buzzard's  Bay  near  its  upper  or 
northern  end.  The  part  improved  by  the  general  government  extends 
from  Wareham,  where  it  is  crossed  by  a  railway  and  a  highway  brid{;:e, 
neither  of  which  has  draws,  to  Buzzard's  Bay,  a  distance  of  2  miles.  The 
improvement  of  this  harbor,  which  was  completed  in  1876,  was  to  inake 
a  channel  9  feet  deep  at  mean  low-water,  and  from  100  to  300  feet  wide 
in  the  upper  part  of  the  harbor,  and  10  feet  deep  and  from  250  to  300  feet 
wide  in  the  lower  part  of  the  harbor.  The  mean  rise  of  the  tide  is  4  feet 
The  depth  before  the  improvement  commenced  was  7^  feet  at  mean  low- 
water,  in  a  narrow  and  crooked  channel. 

A  history'  of  the  improvement  may  be  found  in  Annual  Report  of  the 
Chief  of  Engineers  for  1877,  Part  1,  pp.  194-196.  The  work  done 
under  the  last  tvvo  appropriations  was  at  a  much  less  price  than  esti- 
mated, so  that  we  had  about  $2,000  remaining  on  hand  when  the  improve- 
ment was  completed.  With  this  amount  it  was  deemed  best  to  build  a 
''  sand-catcher''  along  Long  Beach  to  arrest  the  sand  carried  over  it  by 
the  waves  in  storms  into  the  harbor.  This  work  was  commenced  last 
season  and  will  be  completed  in  this  season. 

No  ftirther  appropriation  is  needed  unless  a  greater  depth  is  required 
than  when  the  plan  was  adopted. 

Wareham  is  a  port  of  delivery.  It  is  in  the  New  Bedford  collection  district,  and  New 
Bedford  is  the  nearest  port  of  entr5\  The  amount  of  revenue  coUected  tiiere  duiiug 
the  fiscal  year  ending  June  30,  1878,  was  $23,762.33. 

Money  statement, 

July  1,  1877,  amount  available |2,057  74 

.July  1,  1878,  amount  expended  during  fiscal  year 1, 153  38 

.July  1,  1878,  amount  available 904  36 


B3. 

IMPROVEMENT  OF  NEW  BEDFORD  HARBOR,  MASSACHUSETTS, 

This  harbor  is  an  arm  of  Buzzard's  Bay  on  its  north  shore,  and  receives 
the  waters  of  the  Acushnet  River.  It  is  the  terminus  of  the  New  Bed- 
ford division  of  the  Boston,  Clinton  and  Fitchburg  Railroad,  by  means 
of  which  it  has  become  a  large  distributing  point  for  anthraeite  coal. 
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also  large  manufacturing  establishments,  and  it  has  the  largest 
ing  fleets  of  any  port  on  our  coast.  The  population  of  New 
nd  Fair  Haven  opposite  it  is  about  25,000. 
'.y  was  made  by  authority  of  Congress  in  1874,  a  rejwrt  of  which 
in  the  Annual  Reiwrt  for  1875,  Part  2,  pp.  28^1-287.  The 
bmitted  was  to  make  a  channel  200  feet  wide  and  15  feet  deep 
[)w- water,  from  the  deep  water  in  front  of  Fair  Haven  to  the 
ht  New  Bedford  across  the  shoals,  where  the  ruling  depth  be-. 
24  feet  at  mean  low-water.    The  mean  rise  of  the  tide  is  3.7 

»th  of  15  feet  was  adopted  here  because  that  wa«  about  all  that 
uld  carry  over  the  shoals  before  reaching  Fair  Haven, 
ount  estimated  to  complete  the  work  was  $24,000. 
ropriation  of  $10,000  was  made  by  act  approved  March  3, 1875. 
with  the  lowest  bidder,  the  Atlantic  Dredging  Company,  for 
per  cubic  yard,  made  a  channel  15  feet  deep  and  105  feet  wide, 
f  it  is  straight  from  deep  water  at  Fair  Haven  to  Commercial 
Bw  Bedford,  the  first  location  being  a  little  changed  to  secure 
ges  for  sheering. 

r  appropriation  of  $10,000  was  made  by  act  approved  August 
>ut  the  work  was  not  authorized  until  the  following  April.  A 
ras  made  with  Mr.  W.  H.  Molthrop  (Morris  F.  Brainard  doing 
,  the  lowest  bidder,  at  lOJ  cents  per  cubic  yard.  The  low 
^d  delays  in  executing  the  contract,  and  the  time  had  to  be 
to  June  30,  1877. 

price  not  only  enabled  us  to  complete  the  channel  to  the  width 
led,  but  to  increase  it  to  a  width  of  300  feet,  and  to  extend  it 
00  feet  farther  up  the  harbor  alcmg  the  harbor-line  in  front  of 
es  occupied  by  the  whalers,  and  to  the  channel  leading  to  the 
ve  the  bridge. 

uling  Railroad  Company  have  done  considerable  dredging  from 
ihaunel  to  their  wharves. 

terial  dredged  by  the  government  was  first  diunped  in  Clarke's 
rw^ard  east  of  Egg  Islands,  both  places  entirely  out  of  the  harbor, 
ropriation  was  asked  for  the  fiscal  year  ending  June  30,  1879. 
sked  for  the  succeeding  fiscal  year,  as  the  improvement,  as  far 
ized,  is  completed. 

^rations  in  the  last  fiscal  year  were  superintended  by  Mr.  H.  A. 
issi^tant  engineer. 

Money  statement. 

\  amount  available   $9,654  60 

I,  amount  expended  during  fiscal  year 8,852  78 

',  amount  available 801  82 


B4. 

•ROVEMENT  OF  FALL  RIVER  HARBOR,  MASSACHUSETTS. 

ver,  the  largest  cotton-manufacturing  town  in  the  United 
situated  on  Mount  Hope  Bay,  an  arm  of  Narragansett  Bay. 
r  Harbor  is  that  part  of  the  bay  in  front  of  the  town.  The 
oved  by  the  general  government  lies  between  the  Bodman 
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wharf  and  the  wharf  used  by  the  steamers  running  to  Providence,  a  dis- 
tance of  about  1,5(H)  feet.  The  improvement  sought  was  a  channel  12 
feet  deep  and  100  feet  wide  at  the  narrowest  part,  at  mean  low  water, 
where  the  depth  was  from  6  to  12  feet.  The  mean  rise  of  tide  is  4.7 
feet.  The  harbor  wa8  surveyed  in  September,  1873,  and  a  report  with 
plan  and  estimate*  submitted  by  me  Deceml>er  31,  1873,  and  printed  in 
Annual  Report  of  the  Chief  of  Engineers  for  1874,  Part  2,  pp.  284-286. 

The  amount  estimated  as  necessary  to  complete  the  improvement  as 
designed  was  $45,000. 

By  aet  of  Congress  approved  June  23, 1874,  $10,000  was  appropriated 
for  this  work.  '  With  this  amount  the  bowlders  lying  on  the  surfa<« 
were  removed  by  contract,  at  the  rate  of  $3.50  per  ton.  The  amount  re- 
moved under  this  contract  was  1,047J  tons  of  bowlders,  and  304  tons  of 
gravel  and  small  bowlders.  An  additional  appropriation  of  $10,000  was 
made  by  act  of  Congress  appix)ved  March  3, 1875.  This,  with  the  unex- 
pended fluids  of  the  previous  appropriation,  wjvs  expended  in  removing, 
by  contract,  21,222.19  cubic  yawls  of  material,  including  bowlders  of 
2  cubic  yards  and  less,  at  48  cents  per  cubic  yard,  and  136.53  cubic 
yards  of  bowlders  over  that  size. 

By  act  of  Congress  approved  August  14,  1876,  $10,000  was  appropri- 
ated for  this  work.  This  was  exj^ended,  by  contract,  during  the  piesent 
fiscal  year,  in  removing  12,857^  cubic  yards  of  material,  including  bowl- 
ders of  1  cubic  yard,  at  55  cents  per  cubic  yard,  and  176.34  cubic  yards 
of  bowlders  over  1  cubic  yard  in  size,  at  $8.40  per  yard. 

The  low  jmces  at  which  the  dredging  was  done  enabled  us  to  make  a 
channel  160  feet  wide  and  12  feet  deep,  with  an  additional  width  of  100 
feet  11  feet  deep  at  mean  low-water,  \iith  the  $30,000  appropriated.  The 
original  estimate  was  $45,000  for  a  channel  100  feet  wide.  The  c^st  of 
dredging  was  estimated  at  $1  per  cubic  yard ;  it  was  done  at  48  and  55 
cents. 

The  improvement  is  now  completed  with  a  channel  of  the  depth  sought 
and  an  increased  width. 

This  improvement  is  iu  the  Fall  River  eoUection  district,  and  Fall  River  is  the  port 
of  entry.  The  amount  of  revenue  collected  there  during  the  fiscal  year  ending  June 
30,  1878,  is  ii;l8,970.05. 

The  work  during  the  past  year  has  been  under  the  superintendence  of 
Mr.  H.  A.  Bentley,  assistant  engineer.  In  November  and  December, 
1875,  while  the  improvement  was  being  prosecuted,  tidal  observations 
for  a  liuiation  were  maile  in  order  to  establish  a  mean  low- water  plane, 
and  determine  the  rise  and  fall  of  tide.  The  following  is  a  table  of  these 
observations: 


High. 

water. 

Feet, 

5.9 

6.9 

as 

7.0 

a2 

a? 

tt.4 

6.2 

6.5 

6.4 

&6 

Low- 
water. 


Feei, 
2.7 
2.4 
2.0 
1.9 
L7 
2.0 
2.3 

2.7 
•>  •» 

2.4 
2.1 


Mean  ri»e  and  fall  4.7  feet.  Mean  low-water  is  referred  to  a  bench-mark,  wliich  is  the  top  of  the 
fonndation-stone  at  the  northwest  comer  of  Massasoit  Flour  Mill.  It  is  9  feet  7  iuchea  above  mean  low- 
water.    An  arrow  cut  in  the  stone  points  to  the  mark. 
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Maney  statement. 

iljl,  1&77,  amoDnt  available 110,256  47 

ilr  I,  1878,  amount  expended  during  fiscal  year 10, 256  47 


B5. 

IMPROVEMENT  OF  TAUNTON  KIVEK.  MASSACHUSETTS. 

This  estiiary,  or  so  much  of  it  as  has  been  improved  by  the  general 
vemment,  extends  from  Weir  to  Dighton,  a  distance  of  about  6  miles, 
lere  it  joins  or  widens  out  into  a  bay.  The  name  Taunton  River  is, 
wever,  sonietinies  applie<l  to  this  estuarj^  as  far  down  as  Fall  River, 
miles  l>elow.  At  Weir  it  is  spanned  by  a  drawbridge  with  two  opeii- 
rs  of  alK>ut  40  feet  ea^h.  At  low- water  the  river  is  in  many  places  less 
in  101)  feet  in  width,  and  before  dredging  there  was  not  more  than  1 
>t  de])th  in  the  shoalest  places.  The  mean  rise  and  fall  of  tide  at 
^toQ  is  5.28  feet;  at  Weir  since  the  improvement,  3.41  feet ;  before 
y  improvements  were  made,  it  was  probably  not  greater  than  2^  feet 
the  latter  place;  but  the  exac't  range  then  is  not  known. 
The  improvement  sought  at  first  was  to  get  small  sailing-vessels  up  to 
eir.  In  1852  a  survey  was  made  by  Lieutenant  Rosecrans,  and  in 
Member,  1853,  an  estimate  for  a  channel  00  feet  wide  and  4  feet  deep 

mean  low-water  was  submitted  by  Capt.  George  Button,  tin i ted 
ates  Engineers.  In  March.  1870,  Capt.  J.  A.  Smith,  United  States 
agineers,  in  a  report  upon  this  improvement,  estimated  for  a  channel 

the  same  ciiinensions  a«  that  of  Captam  Dutton.  An  appropriation 
'  *10,C)00  was  made  by  Congress  July  11, 1870,  and  another  appropria- 
m  of  $10,000  by  act  approved  March  3.  1871.  These  amounts  were 
cpendecl  in  dreclging  a  channel  through  tne  "  Needles."  On  thiB  com- 
letion  of  this  dredging  General  Thom,  United  States  Engineers,  had  a 
irvey  made,  and  from  this  survey  made  an  estimate  of  the  amount  of 
atenal  to  be  removed  to  secure  a  channel  9  feet  deep  at  mean  high- 
ater  up  to  Weir.  The  amount  estimated  as  necessary  to  be  i-emoved 
as  31,000  cubic  yards,  or  about  twice  as  much  as  for  the  improvement 
f  Captain  Dutton  in  1853  and  Captain  Smith  in  1870. 

It  will  be  observed  that  the  depth  sought  in  General  Thom's  plan  was 
feet  at  high-water,  while  that  estimated  for  by  Captains  Dutton  and 
mith  was  4  feet  at  mean  low-water.  This  w  ith  the  mean  rise  of  about 
I  feet  at  Weir  would  give  a  draught  of  about  7^  feet  at  mean  high- 
ater. 

At  the  time  the  first  estimates  were  made  only  small  sailing-vessels 
wended  the  river  at  high-water,  and  the  smallest  of  these  only  went 
bove  the  obstructions  at  the  "  Needles,"  the  others  unloading  below.  As 
oon  as  the  channel  was  dredged  through  the ''  Needles,"  larger  vessels 
fere  employed  and  tugs  used  to  tow  them  up  and  down  the  river. 

This  work  was  transferred  to  my  charge  July  1,  1872.  The  appropri- 
ation of  #10,000  made  by  act  approved  June  10,  1872,  was  expended  by 
oe  in  drwigiiig  a  channel  through  Burt's  Shoal  and  Pond's  Rocks  Shoal, 
iO  feet  wide  and  4^  to  5  feet  deep  at  mean  low-water,  in  accordance  w  ith 
he  plan  submitted  by  General  Thom.  Surveys  were  made  during  the 
reason  of  the  shoals  not  before  surveyed.  A  set  of  observations  were 
nade  to  establish  the  low  and  high  water  jdanes  from  Dighton  to  AVeir. 
fte  appropriations  of  $10,000  made  by  act  approved  March  3,  1873,  and 
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$10,000  by  act  approved  *Tune  23,  1874,  were  expended  in  dredging  and 
renio\ing  bowlders.  In  April,  1873,  a  sun- ey  was  made  of  the  channels 
dredged,  of  the  shoal  above  Berkley  Bridge^  of  the  obstructions  at 
the  "  Nook,''  at  Peter's  Point,  and  of  Cobb's  Shoal  at  Dighton.  No  de- 
tailed examinations  had  been  made  at  these  points,  and  only  approxi 
mate  estimates  for  the  removal  of  the  obstructions. 

As  before  stated,  vessels  ai*e  almost  invariably  towed  up  and  down 
this  river.  The  tugs  with  their  vessels  and  scows  start  fix)m  Dighton 
on  the  flood-tide  as  soon  as  they  can  cross  the  rocks  and  shoals  in  that 
part  of  the  river,  in  order  to  reach  Weir  by  or  before  high-water,  and 
that  a  new  tow  can  be  formed  to  take  down  the  river  on  the  first  of  the 
ebb. 

If  any  delay  occurs  in  taking  the  tow  up  so  that  they  cannot  leave 
Weir  until  after  ebb  has  commenced,  they  will  not  re^ch  the  obstruc- 
tions at  and  near  Dighton  until  the  tide  has  fallen  2  feet.  Here,  then, 
under  these  circumstances,  we  would  not  have  secured  a  9-foot  draught 
for  vessels  by  making  9  feet  depth  at  mean  high- water.  To  do  this  it 
was  determined  to  make  in  the  work  below  the  "  Needles"  10  feet  depth 
at  mean  high-water. 

With  the  $10,000  appropriated  by  act  approved  March  3, 1875,  a  chan- 
nel 10  feet  deep  at  mean  high-water  was  dredged  through  Cobb's  Shoal 
at  Dighton,  and  of  the  same  depth  at  Wikamount,  and  bowlders  re- 
moved from  the  "  Nook,"  and  the  point  of  the  ledge  extending  into  the 
channel-way  at  Petei^s  Point.  This  com^deted  the  improvement  de- 
signed to  allow  vessels  of  9-feet  draught  to  ascend  to  Weir  at  time  of 
mean  high-water,  except  the  shoal  at  Berkley  Bridge  and  some  bowl- 
ders scattered  along  the  channel  and  in  sharp  bends. 

To  do  this  it  was  estimated  $5,000  would  be  required.  With  9  feet 
secured  in  this  river,  except  on  the  sand  shoal  at  Berkley  Bridge,  which 
lacks  but  a  few  inc^hes  of  the  required  depth,  vessels  and  barges  have 
been  emj^loyed  drawing  nearly  or  quite  this  (lepth,  and  as  the  tugs  start 
with  them  at  Dighton  before  high-water  they  strike  at  Berkley  Bridge 
Shoal,  and  often  at  new  shoals  and  bowlders  above,  which  probably 
have  9  feet  at  mean  high- water,  but  not  at  any  lower  stage  of  the  tide. 

The  barges  used  here  are  very  long,  and  frequently  in  making  the 
short  turns  strike  both  banks  of  the  channel. 

The  bowlders  are  dangerous  obstructions,  and  with  the  $2,000  appro- 
priated by  iict  of  Congress  approved  June  18,  1878,  it  is  proposed  to  re- 
move them  as  far  as  the  funds  will  j^ay  for.  The  removal  of  Berkley 
Shoal  to  10  feet  depth  at  meiin  high- water  would  allow  vessels  to  go 
farther  up  before  striking,  but  it  is  deemed  best  to  leave  this  iis  a  limit- 
ing depth  and  use  the  available  funds  in  removing  bowlders  to  give  in- 
creased depth  and  width.  The  improvement  of  this  river  will  be  sub- 
stantially completed,  as  designeif,  to  give  9  feet  draught  with  the 
expenditure  of  $5,000,  estimated  for  by  me  in  Annual  Report  of  Chief 
of  Engineers  for  1870,  Part  1,  pages  205,  200.  Tlus  will  re(iuire  an  ap- 
propriation of  $3,000  in  a<ldition  to  the  amount  now  available,  which  is 
a^sked  for  the  fiscal  year  ending  June  30,  1880. 

A  larger  channel  would  be  desirable,  and  no  doubt  will  be  asked  for, 
but,  \v\t\i  the  completion  of  the  improv^ement  as  originally  designed,  1 
do  not  feel  authorized  to  estimate  for  anything  more. 

Tauutoii  River  is  iu  the  Fall  River  coUoctioTi-district.  The  amouut  of  revenue  col- 
lected during  the  fiscal  year  ending  June  30,  1878,  was  $18,970.05. 
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Money  statement. 

ruljl,  1877,  amount  available ilOO  93 

Imomit  appropriated  by  act  approved  June  18,  1878 2,  000  00 

|2, 100  93 

Fnlyl,  1878,  amount  expended  during  fiscal  year 100  93 


Filly  I,  1878,  amount  available i     2,000  00 

Lmount  (estimated)  required  for  completion  of  existing  project 3,  000  00 

LmoQDt  that  can  \ie  profitably  expended  in  fiscal  year  ending  June  30, 1880      3, 000  00 


B  6. 

IMPROVEMENT  OF  PAWTUCKET  OR  SEEKONK  RIVER,  RHODE  ISLAND. 

Xo  work  has  been  done  in  this  river  during  the  past  fiscal  year.  The 
remainder  of  the  last  appropriation  is  reserved  to  deepen  certain  shoals 
which  are  reforming,  or  for  the  removal  of  any  accidental  obstruction. 

For  a  historv  of  this  work  see  Annual  Reports  of  the  Chief  of  Engi- 
wers  for  1874,'  Part  2,  page  227 ;  and  for  1876,  Part  1,  page  207. 

PawtQcket  River  is  in  the  Providence  collection  district,  and  that  place  is  the  nearest 
port  of  entrv.  The  amount  of  revenue  collected  there  during  the  fiscal  year  ending 
Jane  30,  1878,  was  $171,553.79. 

Money  statement 

July  1,  1877,  amonnt  available $1,511  28 

Jaly  1»  1878,  amount  exi>ended  during  fiscal  year 127  75 

JoIt  1,  1878,  amount  available 1,383  53 


B  7 

IMPROVEMENT  OF  PROVIDENCE  RIVER  AND  NARRAGANSETT  BAY,  RHODE 

ISLAND. 

Providence  River  is  an  estuary  extending  from  Nayat  Point,  Nana- 
gansett  Bay,  to  Providence.  Its  length  is  about  7  miles,  with  a  width 
varying  firom  1,000  feet  to  2  miles,  and  a  depth  from  12  to  50  feet  at  mean 
low-water.  At  its  head  this  estuary  is  joined  by  another  called  the  See- 
konk  or  Pawtucket,  extending  4  miles  ftirther  to  the  town  of  Pawtucket. 
Providence  has  upward  of  100,000  inhabitants,  with  large  manufactu- 
ring and  commercial  industries.  The  legislature  of  the  State  has  estab- 
lished harbor  lines  as  far  down  as  Field's  Point,  about  5^  miles  above 
Nayat  Point.  The  parts  above  Field's  Point  are  called  Providence  Har- 
bor. From  Providence  to  the  sea  is  about  28  miles,  with  ample  width 
and  depth  below  Xayat  Point  for  the  movement  or  anchorage  of  any 
nmnber  of  the  largest  vessels. 

The  improvement  sought  is  for  a  channel — 

23  fifft  deep  at  mean  low-water,  150  feet  wide. 
»)  feet  deep  at  mean  low-water,  600  feet  wide, 
l5f  feet  deep  at  mean  low-water,  725  feet  wide. 
12  fi^t  deep  at  mean  low-water,  940  feet  wide. 
6  feet  deep  at  mean  low- water,  1,060  feet  wide. 

The  general  government  has  expended  about  $56,500  in  the  improve- 
ment of  thi^  harbor  between  Fox  Point  and  Field's  Point,  making  a  depth 
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of  12  feet  at  mean  low- water.  In  addition  to  this  amount  the  cit>'  of 
Providence  has  expended  upward  of  $90,000  in  dredging  the  harbor, 
mainly  above  Fox  Point. 

Under  date  of  February  18,  1878, 1  made  a  report  in  regard  to  the  im- 
provement of  Providence  Harbor  and  the  channels  of  approach  to  it 
This  report  was  printed  as  Sen.  Ex.  Doc.  No.  34,  Forty-fifth  Congress, 
second  session,  and  is  part  of  this  report. 

By  act  of  Congress  approved  June  18,  1878,  $50,000  wa«  appropriated 
for  the  improvement  of  this  river  and  bay.  This  it  is  proposed  to  exi)eiid 
in  dredging  a  channel  23  feet  deep  in  the  shoalest  part  of  the  present 
channel,  the  work  to  be  done  by  contract  after  advertising  in  the  usual 
manner.  By  the  same  act  of  Congress  $5,000  was  appropriated  for  the 
removal  of  Bulkhead  Rock.  This  rock  is  on  the  side  of  the  deep  channel 
of  the  river,  about  2^  miles  below  Fox  Point.  It  lies  in  the  path  of  ves- 
sels bei^ting  in  or  out  of  the  river  and  should  be  removed.  In  my  former 
reports  upon  this  obstruction  I  have  estimated  for  its  removal  to  a  depth 
of  18  feet  at  mean  low-water,  at  a  cost  of  $5,000.  At  that  time  18  feet 
wa«  the  goveniing  depth,  but  with  the  depths  of  the  proposed  channel 
this  shoidd  be  removed  down  level  with  th^  bottom,  about  20  feet  at 
mean  low- water.  To  do  this  will  probably  cost  $10,000,  and  as  it  c^n  be 
done  cheaper  by  making  the  depth  required  at  once,  it  is  thought  advis- 
able to  reserve  the  present  amount  until  another  appropriation  for  the 
river  is  made,  when  the  work  can  all  be  done  at  once. 

Providence  is  in  the  Providence  collection  district,  and  that  place  is  a  port  of  entry. 
Tlie  amount  of  revenue  collected  there  during  the  fiscal  year  ending  June  30,  lc<78,  is 
$171,553.79. 

Money  statement. 

Improvement  of  Prov'idence  Hirer  and  Narragansett  Bay, 
Amount  ap j»ropriated  by  act  approved  June  18,  1878 $50,  000  00 

July  1,  1878,  amount  available 50,  0<W  00 

Amount  (estimated)  required  for  completion  of  existing  project 450,000  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30,1880.     100,  000  00 

Improvement  of  Providence  Biver — removal  of  Bulkhead  Bock, 

July  1,  1877,  amount  available $74  98 

Amount  appropriated  by  act  approved  June  18,  1878 5,  000  00 

5,074  96 
July  1,  1878,  amount  expended  during  fiscal  year 74  98 

July  1,  1878,  amount  available 5,  000  00 


special  report  on  improvement  of  providence  river  and  nar- 
ragansett bay,  rhode  island.* 

Office  of  the  Chief  of  Engineers, 

WaMngton,  D.  C,  February  25,  1878. 

Sir  :  I  beg  leave  respectfully  to  return  herewith  the  resolution  of  the 
Senate  of  the  United  States  of  the  3l8t  January  last — 

That  the  Secretary  of  War  be  directed  to  furnish  to  the  Senate  any  information  in 
his  department  relative  to  the  improvement  of  Providence  River  and  Narragansett 
Bay,  with  an  estimate  of  the  cost  of  such  imj»rovement, 

*  Printed  as  Sen.  Ex.  Doc.  34,  Forty-fifth  Congress,  second  session. 
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And,  in  obedience  to  its  requirements,  to  submit  the  inclosed  copy  of 
report  on  the  subject  from  Maj.  G.  K.  Warren,  Coqjs  of  Engineers,  to 
bom  it  was  referred.  This  report  is  very  full,  and  conveys  all  the  in- 
ruiation  contemplated  by  the  resolution. 

It  will  be  seen  that  the  improvement  which,  in  the  opinion  of  the  har- 
r  commissioners  of  the  State  of  Rliode  Island,  is  demanded  by  the 
erests  of  commerce,  consists  in  making  a  channel  of  23  feet  in  depth 
mean  low- water  from  Pro\adence  to  the  sea,  and  they  estimate  that 
?  whole  amount  of  dredging  required  for  this  purpose  will  be  about 
4)1,040  cubic  yards,  at  a  cost  of  $500,234.29.  In  this  estimate  no 
owance  for  rock-excavation  is  made,  though  it  will  in  all  probability 
in  some  places  required. 

Fhe  order  in  which  the  work  of  improvement  should  be  executed  is. 
Major  Warren^s  opinion,  first,  to  make  the  deep  channel  for  ocean 
tamers  from  Providence  to  the  sea ;  then  to  proceed  with  the  work  of 
dening  the  channel,  &c. 

Hie  cost  of  this  deep  channel  he  estimates  at  $100,000,  and  deems  it 
be  in  the  interest  of  economy  to  appropriate  the  whole  sum  at  once. 
1  concur  in  Major  Warren's  views. 

Very  respectfully,  your  obedient  servant, 

A.  A.  Humphreys, 
Brigadier- Oeneral  and  Chief  of  Engineers. 
Hon.  Geo.  W^.  McCrary, 

Secretary  of  War. 


REPORT. 


Engineer  Office,  United  States  Army, 

Newport^  JR.  J.,  February  18,  1878. 

General.  :  I  have  the  honor  to  submit  the  following  report  in  obedi- 
ee  to  your  letter  of  instructions,  of  Febniary  2,  transmitting  a  copy  of 
e  resolution  of  the  United  States  Senate,  made  on  Januarj^  31,  and 
50  in  obedience  to  your  letter  of  February  7,  transmitting  a  resolution 
the  United  States  House  of  Representatives,  parsed  on  February  5, 
th  in  regard  to  the  improvement  of  Providence  Harbor,  Rhode  Island, 
d  the  channels  of  approach  to  it. 

The  House  resolution  requires  a  report  "  based  on  examinations  and 
neys  made  by  the  Coast  Survey  or  other  departments  of  the  govern- 
*nt,''  which,  as  far  as  I  know,  are  as  follows : 

In  the  year  1872,  under  an  act  of  Congress,  I  made  a  survey  from  Fox 
»nt  to  Field's  Point  (see  Annual  Report  of  Chief  of  Engineers  for 
73,  page  969),  and  e^^timated  the  cost  of  dredging  off  the  point  of  Long 
fd,  for  which  $10,000  was  appropriated,  and  the  point  dredged  off  in 
e  summer  of  1873. 

In  1874  the  United  States  Coast  Surv^ey  made  a  new  sur\^ey  which  also 
vered  this  portion  of  the  harbor,  and  a  copy  of  the  map  was  furnished 
e  Rhode  Island  Board  of  Harbor  Commissioners,  which  copy  I  have 
nKulted.  There  is  as  close  agreement  in  the  result  of  the  two  surveys 
\  could  be  exjiected,  so  that,  as  a  basis  for  an  estimate  of  quantity  of 
aterial  to  be  removed  in  this  part,  nothing  more  is  desired.  There  is 
une  uncertainty  as  to  the  amount  of  rock  that  may  be  encountered,  but 
^  cannot  be  definitely  determined  except  as  the  dredging  is  being 
tfried  on, 
l>uring  the  past  summer,  upon  application  of  the  governor  of  Rhode 
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Island,  the  President  of  the  United  States  appointed  Eear-Admiral 
Daniel  Ammen,  chief  of  the  Bureau  of  Navigation,  United  States  Navy^ 
Prof.  Heniy  Mitchell,  United  States  Coast  Survey,  and  myself,  members 
of  an  advisory  council  to  the  Board  of  Harbor  Commissioners  of  Rhode 
Island,  and  this  council  had  several  meetings  with  the  Harbor  Commk- 
sioners  to  consider  the  improvement  of  Providence  Kiver  and  Harbor. 
The  harbor  proper  is  taken  to  comi)rise  the  part  between  Fox  Point  and 
Field's  Point,  a  distance  of  about  8,800  feet.  Through  about  2,800  feet 
of  this  there  is  ample  channel-depth.  Through  the  other  6,000  feet  the 
depth,  in  places,  shoals  to  14  and  15  feet,  and  at  the  upper  end  to  12  feet 
at  mean  low-water.  This  limits  the  size  of  the  vessels  that  can  reach 
the  present  wharves.  The  mean  rise  of  the  tide  is  about  4J  feet.  In 
regard  to  the  improvement  of  this  portion  the  Advisory  Council  give  the 
following  opinion  to  the  Harbor  Commissioners : 

In  a  port  like  Providence,  employed  for  miscellaneous  commerce,  the  ffreatest  good 
to  the  j^reatest  number  is  to  be  secured  by  a  channel  of  18  feet  depth  at  low  tide.  In 
order,  however,  not  t^  exclude  vessels  of  CTeat^r  draught,  we  recoumiend  that  the 
channel  should  have  a  central  pathway  of  23  feet  depth,  150  feet  wide. 

The  form  of  channel  that  would  meet  these  requirements  and  have  the  most  |)enna- 
nent  slopes,  would  have  the  following  widths,  naturally,  between  its  contours  in  light 
alluvium : 

23  feet  depth,  150  feet  wide. 
20  feet  depth,  600  feet  wide. 
18  feet  depth,  725  feet  wide. 
12  feet  depth,  940  feet  wide. 
6  feet  depth,  1,060  feet  wide. 

We  recommend  that  this  channel  should  be  carried  from  the  city  to  Field's  Point, 
following  generally  the  present  channel  below  Fox  Point;  and  using  the  above  table 
as  a  guide  as  far  as  possible  for  computing  the  amount  of  material  to  be  remove<l  (and 
not  as  a  convenient  plan  of  dredging),  we  find  from  the  original  hydrographic  sbeet 
of  the  Coa«t  Survey  (1326  A),  executed  in  1874,  that  the  necessary  dredging  would  then 
have  been  two  and 'one-quarter  millions  of  cul)ic  yards,  bank  measurement. 

The  average  length  of  vessels  likely  to  seek  this  harbor,  if  improved,  may  be  set 
down  at  150  feet,  and  these,  with  average  draught  of  18  feet,  would  re(iuire  54  feet  of 
cable,  giving  her  radius  of  swing  room  202  feet.  These  vessels,  anchored  most  carefully 
on  both  sides  of  the  channel  proposed,  would  leave  321  feet  gangway  for  the  passage 
of  other  vessels.  If  anchore<i  w^ith  only  the  onlinary  care  (but  still  under  8Ui)ervi8ioii 
of  a  harlwr-master)  "the  width  of  the  gangway  would  sometimes  not  exceed  15<)  feet. 
It  is  assumed  that  so  few  vessels  of  extraordinary  draught  would  be  in  port  at  the  same 
time  that  the  harbor-master  could  so  arrange  them  as  to  avoid  having  any  two  of 
them  in  the  same  section.  It  is  proper  to  regard  the  vessels  as  lying  transversely  to 
the  direction  of  the  channel,  because  during  the  seasim  when  the  largest  fleet  vimU 
this  port  winds  from  the  west-southwest  and  southwest  prevail. 

In  j»roviding  for  anchorage-room  on  either  side  of  the  gangway  rather  than  excavat- 
ing a  special  basin  for  anchorage,  it  has  been  Iwme  in  mind  that  the  whole  channel  in 
the  absence  of  vessels  at  anchor  will  be  useful  for  the  passage  of  vessels  under  sail,  and 
that  this  channel  traversed  by  tidal  currents  will  be  less  likely  to  freeze  up  than  a 
sheltered  basin,  or  more  easily  broken  out  when  frozen. 

Tlie  Harbor  Commissioners  have  also  made  an  estimate  of  the  amount 
of  material  to  be  removed  to  make  a  channel  23  feet  deep  at  mean  low- 
water,  and  400  feet  wide,  with  an  additional  width  each  side  of  200  feet, 
gra<lually  shoaling  up  to  a  depth  of  10  feet  at  mean  low-w^ater.  The 
amount  is  1,421,720  cubic  yards.  But  in  their  communication  to  me 
dated  February  8,  transmitted  herewith,  they  adopt  the  plan  and  esti- 
mate of  the  Advisory  Council. 

In  order  to  secure  the  depth  of  23  feet  at  mean  low- water  below  Field's 
Point,  dredging  must  be  done  at  Pawtuxet  Shoal  and  at  Gaspee  Shoal. 

The  Harbor  Commissioners'  estimate  for  the  amount  to  be  removed  at 
these  two  places,  is  upon  the  design  to  make  the  channel  23  feet  deep 
and  400  feet  wide  and  200  feet  each  side,  shoaling  ui).to  10  feet. 

At  Pawtuxet  Shoal,  cubic  yards 733,686 

At  Gaspee  Shoal,  cubic  yards 46,000 
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In  order  to  allow  vessels  to  enter  and  leave  Providence  direct  by  the 
we^em  entrance  to  Narraganset  Bay,  drawing  23  feet  at  mean  low- water, 
another  shoal  must  be  removed  just  above  Rocky  Point,  which  the  Har- 
bor Commissioners  estimate  to  amount  to  424,824  cubic  yards.  Vessels 
using  the  middle  entrance  to  Narraganset  Bay,  would  not  have  to  pass 
this  shoal  neiir  Rocky  Point.  The  foregoing  quantities  are  bank-meas- 
urements ;  measured  in  scows,  the  quantity  would  be  increased  by  one- 
third. 

To  recapitulate,  we  have  now  the  following  estimates  of  quantities: 

E8TIMATK  OF  ADVISORY  COUNCIL. 

Fox  Point  to  Field's  Point,  cubic  yards,  bank-measurement 2, 250,000 

Fox  Point  to  Field's  Point,  cubic  yards,  measurement  in  •eow 3, 000, 000 

Cc*t '. $428,571 

ESTIMATES  OF  HARBOR  COMMISSIONERS. 

Fox  Point  t«  Field's  Point,  cubic  yards 1,421,720 

Pawtuxet  Shoal,  cubic  yards \ 733,686 

Ga««pee  8hoal,  cubic  yards 46, 000 

Eocky  Point,  cubic  yards 424, 824 

Total  bank-measurement 2,626,230 

Total  measurement  in  scow 3,  501, 640 

C«tt $500,2:^4  29 

No  jxx'k  is  included  in  the  foregoing  estimates,  and  although  some 
wiU  undoubtedly  have  to  be  removed,  as,  for  instance,  Bulkhead  Rock. 
thi»  is  comparatively  a  small  Item.  This  improvement,  when  made,  will 
be  iKjrmaneiit. 

The  improvement  desired  will,  at  present  prices,  cost  about  $500,000. 
The  im]x>rtauce  of  doing  this  is  so  well  set  forth  in  the  accompanying 
communication  made  to  me  by  the  Board  of  Harbor  Commissioners  that 
1  have  iiotliing  to  add  on  this  ix>int. 

The  first  improvement  to  be  undertaken  is  to  make  the  deep  channel 
lor  ocean-steamers,  from  Providence  to  the  sea,  and  let  the  widening  for 
anchorage  and  for  a  beating-channel  for  sailing-vessels  follow.  For 
making  such  a  channel  200  feet  wide  and  23  feet  deep  at  mean  low-water 
I  have  estimated  would  reciuire : 

FYofu  Fox  Point  to  Field's  Point,  434, 000  cubic  yards,  measured  in  scows. 
At  Pawtnxet  and  Gaspee  Shoal,  175, 000  cubic  yards,  measured  in  scows. 

609,000  cubic  yards,  measured  in  scows. 

At  $1  for  7  yards,  this  would  cost $87,000 

Add  for  removal  of  rocks  and  superintendence 13,  000 

100,000 

To  cut  through  the  shoal  near  Rocky  Point  200  feet  wide  and  23  feet 
deep  at  mean  low-water  would  require  the  removal  of  300,000  cubic  yards, 
measured  in  the  scows ;  and  inasmuch  as  this  shoal  can  be  avoided  by 
using  the  middle  entrance  to  the  bay,  it  is  not  an  imx)ortant  obstruction. 
It  now  has  a  ruling  depth  of  18  feet  at  mean  low- water. 

All  the  estimates  below  Field's  Point  are  based  solely  upon  the  United 
States  Coast  Survey  charts,  on  one  of  which,  sent  herewith,  the  proposed 
channel  is  marked. 

If  the  revenue  of  the  government  will  allow  such  an  expenditure  in 
one  year  it  would  be  best  to  appropriate  the  sum  of  $100,000  in  one  year, 
80  that  the  benefit  may  be  at  once  obtained. 

PTo\-idence  is  in  the  Providence  coUecticm  district  and  is  a  port  of  entiy.  The  reve- 
nue from  cnstomBy  during  the  fiscal  year  ending  June  30,  1876,  was  $182,352.57. 
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The  United  States  in  fonner  years  has  expended  about  $56,500  on 
imimnement  of  this  harbor. 
Very  respectfully, 

G.  K.  Warren, 
Major  of  Engineers^  Brevet  Major-General^  U,  /S'.  A. 
Brig.  Gen,  A.  A.  Hu^iphreys, 

Chief  of  EngineerSj  l\  S.  A. 


COMMUXICATIOX  FROM  THE  STATE   BOABD  OF   HARBOR  COMMISSIONERS. 

Sir  :  We  have  received  from  yon  a  communication,  inclosing  a  resolution  of  the 
Houi^e  of  Representatives,  of  which  the  following  are  copies : 

"  Engineer  Office,  United  States  Army, 

'*  Xewport^  R.  I.,  February  d,  1878, 

"  Sir  :  I  have  just  receive<l  the  resolution  of  the  House  of  Representatives  of  which 
the  in«'1osed  is  a  copy.  The  subject  has  been  referred  to  me  by  the  Chief  of  Engineers, 
United  States  Army,  for  r<*p«»rt,  with  dire^-tions  to  confer  with  parties  representing  the 
intercMtH  involvetl.  The  matter,  you  know,  has  already  been  considered  by  us,  sii  that 
its  jHiintH  are  familiar.  I  wish,  therefore,  you  would  forward  to  me  such  re]K»rt  fnim 
your  honorable  Board  as  will  reprt^j^ent  the  que«tion  in  the  light  you  regard  it,  to  aid 
me  in  making  my  report,  and  to  be  transmitted  with  it  to  the  Chief  of  Engineers.  In 
its  regular  course  it  will  probably  lie  transmitted  to  Congress  and  printed  for  the  iise 
of  the  members  in  passing  upon  the  subject  itself. 
"Yours,  respect  full  v, 

"G.  K.  Warren, 
"  Major  Engineers,  Brt.  Maj.  Gen.,  U,  S.  A. 
"  Mr.  J.  Herbert  Shedd, 

"  Ciril  Engineer,  President  Rhode  Island  Harbor  Commission." 

"Ix  the  House  of  Represen'tatives, 

**  February  5,  1878. 

"  On  motion  of  Mr.  Eames, 

"  Renolred,  That  the  Secretary  of  War  be,  and  he  is  hereby,  directed  to  communi- 
cate to  this  House,  as  soon  as  practicable,  what  improvements,  if  any,  are  demanded 
by  the  interests  of  commerce  for  the  improvement  of  navigation  to  the  port  of  l*n»vi- 
dence,  Rhode  Island,  based  on  examinations  and  surveys  already  made  by  the  Coast 
Survey  or  other  departments  of  the  government,  together  with  the  estimated  cost  of 
such  improvements." 

In  resiKmse  to  your  request  we  respectfully  submit  the  following : 

The  improvement  of  the  navigation  of  this  port  for  which  we  ask,  and  which  we 
consider  to  be  urgently  demanded  by  the  interests  and  for  the  safety  of  commerce, 
would  be  accomplished — 

First.  By  widening  and  deejwning  the  main  channel  from  Fox  Point,  above  and  east 
of  which  (on  the  ProWdence  and  Seekonk  Rivers)  are  our  present  wharves,  to  Field's 
Point,  which  is  at  the  entrance  to  the  inner  harbor  from  Narraganset  Bay.  The  dis- 
tance between  the  two  points  by  the  tlirea<l  of  the  channel  is  about  1^  nautical  miles. 
There  is  deep  water  at  both  the  upper  and  lower  ends  of  this  distance,  but  in  the  nud- 
dle  a  bar  exists  having  at  ]K)ints  only  14  feet  depth  of  water  at  low  tide.  A  channel 
suited  to  this  position  should  be  about  1,060  feet  in  width  between  its  outer  banks, 
150  fe-et  of  which  width,  in  the  center  should  l>e  23  feet  in  depth  at  low  water  and 
then  of  decreasing  depths  on  each  side  to  the  outer  banks,  where  this  depth  should  be 
6  feet  at  low  water.  This  form  of  channel  would  meet  all  the  requirements  of  the 
case.  It  would  afford  goml  anchorage-ground  on  each  side  of  the  central  pathway, 
leaving  a  free  course  for  the  maneuvering  or  passage  of  vessels  under  sail. 

Second.  Below  Field's  Point  within  the  bay,  a  continuous  channel  should  be  secured 
at  least  HOO  feet  in  width,  with  a  central  ]>athway  23  feet  in  dej»th.  This  part  of  the 
work  would  necessitate  the  deepening  of  the  natural  channel  at  three  ])oints.  to  wit, 
opposit-e  Rocky  Point ;  about  half  the  distance  between  Gaspee  Point  and  tne  Paw- 
tuxet  beacon ;  and  op|K)site  the  village  of  Pawtuxet.  The  channel  should  also  be 
widened  between  a  point  nearly  opposite  Pawtuxet  village  and  Field's  Point.  We 
should  then  have  an  unobstructed  passage-way  from  the  open  sea  to  our  docks  for 
such  heavy-draught  foreign  and  coastwise  vessels,  and  for  such  numbers  of  aU  draughts 
as  would  certainly  seek  our  harbor  if  so  improved. 

As  the  streams  emptying  into  the  harbor  are  not  of  such  size  or  character  as  to  bring 
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r  considerable  ainount  of  silt,  it  is  quite  pn>bable  that  if  the  channel  is  once 
improved  only  a  small  annual  outlay  will  be  required  to  preserve  its  condi- 

imated  volume  of  material  to  be  removed  between  Fox  Point  and  Field^s 
»ecure  the  desired  channel  is  about  2,250,000  cubic  yards,  measured  in  bank, 
rork  in  the  bay,  the  amount  would  l>e  aV)Out  1,204,510  cubic  yards, 
hereafter  appear  by  the  contract  prices  for  similar  work  for  the  city,  there 
r  no  harbors  where  dredyjing  <'an  be  more  cheajdy  done  ;  and  as  the  projjosed 
lent  consists  mainly  of  that  kind  of  work,  it  follows  that  at  comparatively 
t  the  chief  obstacle  to  our  advancement  in  commercial  pro8iH*rity  may  be 
We  feel  assured  that  the  contemplated  dnnlginc  can  be  aone  at  the  rate  of 
ards  for  $1.  If  this  work  is  done  a  continuous  cTiannel  of  about  150  miles  in 
f  23  feet  depth  of  water,  from  the  sea  to  this  port,  may  be  secured. 
y  of  Providence  has  peculiar  advantages  of  location  as  an  importing  and  ex- 
euter.  Its  outer  harbor  is  Narraganset  Bay,  through  one  of  the  two  uuob- 
passages  to  which  it  can  be  entered  by  the  largest  veswls  that  float,  in  any 
iny  time,  without  a  pilot ;  and  it  is  never  obstructed  by  ice  to  prevent  making 
irlKir.  It  is  completely  land-locked,  and  has  about  70  square  miles  of  anchor- 
re  the  entire  shipping  of  all  the  ])orts  of  the  United  States  could  ride  out  any 
safety. 

rljor  pro|)er  of  the  city  of  Providence  is  an  interior  basin  at  the  head  of  the 
ng  an  area  of  about  700  acres,  with  a  channel  leading  up  to  the  wharves, 
mel  is  olistructed  by  a  bar  having  only  14  feet  depth  in  places  at  low- water, 
i  stated. 

y  of  Providence  is  the  second  in  size  in  New  England,  and  the  sixteenth  in  the 
tate«.  It  now  contains  a  population  of  about  100, 0(X),  having  made  a  very 
wth  in  the  last  ten  years.  It  is  the  most  northerly  iiuportant  tenniuus  of 
convenient  navigation  from  Southern  ports,  lying  as  it  does  al)out  30  miles 
nterior  of  New  England,  and  having  direct  railrojwi  communication  with  all 
bose  States  and  the  Cauadas,  and,  by  tajjping  the  roads  leading  West,  with 
jinxliicing  States. 

le  radiating  center  of  supplies  of  raw  material,  as  also  the  market,  for  an 
aggr«»gate  of  manufacturing  industries  located  immediately  around  it,  and 
eveloped  and  sustaine<l  by  the  water-power  of  three  streams.  The  leading 
nre«  are  cotton  and  woolen  goods,  machinery,  aims,  &c.,  in  which  there  are 
,0<X),000  invest^Hl  capital. 

t-cloths  there  were  reported  sold  here  in  1877,  a  year  of  great  depression  in 
and  therefore  not  a  fair  showing,  2,742,330  pieces. 

•rage  annual  sales  during  the  previous  t^'u  years  amounted  to  4,614,733  pieces, 
al  reported  receipts  of  cotton  in  this  market,  by  all  routes,  during  the  year  1877, 
'>32  bales,  which  is  18,746  bales  less  than  the  average  during  the  previous  six 

a1  reported  receipts  of  wool  of  all  grades,  by  all  routes,  during  the  year  were 

les  and  sacks,  the  average  during  the  previous  six  yeaw  being  93,983  bales 

)  |>er  annum. 

last  census  of  Rhode  Island  it  appears  that  our  bleacheries  and  print-works 

I  about  6,000  tons  of  supplies  ot  foreign  growth  or  manufacture ;  but  there 

ulty  in  obtaining  the  facts,  and  the  general  belief  is  that  these  ligures  should 

r  increased. 

rnce  is  also  the  chief  coal-port  of  New  England.     The  total  reported  tonnage 

iring  the  year  1877  was  642,480  tons,  of  which  4,960  tons  were  foreign.    The 

«r  annum  during  the  previous  six  years  was  580,587  tons,  the  foreign  average 

jS  tons. 

al  reported  receipts  of  floui*  during  1877  were  324,539  barrels,  which  is  '.58,477 

ore  than  the  average  annual  receipts  of  the  previcms  six  yeai-s. 

lerefore,  to  the  extent  of  our  present  transportation  facilities,  is  an  importan. 

and  distributing  point  for  direct  importations  and  productions  for  exj>ort. 
wise>  traffic  it  is  already  the  leading  port  in  New  England  ;  and  with  our  har- 
proved  tliat  ocean-steamers  and  coastwise  vessels  of  the  heaviest  draughts 
ch  our  wharve«,  we  should  have  unsurpassed  facilities  for  becoming  a  com- 
»  we  already  are  a  manufacturing  center, 
last  wise  vessels  now  enter  this  bay  and  port  than  any  other  port  in  New 

Some  of  these  of  large  draught  of  water,  like  the  Philadelphia,  Norfolk, 
rnor«»  (freight)  steamers,  are  at  times  compelled  to  wait  hours  for  the  full 
ible  them  to  cross  the  bar  and  reach  the  inner  harbor. 

hers  are  effectually  barred  from  entering  the  poit  at  all  on  account  of  the 
r  depth  of  wat<er  in  some  pai*t<s  of  the  channel,  the  inconvenient  and  expen- 

of  which  i»  that  a  considerable  part  of  the  fi*eight  consigned  to  our  mer- 

niaunfactiirers,  besides  that  which  would  naturally  come  to  this  port  in 
iterior  points,  must  first  be  delivered  in  New  York  or  Boston  and  then  re- 
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shipped  by  rail  to  this  port.  One  of  the  onerous  feature*  of  this  process  is  that  the 
port-charges  elsewhere  are  about  twice  as  much  as  they  are  here,  and  this  is  one  con- 
siderable item  which  counta  with  sliiji-owners  in  favor  of  this  as  a  port,  of  entrj*. 

A  pressing  need  of  our  present  commerce  is  more  anchorage-n)om,  already  large,  to 
allow  the  channel  to  be  kept  free  for  the  passage  of  vessels.  As  many  oh  70  to 
75  V(»88el8  have  come  into  the  hai'bor  in  an  afternoon,  for  all  of  which,  with  those 
already  at  anchor,  there  is  not  sufficient  room.  The  result  is  a  frequent  block- 
ading of  the  channel  against  the  safe  passage  of  vessels  ill  and  out  of  the  harlw. 
Regular  lines  of  ptisseuger  and  freight  steamers  run  daily  between  this  and  other 
ports,  and  in  their  passage  through  the  channel  much  delay  and  danger  sometimes 
result  from  the  encroju'hments  of  anchored  vessels  lapjnug  out  over  their  couree. 
This  trouble  is  increased  during  the  summer  montlis  when  excursion-steamers  loaded 
with  passengers  are  passing  in  and  out  almost  hourly. 

The  State  does  not  ask  that  its  maritime  facilities  shall  be  developed  entirely  at 
the  ex])ense  of  the  United  State«  Grovemment.  Its  ai)preciation  of  the  importauce  of 
preserving  and  improving  the  advantages  it  already  possesses  is  shown  by  the  expendi- 
tures which  have  been  made  to  that  end.  The  government  of  the  city  of  Providence 
annually  appropriates  fi-om  |10,()00  to  $15,000  for  the  improvement  of  the  harbor.  A 
large  amount  oi  dredging  has  already  been  done  in  and  about  the  upper  part  of  the 
channel  with  the  money  thus  appropriated,  and  sums  paid  by  individuals;  and  now 
there  is  much  more  water  in  the  harbor  proper  and  around  the  docks  than  on  the  bars 
below. 

During  the  last  eight  years  $89,380.10  have  been  expended  by  the  city  for  dredging 
alone,  and  for  surveys,  plates,  &c.,  $2,474  more.  This  work  has  been  d(me  under  very 
favorable  conditions,  the  contract  for  last  year  for  dredging  about  168,000  cubic  yards 
having  been  made  at  9  cents  per  cubic  yard. 

The  amount  appropriated  by  the  city  for  the  current  year  is  |15,000,  and  a  contnict 
for  the  dredging  has  been  executed  at  13  cents  per  cubic  yanl,  requiring  the  mat<*rial 
to  be  earned  over  trestle-work  to  fill  flats  belonging  to  the  city. 

The  city  has  also  nearly  completed  the  removal  at  a  cost  of  $60,000  of  about  260,000 
cubic  yards  of  mud  from  the  Cove  Basin,  so  called,  at  the  head  of  Providence  River. 

The  chairman  of  the  Harbor  Committee  of  the  city  council  has  submitted  a  statement 
relative  to  the  city^s  operations  in  the  harbor,  of  which  the  following  is  a  c^py  : 

*'  Providence,  January  22,  1878. 

**  Sir:  In  reply  to  yours  of  the  10th  instant,  I  would  say  that  for  many  years  the 
city  has  expended  considerable  sums  upon  dredging  in  the  harbor,  as  will  appear  in 
the  inclosed  tabular  statement. 

*'  Our  citizens  and  our  city  government  fully  realize  the  imperative  necessity  of 
increasing  our  harbor  facilities,  and  a  judicious  and  comprehensive  plan  for  harbor 
improvement  will  assure<lly  i-eceive  cordial  support. 

*^If  (mly  work  could  be  done  in  the  river  and  bay,  below  the  point  where  the  city 
could  be  asked  to  expend  money,  we  might  hope  that  our  harbor  would  receive  anil 
our  wharves  a<JCommodat«  the  largest  vessels. 

*^The  following  statement  of  money  paid  and  work  done  on  the  harbor  since  1870, 
is  submitted  and  made  a  part  of  this  communication. 


For  the  year  ending  October  1 — 


1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 


^1 


Is 


^ 


$1. 100  00 
1,100  00 
1,160  00 
1,300  00 
1,300  00 
1,300  00 
1,633  33 
1.800  00 


10,683  33 


H 

•^1 


^ 


^^ 


1763  00 
321  00 


535  00 


1,  610  00 


I 


a 


$2,000  00 


474  00 


$16,  5^  10 

9.  532  81 

9,»40  56 

5.621  13 

14, 828  21 

10,  016  38 

11,  495  79 
11, 362  22 


2, 474  00  89,  38  100 


*'  111  1876  the  appropriation  for  dredging  the  harl>or  was  $11,500.  The  contract  for 
dredging  was  given  to  S.  A.  Hammond,  at  13  cents  per  cubic  yard. 

"  In  1877  the  appropriation  was  $12,i5>00.  The  contract  for  dredging  was  awarded  to 
Pi-ovidence  Dredging  Company,  at  9  cents  per  cubic  yard. 

"  For  1878  tJie  appropriation  is  $15,000,  and  contract  for  dredging  awarded  to  Thomas 
Potter,  at  13  cents  i)er  cubic  yard. 
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"The«e  low  prices  have  been  obtained  notwithstanding  the  fact  that  there  \\qh  l)een 
Ttra  trouble  to  the  contractor  ih  disposing  of  the  material.  Last  year  about  half  the 
Qnd  was  towed  16  miles  to  a  dumping-ground,  and  for  the  year  to  come  the  price  in- 
Indw  the  cost  of  transferring  the  material  by  cars,  on  trestle-work,  to  ground  too  high 
0  be  reached  in  scows.  This  is  required  in  order  to  develop  wharf-property. 
**  Ver>'  respectfully,  yours, 

"Arthur  T.  Dexter, 
"  Chairman  J  far  Committee  on  the  Harbor, 
"J.  Herbert  Shedd,  Esq., 

**  Chairman  of  the  State  Board  of  Harbor  Commissioners.^^ 

Wp  submit  a  copy  of  resolution  passed  by  the  Providence  Board  of  Trade: 

**  The  following  preamble  and  resolutions  were  read  and  unanimously  adopted  at  the 
QDoal  meeting  of  the  Providence  Board  of  Trade,  of  the  city  of  Pixividence,  R.  I., 
eld  JanoHjy  9,  1878: 

••  Whereas  this  city  is  situated  at  the  head  of  Providence  River,  affording  a  bn>ad, 
de,  and  natural  appniach  to  a  point  about  30  inilea  inland,  from  which  a  large  por- 
tm  of  the  New  England  States  may  be  c<mveuiently  reached ;  and 
**  Whereas  much  shipping  is  prevented  from  coming  to  this  j)ort  on  account  of  the 
Kkal  channels  lea<ling  to  the  harbor,  notwithstanding  our  city  government  has  already 
upended  considerable  sums  of  money  in  widening  and  deepening  the  channels  of  the 
irl>or:  Therefore, 

'*  Jienolredj  That  in  the  opinion  of  this  Board  it  is  desirable  and  necessary  that  steps 
^  taken  to  procure  aid  frcmi  the  United  States  Government  to  enable  the  improvement 
►  be  made,  so  that  the  natural  facilities  of  this  harbor  may  be  properly  developed  and 
ureased^ 

'*  Repaired,  That  the  president  of  this  Board  be,  and  he  is  hereby,  appointed  a  com- 
attee  to  confer  with  the  State  Board  of  Harbor  Commissioners,  and  is  ren nested  to 
Miperate  with  said  Board  in  urging  u^Mm  the  United  States  Government  tlie  impor- 
ntee  of  the  work  and  procuring  the  necessary  aid  therefor. 

*'  Providence,  January  29,  1878. 

**  I  hereby  certify  the  foregoing  to  be  a  true  copv  and  record. 

"F.  P.  Little, 

*^  Secreiary.*' 
The  Board  of  Trade  adopted  another  resolution,  as  follows : 

**/?«io7r«f,  That  the  president  of  this  Board  be  authorized  to  appoint  a  committee  to 
icertain  the  amount  of  foreign  and  domestic  goods  annually  Drought  into  this  dis- 
ict." 

The  committee  made  the  following  rei)ort : 

''Your  committee  were  notified  of  their  appointment  on  the  23d  ultimo;  they  were 
died  together  immediately,  and  have  held  several  meetings  to  consider  the  business 
»nfided  to  them. 

**  The  difficulties  in  the  way  of  obtaining  such  information  as  is  desired  are  many. 
be  want  of  time  precludes  the  possibility  of  issuing  circulars  to  our  merchants  and 
anufacturers  requesting  such  information  as  would  enable  us  to  estimate  accurately 
le  amount  of  material  required  in  their  business,  and  had  the  time  been  suflicient  the 
^Inctance  of  many  of  our  manufacturers  to  give  such  information  would  have  ren- 
pred  a  report  thus  obtained  inaccurate. 

''  The  huct  census  of  Rhode  Island,  taken  under  the  charge  of  a  most  faithful  and 
Scient  superintendent,  gives  the  capital  employed  in  manufactures  (that  is,  value  of 
a1  estate  and  machinery)  as  $49,942,871 ;  ot  raw  material  used,  |76,715,970;  of  prod- 
cts,  $126,659,875.  Under  the  head  of  special  manufacturer,  we  find  that  there  were 
nwT^ed  to  have  been  used  in  print-works  and  bleacheries  about  6,000  t<ms  of  material 
f  foreign  groi^-th  or  manufacture.  From  information  received  from  other  sources  the 
»t  item  is  believed  to  be  much  too  small,  and  the  same  discrepancy  may  exist  in  other 
gmreai. 

"  So  far  we  have  spoken  only  of  supplies  required  in  our  manufactures;  there  is  no 
oMible  means  of  obtaining  an  account  of  supplies  required  for  all  other  branches  of 
adnstry,  and  for  a  population  of  258,239  persons. 

"  Were  it  possible  to  obtain  ever  so  correct  an  account  of  the  wants  of  the  people  of 
fir  own  city  and  State,  we  should  still  be  far  short  of  the  information  of  which  we 
Tt  in  search. 

''  Providence  Harbor  is  the  natural  source  of  supply  and  the  natural  outlet  for  all  of 
he  country  lying  east  of  the  Connecticut  River,  north  to  the  Canada  border  and  we«t 
»f  Boston;  in  fact,  coming  from  the  South,  Providence  is  nearer  by  steam  by  24  hours 
ittn  the  harbor  of  Boston,  and  when  we  consider  the  dangerous  navigation  around 
Cape  C-od,  we  are  led  to  believe  that  with  sufficient  depth  of  water  in  our  bay  and  har- 
^,  the  Boston  lineis  from  the  South  would  find  it  for  their  advantage  to  make  Provi- 
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dence  the  tenninns  of  their  voyage,  and  transfer  by  rail  such  parts  of  their  cargoes  as 
may  l»e  destined  for  Boston. 

"With  a  view  to  estimating  the  number  of  tons  of  merchandise  that  is  auiiiialljr 
going  to  and  from  and  through  this  city,  we  have  requested  from  our  several  railroad 
companies,  and  fnim  the  New  York,  Phila<ielphia,  and  Norfolk  lines  of  steamers,  an 
account  of  the  number  of  tons  of  merchandise  transjMirted  by  them  during  the  pjist 
year. 

**  The  tonnage  on  the  railroads  is  given  in  total,  as  there  is  no  means  of  ascertaining 
how  much  may  go  from  point  to  ]>oint  on  the  roa<ls,  without  touching  this  city:  Imt 
when  we  consider  that  in  this  statement  there  is  no  account  taken  of  the  amount  carried 
by  the  smaller  lines  of  steamboats,  by  sailing-vessels,  and  by  teams,  we  may  not  fonii  a 
very  inaccurate  idea  of  the  business  of  this  port,  even  in  dull  times,  and  when  the  bars 
in  our  bay  prevent  us  from  receiving  a  veiy  large  part  of  the  business  that  the  posi-  " 
tion  of  our  city  would  otherwise  give  us. 

**The  accounts  received  from  the  railroads  and  steamboats  are  as  follows: 

Tons.    - 

Providence  and  Springfield 37,9^ 

Providence,  Warren,  and  Bristol 47, 036 

Providence,  Hartford,  and  Fishkill 296, 681 

Providence  and  Stcmingt<m 226, 945 

Boston  and  Providence 6;U,^ 

Providence  and  Worcester 641,135 

Windsor  Line  to  Philadelphia 48, 254 

Providence,  Norfolk,  and  Baltimore    105, 600 

Providence  and  Stonington  Steamship  Company  (boat  direct) 375,  IKX) 

Total  tons 2,410,4!* 

*'The  reconhi  of  the  custom-house  show  that  during  the  past  year  there  have  l»een 
123  foreign  and  5,520  domestic  arrivals ;  that  the  value  of  imports  was  $46ti,8t>8 ;  that 
there  were  broucht  by  water  201,699  bales  of  cotton,  37,745  bales  of  wool,  60,362  barrels 
of  flour,  685,336  bushels  of  grain,  and  642,4tf0  tons  of  coal. 

^'It  is  e.stinisited  by  competent  authority  that  the  wholesale  grocery  business  of  this 
city  amounts  to  $ll,000,0tK)  per  annum,  and  that  of  this  amount  $7,3(K),000  is  in  goocla 
of  foreign  gi'«»wth.  The  trade  in  drugs  and  chemicals,  which  is  very  largely  in  mer- 
chandise ot  foreign  growth  or  manufacture,  is  estimated  at  about  $5,000,000  per  anniun. 

"  The  domestic  importations  of  Providence  by  railroad  and  by  water  for  1877  are 
given  as  follows :  234,532  bales  of  cotton ;  324,5ii9  barrels  of  tiour;  1,549,096  bushels  of 
corn ;  586,905  bushels  of  oats ;  642,480  tons  of  coal. 

"  Respectfully  submitted. 

"James  Shaw,  Jr. 
"George  W.  Whitford. 
"Benjamin  W.  Parsons." 

As  illustrating  the  delays  resulting  from  the  shallowness  of  water  on  the  bar,  we 
insert  the  following  copy  of  a  letter  received  from  the  agent  of  one  of  our  principal 
steamship  lines: 

"Providence,  Norfolk  and  Baltimore  Steamship  Line, 

"Proridence,  R,  /.,  February  14,  1878. 

"Dear  Sir  :  I  beg  and  desire  to  call  your  attention  to  the  fact  that  in  the  year  1873 
the  Merchants  and  Miners*  Transportation  Company  of  Baltimore,  Md.,  inaugurated  a 
line  of  steamships  between  Baltimore,  Norfolk,  and  Providence,  and  styled  it  the 
*  Providence,  Norfolk  and  Baltimore  Steamship  Line.*  Since  this  line  wa«  set  in  mo- 
tion, owing  to  the  great  draught  of  water  of  our  steamers,  we  have  met  with  very 
sericms  delays  on  account  of  the  dejith  of  water  in  our  harbor.  The  steamers  of  this 
line,  when  full-freighted,  draw  18  and  20  feet  of  water,  and  have  touched  bottom  in 
midway  of  channel,  and  dragged  the  bottom  for  long  distances :  and  when  we  have 
had  strong  northwest  winds  we  experience  ver>'  much  more  delay.  If  our  steamers 
aiTive  on  an  ebbing  tide  of  2  or  3  hours*  duration  and  ground,  they  are  obliged  to  so 
remain  until  the  full  tioo<l-tide  makes  again,  causing  the  loss  of  valuable  time,  from 
6  to  8  hours,  which  is  exceedingly  annoying  to  our  patrons  and  ourselves.  1  will 
here  state  that  the  Merchants  and  Miners'  Transportation  Company  also  run  a  line 
of  steamers  between  Baltimore,  Norfolk,  and  Bost(m,  via  Cape  Cod,  and  I  have  often 
advocated  to  them  of  their  making  the  terminus  of  the  Boston  steamers  at  Pro>idence, 
and  connect  with  Boston  by  railroiid ;  but  our  company  has  always  contended  that  it 
was  not  jiracticable  to  do  so  with  their  largest  steamers,  on  account  of  the  shallow- 
ness of  the  water  in  our  harbor,  but  have  intnnat-ed  to  me  that  if  harbor  facilities  were 
such  at  Providence  that  no  <lelays  would  occur  on  account  of  depth  of  water,  and  the 
steamers  could  arrive  and  dex>art  at  any  time  of  tide,  that  ultimately  the  terminus  of 
the  Boston  line  would  be  established  at  Providence.    This  lino  is  an  importiint  one 
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r  the  city  of  Providence,  ranniiie,  as  it  doesj  direct  to  the  Sonth,  connecting  at  Nor- 
[k,  Va.,  ^ith  the  Virginia  and  Tennessee  Air-Line  and  Seaboard  and  Roanoke  Rail- 
ida  for  all  points  south,  and  at  Baltimore  (Locust  Point),  Md.,  with  the  great  Balti- 
»re  and  Ohio  Railroad  for  all  points  west,  north,  and  southwest. 
'  I  trust  that  some  special  action  will  be  taken  by  the  State  this  present  year  to 
proTe  the  na\igable  waters  of  our  beautiful  Narraganset. 

"  Very  respectfully,  yours, 

"E.  H.  Rockwell, 
^* Agent  Pramdenee,  Norfolk  and  Baltimore  Steamship  Line. 
'J.  Hebbkrt  Shedd,  Esq., 

''  Chairman  of  the  Haroor  Ck>mmism4>ner8,*^ 

Tie  following  tabular  statement  has  been  furnished  to  us  by  General  Shaw,  collector 
his  port: 

Commercial  statistics  of  Providence,  1871  to  1877. 


1877. 


ign  arrtvals 

le  of  imports  (dollars)* 

ttrigie  arriTalj) 

kinging — 

I  of  cotton 

»  of  wool 

els  of  door 

eb  of  £Tain 

of  coal. 

TOXXAGK. 

eb 


187L 

1872. 

1873. 

1874. 

187& 

1876w 

205 

182 

175 

170 

91 

90 

652,281 

780, 616 

818,323 

412,688 

552,768 

288,454 

5,808 

6,542 

6,952 

4,665 

6,373 

6,326 

182,598 

108,325 

299,364 

254,235 

178,446 

218,267 

55,137 

43.540 

149,  561 

47,278 

37,  891 

39,904 

145, 375 

131, 713 

171,048 

261,920 

161,486 

88,682 

751.553 

886,058 

876,  617 

942,290 

822.  009 

716,  830 

548,660 

699,188 

709,784 

600,386 

691,847 

610, 359 

92 

85 

129 

123 

128 

131 

21,090 

19, 115 

22,489 

25,977 

34,107 

35,107 

123 

466,868 

5.520 

201,099 

37.745 

60,362 

685,334 

642,480 


131 
36,611 


*  Foreign  value  in  gold. 


I  of  whicli  is  respectfidly  submitted. 


neral  G.  K.  Warren, 
Major  of  Engineers,  U,  8.  A, 


James  Shaw,  Jr., 

Collector, 

J.  Herbert  Shedd, 
N.  F.  Potter, 
Jedediah  Williams, 
Harbor  Commissioners, 


B8. 

IMPROVEMENT  OF  NEWPORT  HARBOR,  RHODE  ISLAND. 

othing  has  been  done  here  during  the  past  fiscal  year,  and  no  work 
mtemplated  during  the  next.  The  small  amount  of  ftinds  available 
lie  beginning  of  the  year  has  been  expended  in  closing  up  the  work 
office  expenses. 

Money  statement 

1,  1877,  amount  available $30  14 

1,  1878,  amount  exi)ended  during  fiscal  year 30  14 


Bg. 

IMPROVEMENT  OF  BLOCK  ISLAND  HARBOR,  RHODE  ISLAND. 

Wock  Island  is  situated  about  12  miles  fipom  the  nearest  point  on  the 
inlaDd.    Its  nearest  natural  harbor  is  in  Narragansett  Bay,  some  25 

16  E 
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miles  distant.  The  island  is  about  9  mile«  long  and  about  4  wide  in  ite 
widest  part.  Its  iK)pulation  is  about  1,400.  The  improvement  sought 
was  the  building  of  a  harbor  for  larger  boats  than  were  heretofore  used 
by  the  fishermen  and  for  such  as  would  be  employed  in  bringing  coal, 
lumber,  &c.,  and  for  otherwise  facilitating  communication  between  the 
island  and  the  mainland. 

At  the  beginning  of  the  present  fiscal  year  the  main  work  had  been 
built  out  to  a  point  1,325  feet  from  the  shore  and  the  inner  harbor  with 
an  inclosed  area  of  about  1^  acres,  and  7  feet  depth  at  mean  low-water,^ 
completed.  At  that  time  stone  was  being  i)ut  into  the  work  by  Messrs. 
P.  Harrington  &  Co.,  of  Groton,  Conn.,  under  contract  at  $1.29  i)er  ton. 
They  continued  until  the  completion  of  their  contract,  November  30, 
1877,  ha\ing  put  in  from  the  first  34,268.73  tons;  of  tliis  amount  25,227.38 
tons  were  put  in  from  July  1  to  November  30.  They  were  enabled  to 
l)ut  in  this  large  amount  in  so  short  a  time  by  employing  a  large  number 
of  vessels  and  getting  the  stone  from  two  or  three  quarries.  The  build- 
ing of  a  detached  piece  gave  them  places  to  unload  three  or  more  vessels 
at  the  same  time. 

During  August  and  a  part  of  September  a  vessel  with  divers  was  em- 
ployed in  removing  bowlders  from  tlie  anchorage  sheltered  by  the  break- 
water. There  were  removed  517  tons,  at  a  cost  of  $2.20  per  ton  for  those 
up  to  10  tons  and  $6  per  ton  for  those  in  excess  of  this  size. 

The  condition  of  the  work  at  the  close  of  the  season  was  as  follows: 
The  breakwater  extending  out  1,425  feet  from  the  shore,  an  oi)ening  of 
200  feet,  and  then  a  detached  pier  300  feet  in  length,  the  first  50  feet  in 
prolongation  of  the  main  work,  the  secoiul  50  feet  on  a  line  making  an 
angle  of  15  degrees  to  the  left,  and  the  remaining  200  feet  on  a  line 
making  an  angle  to  the  left  of  15  degrees  with  the  second  50  feet. 

Our  experience  in  the  construction  of  the  work  thus  far  has  shown  that 
whenever  large  quantities  of  stone  have  been  jmt  in  during  the  season 
of  mild  weather  it  has  always  been  displaced  and  settled  down  by  the 
storms  of  winter.  This  had  occurred  while  the  work  was  in  much 
shoaler  water  than  that  built  during  last  season.  In  \iew  of  this  prob- 
ability, sufticient  ftmds  were  reserved  to  build  up  the  work  after  the 
stoiins  of  the  winter. 

During  the  winter  there  occurred  several  quite  severe  storms,  but  on 
the  10th  of  January  an  unusually  severe  one  visited  this  section.  At 
tlie  time  of  high-water  the  waves  rolled  in  over  the  beach  in  the  angle 
to  the  east  of  tlie  inner  harbor  with  sufficient  height  and  force  to  carry 
stone  weighing  40  to  50  j)ounds  over  the  parapet  of  the  east  crib  into 
the  basin.    This  parapet  is  about  8  feet  above  mean  high-water. 

An  examination  of  the  work  in  April  showed  that  the  he^d  of  the 
main  work  and  the  detached  piece,  all  built  last  season,  had  been  settled 
down  considerably  by  these  storms.  The  greater  part  of  the  change  of 
form  and  settling  seemed  to  be  confined  to  the  outer  or  most  exposed 
ends  of  the  work.  It  was  estimated  that  it  would  require  3,000  tons  to 
build  this  up  to  the  required  height  and  form. 

Advertisement  inviting  proposals  to  fiimish  and  jdace  this  stone  was 
made  Apnl  25, 1878,  and  on  the  25th  of  May  the  Ibllowing  were  received : 
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ifpropomH^  rtceired  at  the  Etigineer  Office,  United  States  Army,  Newport,  R,  /., 
!K>,  li?78,  at  10  a.  m,,/or  riprap  granite  for  breakwater  at  Block  Isiandy  R.  I. 


Name  of  bidder. 


Addreas. 


im  H-  Smith |  New  York  C  ity . . . . 

B.  Chapel Waterfoitl.  C<iun  . . 

Srtilly  &  Co GrotoD,  Conn 

A-  Sylve«ter Oiiuicy,  Mam* 

In?»raon  and  W.  H.  Molthrop. . .    New  London,  Conn 

Edaall New  York  City. ... 


«M 

u 

• 

8 
§ 

• 

^i 
U 

s 

B 

E 

|i 

9 

£-' 

June    1 

July  31 

$1  14 

June    1 

Julv  31 

1  28 

June    1 

July  31 

1  44 

June    1 

Jidy  31 

1  48^ 

June    1 

AuJE.    1 

1  05 

June    1 

July  31 

1  66 

t 


3,508 
3, 125 
2,  777 
2,00:{ 
2,424 
2,400 


mtract  was  awarded  to  the  lowest  bidder,  Mr.  Francis  H.  Smith, 

York,  at  $1.14  per  ton. 

was  commenced  in  the  latter  part  of  the  month,  and  up  to  the 

►ut  275  tons  had  been  put  in.    It  is  expected  that  the  contract 

ompleted  by  Augfust  31,  1S78. 

ill  complete  the  breakwater  for  a  harbor  for  local  purposes  at  a 

^285,(MX>.     We  have  been  enabled  to  do  this  at  a  much  less  cost 

imated,  by  dis})ensing  with  the  cut  stone,  using  only  riprap 

and  by  reason  of  the  fall  in  prices  for  such  work. 

ilancl  18  in  the  Newport  coUectioii  district,  which  place  is  a  port  of  entry, 
ae  coUectecl  during  tne  fiscal  year  ending  June  30,  1^8,  is  $1,466.41. 

Money  stntement, 

r?,  amonnt  available , $46,978  96 

'8,  amount  expended  during  fiscal  year 41,424  24 

'8,  amount  available 5,564  72 


B  10. 

IMENT  OF  PAWCATUCK  RR^ER,  RHODE  ISLAND  AND  CONNECTI- 
CUT. 

Tk  has  been  done  here  during  the  past  fiscal  year,  and  none  is 
lated  during  the  next.  The  small  amount  of  funds  available  at 
nninj^  of  the  year  has  been  expended  in  closing  up  the  work  and 
expenses. 

Money  statement. 

77,  amount  available $101  97 

78,  amount  expended  during  fiscal  year 101  97 


B  IX. 

EMENT    OF    LITTLE   NARRAGANSETT   BAY,  RHODE    ISLAND   ANl^ 

CONNECTICUT. 

bay  lies  between  Stonington,  in  the  State  of  CJonnecticut,  and 
Hill,  in  Khode  Island.    It  is  entered  from  Fisher's  Island  Sound, 
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and  it  receives  the  waters  of  Pawe^tiick  River,  at  the  head  of  navigation 
of  which  are  the  flourishing  towns  of  Pawcatuck,  Conn.,  and  We^^terly, 
R.  I.,  with  their  mills  and  fine  granite  quarries.  The  general  govern- 
raent  has  already  dredged  a  channel- way  in  the  river  up  to  these  towns, 
75  feet  wide,  54  feet  deep  at  mean  low-water,  and  8  feet  deep  at  mean 
high-water.  The  entrance  to  the  bay  is  deep,  but  a  shoal  extends  all 
across  its  wider  portion,  which  cannot  be  pa^ssed  at  mean  low- water  with 
vessels  dra^ving  more  than  4^  feet  or  7  feet  at  mean  high-water,  and  it 
was  besides  obstructed  with  dangerous  rocks.  The  bay  was  surveyed  by 
authority'  of  the  general  government  in  1875,  and  is  reported  on,  with 
project  for  improvement,  in  Annual  Rei>oit  of  Chief  of  Engineers  for  1876, 
Part  1,  pp.  217-221.  The  project  was  for  a  channel  7^  feet  deep  at  mean 
low- water,  and  200  feet  wide,  together  with  the  removal  of  the  dangerous 
rocks.  The  reason  for  making  it  deeper  than  the  channel  made  in  the 
river  is  to  enable  vessels  to  pass  it  in  the  earlier  stages  of  the  tide,  and 
thus  insure  reaching  Westerly  on  the  crest  of  the  tide-wave.  The  esti- 
mated cost  was  $51,000. 

The  act  of  Congress  approved  August  14,  1876,  appropriated  $5,000 
to  begin  this  improvement,  but  the  expenditure  was  not  ordered  until 
May,  1877.  Of  this  amount  $1,500  was  set  aside  for  superintendence 
and  for  removing  dangerous  rocks  near  Rhodes'  Folly  by  hired  lalwr, 
and  $3,500  for  making  the  proposed  channel  near  Pawcatuck  Point,  by 
contract  with  the  lowest  responsible  bidder.  Pawcatuck  Point  was 
selected  because  part  of  the  material  to  be  removed  from  the  plac^  was 
known  to  be  bowlders,  while  all  the  other  parts  were  soft  digging.  It 
was  desirable  to  test  the  feiisibihty  of  the  whole  plan  at  once  by  opera- 
tions upon  the  most  difiicult  part.  There  was  the  additional  reason  that 
if  a  channel  were  opened  here  it  would  be  available  ^ith  nearly  as  much 
water  in  other  parts  as  the  route  heretofore  used  and  with  better  steer- 
ing ranges  and  less  dangers. 

It  is  reported  in  the  last  annual  report  (Part  1,  page  204)  that  the 
contract  had  been  awarded  to  W.  H.  Molthrop,  of  Kew  London,  Conn., 
to  remove  the  material,  including  bowlders  of  a  size  not  exceeding  one 
cubic  yard,  at  the  rate  of  30  cents  per  cubic  yard,  and  all  bowlders  of  a 
greater  size  at  the  rate  of  $5  per  cubic  j^ard. 

The  dangerous  rocks  near  Rhodes'  Folly  having  upon  them  a  less 
depth  than  7^  feet  at  mean  low- water,  have  all  been  removed  by  hired 
labor.  The  amount  was  131  cubic  yards.  One  rock  weighing,  probably, 
150  tons  had  to  be  blaste<l,  and  the  pieces,  as  well  as  the  otlier  rocks, 
were  lifted  by  scows  under  the  action  of  the  rising  tide. 

Work  near  Pawcatuck  Point  was  begun  July  4,  1877,  by  a  verj'  poor 
dredging-machine,  which  two  daj^s  after  hauled  otf  for  repairs.  Another 
dredge  was  obtained  September  24,  and  this  continued  until  December 
17,  when  work  was  abandoned  for  the  winter.  The  time  of  completion 
was  extended  from  November  30,  1877,  to  June  30,  1878.  The  dreclge 
^  resumed  work  on  the  3d  of  June  and  continued  till  the  17th  of  that 
month,  when  her  boiler  burst,  fortunately  without  serious  injiirj'  to 
the  crew.  Nearly  all  the  work  had  now  been  done  that  the  funds  would 
pay  for,  and  the  object  of  testing  the  character  of  the  excavation  havmg 
been  acxjomplished,  I  regarded  the  contract  as  completed. 

Two  cuts,  ha\dng  a  combined  width  of  34  feet,  have  been  made  aerose 
the  shoal  at  the  point,  and  another  cut  about  one-third  of  the  way  in 
the  part  where  the  dredging  is  easiest.  A  ridge  of  bowlders  was  en- 
countered miming  across  the  new  channel,  ha\ing  a  width  of  about  50 
feet.  About  halt  of  these  were  larger  and  the  other  half  smaller  than 
-  one  cubic  yard.    About  69  cubic  yards  of  the  large  size  were  removed 
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'  per  yard.    The  other  material  removed  amounted  to  4,015  cubic 

5  at  30  cents. 

?  new  channel  is  too  narrow  to  be  of  any  use  as  yet.    It  is  proposed 

pend  the  appropriation  of  $10,000  approved  June  18,  1878,  along 

the  remainder  of  the  former  appropriation,  in  comi)leting  the  chan- 

pposite  to  Pawcatuck  Point  to  the  width  of  200  feet  and  depth  of 

t  at  mean  low-water,  and  to  commence  the  deepening  of  the  chan- 

?st  of  this,  if  there  is  money  enough. 

original  estimate  was  for  $51^000,  of  which  $15,000  has  been  appro- 

d.    The  remainder,  $36,000,  is  asked  for  the  next  fiscal  year. 

unprovement  is  in  both  the  coUection  districts  of  Providence,  R.  I.,  and  Ston- 
Conn.  The  revenue  coUected  at  the  first  named  during  the  last  fiscal  year  is 
179. 

October  and  November,  1877,  a  set  of  tide-observations  was  made 
ify  the  mean  low-water  plane  at  Watch  Hill,  established  in  making 
r\'ev  in  1875.    The  difference  in  the  mean  rise  and  fall  of  tide  was 

>t. 

bench-mark  at  Pawcatuck  Point,  to  which  mean  low-water  is  re- 
is  a  bolt  in  the  south  face  of  the  largest  bowlder  on  the  southwest 
'  Pawcatuck  Point  at  the  low-water  line.  It  is  3.07  feet  above 
low-water.  Simultaneous  obsen  ations  were  niiide  at  Westerly 
iweatiick  Point  to  get  a  mean  low- water  for  the  upper  part  of  the 
tuck  River,  the  bench-mark  to  which  the  old  mean  low- water  plane 
ferred  having  been  carried  away  by  ice.  The  new  bench-mark  is 
>  of  the  cap-log  at  southeast  comer  of  Cottrell  and  Babcock's  Wharf, 
tuck. 


(  marked 


and  is  5.19  feet  above  mean  low-water.    This 


rement  has  been  superintended  by  Mr.  H.  A.  Bentley,  Assistant 
eer. 
following  is  a  table  of  the  observations  made  at  Pawcatuck 


Date. 

High- 
water. 

Low- 
wat«r. 

Date. 

Hiffh- 
water. 

Low- 
water. 

1878. 
9   

FeeL 

10.60 

10.90 

10.70 

11.70 

10.30 

11.00 

11.60 

10.90 

10.50 

10.40 

10.10 

11.10 

10.70 

ILIO 

FteL 

8.0 

8.10 

8.20 

7.80 

7.80 

7.90 

aso 

8.0U 
8.20 
8.30 

aoo 
a  20 
ao 
aso 

November  3 

Feet. 

10.30 

9.60 

10.90 

10.80 

10.  50 

10.70 

10.80 

10.20 

10.70 

10.20 

10.00 

9.80 

9.70 

9.80 

Feet. 
7.10 

;i 

November  4 

6.70 

2 

November  5 

7.40 

3 

November  6 

6.70 

•4 

November  7 

7.00 

» 

November  8 

7.80 

s            

November  9 

8.10 

17                

November  10 

8.00 

S 

November  11 

a  80 

9 

November  12 

8.70 

10      

November  13.. 

a50 

11 

November  14 

8.20 

T  1            

November  15 

7.80 

t2 

November  16 

aoo 

Mean  rise  and  £ei11  of  tide  2.63  feet. 

Money  statement. 

1877,  amonnt  available $5,  000  00 

t  appropriat<?d  by  act  approved  June  18,  1878 10,  000  00 

115,  000  00 

1878,  amonnt  expended  during  fiscal  year 4,  320  62 

1878,  amonnt  available 10,679  38 

t  (estimated)  reonirwl  for  completion  of  existing  project 36,  0(X)  00 

t  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     36, 000  00 


I 
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Bl2. 

IMPROVEMENT    OF    CONNECTICUT    RIVER    BELOW    HARTFORD,    CON- 

NECTICUT. 

The  improvement  under  this  heading  consists  of  two  essentially  differ- 
ent kinds  of  work: 

First.  The  removal  of  the  shoala  that  form  ever>'  yea?  during  flood 
stages  between  Middletown  and  Ilailford,  a  distance  of  about  16  miles. 
The  moat  important  ones  are  known  as  Hartford  Bar,  Pratt's  Feriy  Bar, 
Glastenbury  Bar,  Di>idend  Bar,  and  Pistol  Point  Bar.  The  Hartford 
Bar  and  Glastenbury  Bar  have  required  dredging  every  season.  That 
at  Glastenbury  has  required  more  than  all  the  others  combined.  It 
seems  called  for  to  make  a  special  sun  ey  to  see  if  some  permanent  work 
can  be  done  that  "will  avoid  this  large  annual  expenditure.  The  object 
of  remo\ing  these  bars  is  to  secure  a  draught  of  9  feet  at  low-water  to 
Hartford,  and  for  this  puri^ose  a  channel  about  60  feet  wide  has  to  be 
th^edged  through  varying  distances.  An  annual  appropriation  of  about 
$5,000  is  thus  required. 

Second.  To  deepen  the  water  at  Saybrook  Bar  and  also  to  render  its 
passage  more  easy  and  less  dangerous.  In  it«  natural  condition  its 
mean  low- water  depth,  about  6  feet,  limited  the  draught  of  steam- vessels 
which  had  to  enter  ^\ithout  regard  to  stage  of  tide.  The  improvement 
attempted  has  been  to  deei>en  the  water  on  the  bar  by  confining  its 
action  by  means  of  stone  jetties,  the  littoral  current  of  the  sound  tides 
preventing  any  extension  of  the  bar. 

The  improvement  of  the  upper  part  between  Middletown  and  Hart- 
ford has  always  been  the  most  needed,  and  no  money  has  been  exi)ended 
on  Saybrook  Bar  until  the  other  was  attended  to.  Even  at  the  bar  the 
removal  of  wrecks  lying  in  the  usually  navigated  channel  has  been  of 
more  importance  than  work  on  the  jetties,  and  these  latter  have  only 
been  extended  by  the  suq)lu8  of  appropriations  not  needed  for  the  other 
purjioses. 

At  the  beginning  of  the  fiscal  year  dredging  was  being  done  on  the 
bars  below  Hartford  by  a  dredge  hired  by  the  day,  and  the  wreck  of  the 
schooner  E.  J.  Meany  was  being  removed  fix)m  Saybrook  Bar  by  con- 
tract.   The  removal  of  this  wreck  was  completed  July  25,  1877. 

There  were  no  ftinds  remaining  to  do  any  work  ujK)n  the  jetties  at  Say- 
brook Bar  during  the  fiscal  year. 

Dredging  wa«  continued  on  the  bars  above  Middletown  until  Septem- 
ber 30,  1877.  There  were  removed  from  Glastenbuiy  Bar  in  this  time 
14,231  cubic  j^ards,  making  a  channel  60  feet  wide  and  about  40,000  feet 
long,  with  a  depth  of  9  feet  at  low-water.  With  the  3,G17  cubic  yanls 
removed  in  Jime,  1877,  reported  in  my  last  annual  report,  there  were 
removed  from  this  bar,  during  the  season  of  1877,  17,848  cubic  yards  oi 
material  at  a  cost  of  $5,387.50,  or  30.2  cents  per  cubic  yard.  Tliere  were 
removed  from  Hartford  Bar  2,202  cubic  yards  of  material  at  a  cost  ol 
$473.50,  or  at  a  cost  of  21.5  cents  per  yarcl. 

The  total  cost  for  dredging  was  $5,800,  to  which  should  be  a<lded  $04(1 
for  superintendence,  making  the  cost  for  the  season  of  1877,  $0,500. 

In  May,  1878,  the  water  had  fallen  so  low  that  the  boats  began  to 
touch  on  the  bars.  Under  date  of  May  24  authority  was  aske<l  to 
employ  a  dredge,  tug,  and  scow,  at  a  rate  not  to  exceed  $75  i>er  day,  to 
be  employed  when  needed.  This  was  granted  May  28,  and  a  dredge 
put  to  work  on  the  29th  on  Glastenbury^  Bar.    On  "the  Ist  of  JiUy  she 
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]iad  dredged  6,426  cubic  yards  on  making  a  channel  1,310  feet  long,  50 
feet  wide,  and  9  feet  deep  at  low- water. 

By  the  act  of  Congress  approved  June  18,  1878,  $30,000  was  appro- 
priated for  the  river  below  Hartford.  Of  this,  $2,000  is  to  be  expended 
at  the  mouth  of  Salmon  River.  It  is  prox)osed  to  do  this,  deepen  the 
shoals  between  Middletown  and  Hartford  where  necessary,  and  extend 
the  jetties  on  Say  brook  Bar  to  its  outer  edge. 

For  continuing  the  work  on  the  Say  brook  Bar  and  dredging  the  shoals 
hetween  Middletown  and  Hartford  an  additional  appropriation  is  asked. 

The  importance  of  improving  this  portion  of  the  river  will  be  increased 
with  the  improvement  of  the  portion  above  Hartford. 

This  part  of  the  river  ia  in  the  Middletown  collection  district,  which  place  i«  a  port 
of  entry.  The  revenue  collected  daring  the  fiscal  year  ending  June  30,  1878,  ia 
$10,929.97. 

Money  stutement. 

July  1,  1877,  amount  availahle $10,713  75 

Amoiuit  appropriated  hy  act  approved  June  18,  1878 30, 000  00 

$40, 713  75 

July  1,  1878,  amoant  exx>ende<l  during  fiscal  year 8,  569  07 

Jily  1, 187^  amoant  available 32,144  68 

ioount  (eAtimated)  requu^ed  for  completion  of  existing  project 30,  000  00 

AoKHmt  that  can  be  proht^ibly  expended  in  fiscal  year  ending  June  30, 1880 .       30,  000  00 


B  13. 

mPROVEMENT  OF  CON^IECTICUT  RIVER  ABOVE  HARTFORD,  CONNECTI- 
CUT,  AND  BELOW  HOLYOKE.  MASSACHUSETTS. 

Aeconiing  to  the  recommendation  in  the  last  annual  report,  all  the 
reports  heretofore  made  were  combined  and  publication  with  the  dia- 
grams ordered  by  the  House  of  Representatives  during  it«  last  session.* 
T^A  is  in  a  measure  due  to  the  increasing  appreciation  of  the  importance 
of  trausportation  by  water  along  the  river.  It  is  hoped  that  more  sys- 
tematic and  enlarged  appropriations  will  be  made.hereafter  in  prosecut- 
ing the  improvement  if  it  is  expected  that  any  large  results  will  be  pro- 
duced. This  i)ortion  of  the  river  is  diiided  into  two  natural  divisions. 
The  first  is  from  Hartford  to  the  foot  of  the  Enfield  Bapids,  a  distance 
of  10-J  miles.  In  low  water  the  shoals  at  Barber's  Landing  Bar  do  not 
give  a  depth  of  more  than  18  inches,  and  we  are  at  present  putting  in 
wing-dams,  with  the  expectation  of  increasing  the  depth  to  3  feet.  The 
depths  on  two  bars  situated  above  this  one  were  thus  increased  in  1871, 
and  it  has  since  remaineil.  This  enables  light-draught  vessels  of  small 
sae  to  reach  Windsor  Locks,  at  the  foot  of  the  Enfield  Falls,  and  to 
there  pass  through  the  canal  (by  i)aying  toll  to  the  owners)  and  on  up 
the  river  to  Sjiringfield  and  Holyoke.  K  the  design  is  to  only  make  this 
little  use  of  the  river  the  present  appropriations  are  ample,  and  nothing 
is  needed  for  the  river  "on  or  above  Enfield  Falls  and  below  Holyoke," 
for  which  an  appropriation  has  been  made,  and  which  portion  forms  the 
memd  dimjfum  of  the  river  above  Hartford. 

If  the  design  is  adopted  to  make  a  low- water  depth  of  6  feet  between 
Hartfoitl  and  the  Enfield  Falls,  either  a  canal  must  be  built  or  the  river 
thoronghJy  rectified,  which  the  estimates  already  made  show  will  cost 

*  Hoaae  £x.  Doo.  101,  Forty-fifth  Congress,  second  session. 
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about  *1,000,000.  For  this  purpose  the  present  rate  of  appropriating  is 
quite  insufficient,  and  not  less  that  $100,000  a  year  will  be  required. 
This  is  the  estimate  I  have  submitted  below  for  this  part  of  the  river  for 
the  next  fiscal  year. 

In  the  money  statement  in  the  part  appropriated  we  have  included 
parts  on  hand  of  two  appropriations  apphcable  to  this  part  of  the  river. 

The  appropriation  for  the  part  "  on  and  above  Enfield  Falls  and  k- 
low  Holyoke  "  is  too  small  to  begin  the  new  canal  around  the  falls  with. 
I  have  made  a  separate  statement  of  this,  and  estimated  for  an  appro- 
priation of  $200,000  with  which  to  commence  this  canal  and  locks. 

The  work  during  the  fiscal  year  has  been  to  complete  the  combined 
report  and  to  make  a  contract  for  building  the  wing-dams  at  Barber's 
Landing  Bar.  The  following  is  an  abstract  of  proposals  received  after 
duly  advertising : 

Abstract  of  proposals  received  June  4,  1878,  at  10  a.  m.^for  building  two  stone  wing^dams  at 
Barbei-'s  Landing  Bar^  on  the  Connecticut  River  near  Hartford,  Conn, 


Name. 


Sidney  Edsall 
C.  C.  Goodrich 

Michael  O'Neil 


Address  of  bidders. 


New  York  City 

Secretary  fbr  Hartford  and  New  York 

Transportation  Company 

Hartford,  Conn 


9 


s 

c 
o 


Jane  IS 

May     5 
June  15 


5 
'3. 


Nov.  80 

June    5 
Nov.  30 


1.1 


5=1 


$2  11 

2  75 
4  15 


$3,165 

4.125 
6,225 


A  contract  was  entered  into  with  Mr.  Sidney  Edsall,  the  lowest  bid- 
der. 

Connecticut  River  above  Hartford  and  below  Holyoke  is  in  the  Middletown  collec- 
tion district.  Middletown  is  the  nearest  port  of  entry.  The  amount  of  revenue  col- 
lected there  during  the  fiscal  year  ending  June  30,  1878,  was  |10,929.97. 

Money  statement. 

Above  Hartford  and  below  Enfield  Fall8y  Connecticut. 


July  1,  1877,  amount  available 

July  1,  1878,  amount  expended  during  fiscal  year 


$15,562  47 
639  71 


July  1,  1878,  amount  available 14,932  76 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .      $100,000 

On  or  above  Enfield  FallSy  Connecticut,  and  below  Holyok^  Massachusetts, 

July  1,  1877,  amount  available $10,702  92 

July  1,  1878,  amount  available 10,702  92 

Amoimt  (esrimated)  retjuired  for  completion  of  existing  project 835,801  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  200,000  00 


B  14. 

surveys  and  examinations  of  connecticut  river.* 

War  Department, 
Washington  City,  June  10, 1878. 

The  Secretarj^  of  War  has  the  honor  to  transmit  to  the  House  of  Rep- 
resentatives, in  response  to  the  resolution  of  the  House  dated  April  24, 

*  Printed  as  House  Ex.  Doc.  101,  Forty-fifth  Congress,  second  session. 
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1878,  copy  of  a  report  in  detail  from  Brevet  Maj.  Gen.  G.  K.  Warren, 
major  Corps  of  En^ieers,  "of  the  surveys  and  examinations  of  the 
CoDiiecticut  River  between  Hartfortl,  Conn.,  and  Holyoke,  Mass.,  made 
since  1867,  under  the  direction  of  the  War  Department.'^ 

The  suggestion  of  the  Chief  of  Engineers  is  concurred  in,  that  the 
reiKirt  in  ^1,  with  its  diagrams,  be  published. 

Geo.  W.  McCeaby, 

Secretary  of  War. 
The  Speakbk  of  the  House  of  Representatives. 


letter  of  the  chdbp  op  engineers. 

Office  of  the  Chief  of  Engineers, 

Washingtonj  D,  C,  June  8, 1878. 

Sir  :  I  beg  leave  to  return  herewith  the  resolution  of  the  House  of 
Representatives  of  April  24,  1878,  which  was  referred  to  this  office  for 
rejjort,  viz :  "  That  the  Secretary  of  War  be  reiiuested  to  furnish  to  the 
HdUi^  of  Representatives,  as  soon  as  practicable,  a  report  in  detail  of 
the  survevs  and  examinations  of  the  Connecticut  River  between  Hart- 
ford,  in  Connecticut,  and  Holyoke,  in  Massachusetts,  made  since  1867, 
under  the  direction  of  the  War  Department,"  and  in  compliance  \*ith  its 
reqnirements  to  submit  the  accompanying  coi)y  of  a  report  from  Bvt. 
Maj.  Gen.  G.  K.  Warren,  major  Corps  of  Engineers,  the  officer  under 
whose  8ui>ervi8ion  the  imx)rovement  of  the  Connecticut  River  is  now 
being  carried  on. 

General  Warren's  report  is  very  full,  and  it  is  believed  will  furnish  all 
of  the  information  contemplated  by  the  resolution. 

I  concur  in  his  suggestions  that  the  rei)ort  in  full,  with  its  diagrams,  be 
published. 

Very  respectfully,  your  obedient  servant, 

A.  A.  Humphreys, 
Brigadier-Oeneral  and  Chief  of  Engineers. 

Hon.  Geo.  W.  McCrary, 

Secretary  of  War. 
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Engineer  Office,  United  States  Army, 

Neivporty  JR.  J.,  May  4,  1878. 

Sir:  The  matter  of  "a  report  in  detail  of  the  surveys  and  examina- 
tions of  the  Connecticut  Kiver  between  Hartford,  in  Connecticut,  and 
Holyoke,  in  Massachusetts,  made  since  1867,  under  the  direction  of  the 
War  Department,"  having  been  referred  to  me  to  furnish  the  necessary 
information,  I  have  the  honor  to  submit  the  following : 

In  the  act  making  appropriations  for  the  "  repair,  preservation,  &c., 
of  certain  public  works,  ♦  *  ♦  and  for  other  purposes,''  approved 
March  2,  1807,  was  an  appropriation  ^'  for  examinations  and  surv^eys '' 
at  places  named  in  the  foui'th  section  of  the  act,  one  of  which  was  the 
Connecticut  River  between  Hartford  and  its  mouth.  (See  Stat,  at  Large, 
vol.  14,  p.  418.) 

The  report  of  this  examination  and  survey  was  transmitted  to  Con- 
P^<8  in  February,  1868,  and  is  printed  as  H.  Ex.  Doc.  No.  153, 
Fortieth  Congress,  second  session.    Brevet  Col.  D.  C.  Houston,  Corps 


250  REPORT   OF   THE   CHIEF   OF   ENGINEERS. 

of  Engineers,  directed  this  work,  assisted  by  Mr.  Theodore  G.  Ellis, 
civil  engineer,  the  latter  conducting  the  operations  in  the  field  and 
famishing  the  detailed  rei>ort.  The  estimated  cost  of  improvements 
below  Hartford  was  $70,000.  No  report  is  made  concerning  the  part  of 
the  river  al)ove,  except  in  Ellis's  rei>ort,  on  page  10,  where,  under  the 
heading  "  Character  of  the  river,"  a  general  description  of  the  river 
is  given.  This  rei)ort  is  republished  in  the  Annual  Kei)ort  of  the  Chief 
of  Engineers  for  1868,  Appendix  P  3,  pp.  754-784. 

The  act  making  appropriations  for  rivers  and  harbors,  approved  July 
25,  1868,  made  no  proWsions  for  impro\ing  the  Connecticut  Kiver.  (See 
Stat,  at  Large,  vol.  15,  p.  171.) 

The  act  for  the  same  purpose,  approved  April  10,  1869,  also  made  no 
appropriation  for  the  Connecticut  Eiver.  (See  Stiit.  at  Large,  vol.  16, 
p.  44.) 

The  act  for  rivers  and  harbors,  &c.,  approved  July  11, 1870,  appropri- 
ated "  for  improvement  of  Connecticut  Kiver,  forty  thousand  dollars." 
(See  Stat  at  Large,  vol.  16,  p.  223.) 

The  changes  of  stations  of  engineer  officers  m  June,  1870,  brought  this 
improvement  luider  the  charge  of  the  writer  of  this  rei>ort. 

It  should  be  noted  in  regard  to  this  appropriation,  that  inasmuch  as 
there  had  been  no  estimate  mside  by  the  Engineer  Department,  under 
provisions  of  law,  for  an  improvement  of  the  Connecticut  River,  except 
below  Hai^tford,  and  that  inasmuch  as  the  amount  appropriated  by  the 
act  approved  July  11, 1870,  was  less  than  that  estimate,  it  was  reason- 
able to  think  that,  in  the  absence  of  any  mention  of  specific  place  of 
application  of  the  money,  it  was  all  intended  for  the  part  below  Hartford 
The  Hon.  P.  Sawyer,  member  of  the  House  fix)m  Wisconsin,  however, 
informed  the  Engineer  Department  that  it  was  understood  among  the 
members  of  Congress  interested  in  the  Connecticut  River  improvement 
that  half  of  the  appropriation  was  to  be  used  in  Massachusetts  and 
half  in  the  State  of  Connecticut.  Inquiry  among  those  members 
showed  that  this  was  their  understanding,  and  consequently  only 
$20,000  was  allowed  to  the  part  of  the  Connec^ticut  River  below  Hart- 
ford. The  condition  of  the  matter  up  to  this  time  was  given  in  the  An- 
imal Rei>ort  of  the  Chief  of  Engineers  for  1870,  at  pp.  74,  75,  and  in  Ap- 
pendix U,  pp.  44(>-448. 

The  continuation  of  the  somewhat  complicated  account  of  the  im- 
provement of  the  river  above  Hartford  (in  which  the  questions  of  siur- 
veys  and  examinations  and  of  improvements  are  difficult  to  sej^arate) 
wa«  given  in  the  Annual  Report  of  the  Cliief  of  Engineers  for  1871,  p. 
85,  and  in  the  Appendix  T  8,  pp.  756-758.  From  page  761 1  quote  the 
following : 

A  little  investigation  showed  that  the  idea  of  improvement  which  wonld  jiinip  the 
space  between  Hartfoni  and  the  boundary  of  Massachnsetts  and  bej^^in  work  in  that 
State,  must  have  arisen  from  some  misapprehension.  The  navigation  as  it  is  between 
Hartford  and  the  Massachusetts  line  is  so  bad  that  any  improvement  above,  while 
this  remains  the  same,  would  be  nearly  wortliless. 

I  thei-efore  atldressed  a  letter  to  the  Hon.  S.  W.  Kellogg,  member  of  Congress  from 
Connecticut,  requesting  him  to  confer  with  the  other  members  of  Congress  interested 
in  the  improvement,  and  inform  you  (the  Chief  of  Engineers)  whether  the  understand- 
ing was  not  that  the  improvement  should  be  made  by  expending  half  the  appropria- 
tion of  ^40,000  above  Hartford,  and  half  l>elow. 

On  the  19th  of  December,  1870,  I  received  a  communication  from  yon  (the  Chief  of 
Engineers),  dated  December  16,  stating  tlmt  fonner  restrictions  upon  the  appropria- 
tions were  withdrawn,  and  that  I  was  authorized  to  expend  it,  or  as  much  of  it  as  I 
deeme<i  necessar>%  above  Hartford. 

Accordingly,  on  the  20th  of  December,  I  gave  orders  to  General  Theodore  G.  Ellis, 
civil  engineer,  my  assistant,  to  make  a  report  on  the  navigability  of  tlie  Connecticut. 
River  as  far  up  as  the  north  boundary  of  Massachusetts,  and  surv'ey  such  part«  al)Ove 
Hartford  as  it  was  best  to  improve  with  the  f20,000. 
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These  examinations  and  snrveys  were  prosecuted  in  the  depth  of  win- 
ter, and  his  report  was  submitted  to  me  dated  March  4,  and  transmitted 
with  a  rejiort  irom  me  dated  March  15,  1871. 

The  plan  decided  tii>on  by  this  rejwrt  was  for  disbursing  the  $20,000 
between  Hartford  and  the  Enfield  Falls,  and  requiring  for  wing-dams, 
&c,  about  $17,000.  The  remainder,  $3,000,  was  re^iuired  to  make  the 
surveys  and  engineering  plans.    The  wing-dams  were  to  be  as  follows : 

AtHigley's  Point,  600  cubic  yards  of  stone,  at  $3 f;i,800 

At  Barber's  Landing,  900  cubic  yards  of  8t4>ne,  at  |3 2, 7(X) 

At  Tiinxi»  River  Bar,  7(H)  cubic  yards  of  stone,  at  |3 2,100 

At  Strong's  Island,  560  cubic  yards  of  stone,  |3 1,680 

AtScantic  River,  2,880  cubic  yards  of  stone,  $3 8,640 

For  removal  of  stumps > 80 

17,000 

General  Ellis  estimated  roughly  that  a  suitable  dam  and  lock  for 
passing  tlie  Enfield  Falls,  independent  of  the  locks  and  canal  belonging 
to  the  pr^^ent  water-power  company,  would  cost  $850,000. 

The  foregoing-named  reports  by  myself  and  my  assistant,  General 
Ellis,  are  the  first  of  the  examinations  and  surveys  made  on  the  Con- 
necticut River  above  Hartford  since  1867.  They  take  a  general  view  of 
the  whole  question  of  na\igation  of  the  Connecticut  River,  and  the  oi)in- 
ions  of  other  parties  are  discussed.  Tliey  are  printed  in  the  Annual  Re- 
port of  the  Chief  of  Engineers  for  1871,  pp.  760  to  768.  General  Ellis's 
report  is  a  part  of  the  subreport  made  to  accompany  this  one  firom  me. 

In  all  the  subsequent  surveys  and  control  of  the  work.  General  Ellis 
had  charge  of  the  work  in  the  field  under  my  direction,  and  his  rei>orts 
give  the  engineering  operations  and  plans  and  estimates  in  detail,  while 
my  rex>orts  give  an  accoiuit  of  the  general  direction  of  the  work,  of  the 
disbursements,  of  the  reasons  for  the  course  of  investigation  pursued, 
and  a  summary  of  the  most  important  results.  There  are  no  ditterences 
between  our  reports  on  any  questions.  His  reports  were  always  at- 
tached to  mine  as  subreports,  and  I  have  attached  them  all  to  this  report. 
But  in  order  to  preserv^e  the  continuity  of  each,  1  have  had  him  write 
aD  of  his  rei>orts  as  one  final  subreport  to  this  one  from  me,  and  mine 
are  all  united  together  so  as  to  read  continuously  here ;  re\iTiting  such 
parts  as  are  necessarj'  to  make  them  appear  properly  under  this  arrange- 
naent,  and  omitting  parts  not  now  required. 

In  the  act  for  rivers  and  harbors,  ajiproved  March  3, 1871,  there  was 
appropriate<l  "  for  improvement  of  Connecticut  River  above  Hartford 
and  below  Holyoke,  $20,000.''    (See  Stat,  at  Large,  vol.  16,  p.  5:^8.) 

In  May,  1871,  advertisements  for  proposiils  with  specifications  as  to 
kuid  of  work  in  constructing  the  wing-dams,  &c.,  between  Hartfonl  and 
the  Enfield  Falls,  and  the  resiUting  proposals  are  i)iiblished  on  i)p.  7o8, 
750,  Annual  Re|X)rt  of  Chief  of  Engineers  for  1871,  in  the  table  under 
the  heading  "Wing-dams."  The  work  was  awarded  to  the  lowest  bid- 
der, C.  McClellan  &  Son,  Spring-field,  Mass.,  the  price  being  $2.40  per 
cubic  yartl  measured  in  the  dams;  and  on  page  760  of  the  report  just 
refeireil  to  above,  the  contractors  were  reix)rted  at  date  of  August  31, 
1871,  to  be  at  work  on  the  Scantic  River  Bar. 

Differing  Aiews  of  the  proper  manner  of  improving  the  navigation 
above  Haitford  have  now  become  developed.  Some  iiersons  contended 
that  Congress  never  designed  that  the  Enfield  Rapids  should  be  im- 
proved, which  idea  the  incompetency  for  such  a  work  as  the  amount 
appropriated  seemed  to  favor;  while  others  residing  above  the  falls, 
among  whom  was  Mr.  Buell,  the  citj^  engineer  of  Springfield,  Mass.,  held 
that  the  fells  must  be  improved,  because  of  the  insufficiency  of  the 
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existing  canal,  and  its  onerous  tolls  upon  vessels  using  it.  The  capacity 
of  this  canal  is  fully  reported  in  Greneral  Ellis's  reports,  but  it  may 
be  as  well  to  repeat  here  that  it  is  limited  to  boats  of  about  80  feet 
length,  18  feet  width,  and  3  feet  to  4  feet  draught  of  water. 

I  therefore  thought  it  best  to  have  a  thorough  sur\"ey  made  of  the 
Enfield  Falls,  and  a  plan  of  improvement  de\ised  with  a  reliable  esti- 
mate of  cost,  and  it  was  begun  as  in  all  other  cases,  with  the  approval 
of  the  Engineer  Dei>artment,  during  the  summer.  This  report,  and  esti- 
mates made  from  this  survey  were  completed  and  submitted  to  Congress 
in  February,  1872,  and  are  printed  without  maps  as  H.  Ex.  Doc.  No. 
142,  Forty-second  Congress,  second  session,  and  repeated  in  the  Annual 
Keport  of  the  Chief  of  Engineers  for  1872,  pp.  835  to  860,  where  account 
of  the  work  is  made  continuous  from  the  time  of  the  preceding  annual 
report. 

Congress,  by  act  approved  June  10,  1872,  appropriated  "  for  the  im- 
provement of  the  Connecticut  River  on  or  above  Enfield  Falls,  and 
below  Holyoke^  $25,000."    (See  Stat,  at  Large,  vol.  17,  p.  370.) 

It  is  stated  m  the  annual  report  for  the  year  1872,  in  regard  to  the 
improvements  by  wing-dams,  made  in  1871,  that  the  work  was  satis- 
factorily done  at  Scantic  River  Bar,  Strong's  Island  Bar,  and  Farming- 
ton  River  Bar,  but  was  stopped  by  high  water  in  the  river,  and  nothing 
more  could  be  done  upon  the  other  bars  during  the  jfiscal  year  ending 
June  30,  1872.  Of  the  $17,000  assigned  to  this  work,  but  $12,000  was 
exi)ended  on  the  dams. 

To  preserve  the  continuity  of  my  history  of  the  work,  I  will  here 
quote  my  report  dated  January  18,  1872,  after  the  completion  of  the 
sui'vey  and  plans  for  improving  the  Enfield  Falls. 

General  Ellis's  report  on  the  same  subject  come«  in  its  regular  order 
in  the  attached  subreport. 

impbovement  of  the  connecticut  river  above  hartford. 

Engineer  Office,  United  States  Army, 

Neicpwt,  Rhode  Island^  January  18,  1872. 

General  :  I  have  the  honor  to  make  the  foUowing  report  of  operations  for  the  im- 
provement of  the  Connecticut  River  above  Hartford,  Conn.,  and  below  Holyoke,  Mass., 
during  the  last  half  of  the  year  1871 : 

The  condition  of  this  work  at  the  date  of  my  last  annual  report,  August  31,  1871,  is 
given  in  your  printed  last  annual  rei)ort^  pp.  756  to  768  inclusive.  Ixom  this  it  ap- 
pears that  the  first  $20,000  appropriatecl,  approved  July  11,  1870,  for  the  river  above 
Hartford,  had  been  devoted  to  surveying  and  improving  the  river  by  wing-dams  be- 
tween Hartford  and  Windsor  Locks,  and  that  the  work  was  then  in  progress  on  Scantic 
Bar.     (Se^ip.  760.) 

The  appropriation  of  $20,000,  approved  March  3,  1871,  was  made  specifically  to  em- 
brace the  Enfield  Falls,  and  yet  so  small  an  amount  would  seem  to  indicate  that  with 
regard  to  an  obstruction  of  such  magnitude,  nothing  beyond  a  thorough  survey  and 
exauiination  of  the  river  ccmld  have  been  contemplated,  although  it  was  too  large  an 
amouut  for  an  ordinaiy^  survey. 

Had,  however,  the  appropriation  been  large  enough  to  justify  an  attempt  to  improve 
the  navigation  at  the  Enfield  Falls,  it  would  nevertheless  in  this  case  have  been  neces- 
sary to  make  a  survey  and  elaborate  a  plan.  A  survey  being  thus  a  first  requisite,  I 
directed  one  to  be  made  by  the  assistant  in  charge  of  the  Connecticut  River  improve- 
ments. This  assistant  is  General  Theodore  G.  Ellis,  civil  engiueer,  a  resident  of  Hart- 
ford. Conn. 

Tlie  survey  was  in  progress  at  the  time  of  my  last  annual  report.     (See  p.  763.) 

During  the  first  part  of  October  I  made  a  personal  examination,  in  company  with 
General  Ellis,  of  the  falls  and  the  existing  canal  around  them  on  the  west  shore  of  the 
river.  As  it  was  imi)ortant  in  engineering  for  such  an  expensive  work  to  take  cogni- 
zance of  the  capabilities  of  the  river  for  navigation  above  and  below,  wo  extended  our 
examination  up  to  and  including  the  water-power  dam  at  Miller's  Falls,  about  thirty- 
two  miles  above  Holyoke.    After  a  thorough  jiersonal  discussion  with  General  Ellis  on 
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the  main  points  to  be  considered,  I  left  it  with  bim  to  prepare  the  report,  and  I  trans- 
mit it  herewith. 

It  is  more  esiiecially  devoted  to  the  improvement  of  the  Enfield  Falls  or  RapidH,  but 
takes  into  the  discnssiou  of  its  value  and  importance  the  cajjacity  for  navigation  of 
tk  river  aljove  and  below^  it.  With  regard  to  the  special  part,  the  falls,  the  subject 
is  very  completely  and  clearly  presented,  and,  though  so  concise  as  to  be  soon  read 
thruugh,  it  is  exbanstive. 

The  Enfield  Falls  are  entirely  in  the  State  of  Connecticut.  It  would  he  perhaps 
saffideut  for  ine  to  stop  here  with  my  report ;  but  in  order  to  aid  those  who  are  will- 
ing to  Sfdopt  the  conclusions  and  have  not  time  to  thoroughly  consider  the  matter 
tlwiQgelves,  I  will  endeavor  to  give  some  of  the  leading  features  and  conclusions 
arrived  at,  with  certain  military  matters  of  incidental  importance  which  General  Ellis 
hai>  apparently  left  to  me  to  present. 

Hartford,  on  the  Connecticut  River,  is  about  49  miles,  by  the  course  of  the  chaii- 
Qel.  from  the  sound,  and  since  the  improvements  of  the  last  two  years  can  be 
reached  by  vessels  of  from  7i  to  8  feet  draught  at  low  tide.  The  tide  in  low  stages  is 
sensible  here  and  amounts  to  about  one  foot. 

From  Hartford  to  the  foot  of  the  Enfield  Falls  the  distance  is  lOf  mile^,  and  by  an 
examination  in  low-water  of  1870  there  was  in  some  places  a  depth  over  the  bars  of 
Qoly  aliout  15  inches.  The  be<l,  however,  was  sandy  and  very  broad,  and  the  volume 
i»f  the  water  flowing  was  about  4,000  cubic  feet  a  second  on  a  gentle  sloi>e.  Within 
this  space  the  tide  becomes  insensible.  After  I  have  finished  with  the  plan  of  improv- 
iii«f  the  Enlield  Falls,  I  shall  recur  to  the  question  of  impn>\ing  this  reach  of  river. 

The  EmJUid  Falls  extend  ui>  the  river  5^  nnles,  the  head  of  them  being  16  miles  above 
Hartford.  The  bed  of  the  river  is  here  continuous  rock,  and  the  total  fall  at  lovv- 
vater  is  31.8.  The  fall  is  not  uniform,  but  arranged  in  slopes,  as  follows:  Beginning 
« the  head,  in  first  4,800  feet,  falls  10.1  feet ;  in  next  7,600  feet,  falls  1.7  feet ;  in  next 
i",t«00feet,  falls  17.8  feet;  in  next  6,500  feet,  falls  2.2  feet..  The  slope  becomes  more 
imiform  as  the  river  rises.  At  the  highest  floo<ls  the  total  fall  is  17.6  feet.  The  rise 
from  lowest  to  highest  water  at  the  head  of  the  falls  is  about  20  feet ;  at  the  foot  of 
the  falls,  30  feet.  The  volume  at  high-water  is  about  162,000  cubic  feet  iier  second. 
General  Ellis  gives  these  quantities  in  more  detail,  but  enough  is  here  stated  to  show 
my  engineer  that  navigation  around  such  an  obstruction  can  only  be  obtaluetl  at  con- 
aderable  expense. 

There  is  pracrically  no  natural  navigation  at  these  falls,  and  it  is  enough  here  to 
sav  that  the  improvement  of  the  natural  channel  so  as  to  procure  the  navigation  de- 
nied is  impossible. 

The  existing  canal  is  limited  by  the  capacity  of  its  locks  to  passing  boats  77  feet 
kni^,  18  feet  wide,  although  as  a  canal  it  is  a  respectable  work. 

/Wm  the  Enfield  Falls  to  Holyoke,  a  flistance  of  18  miles,  there  is  now  at  ordinary  low- 
water  a  depth  for  navigation  said  to  be  from  4  to  5  feet.  Some  improvement  will,  how- 
erer,  undoubtedly  be  required  to  realize  this,  and  draws  will  have  to  be  made  in  the 
bridges.  Holyoke  is  34  miles  above  Hariford.  At  Holyoke  a  dam  has  been  constructed 
aeroos  the  river,  and  canals  for  the  water-i>ower  constructed  on  the  west  side  of  the 
river,  which  can  at  not  very  great  expense  be  altered  and  adapted  to  the  passage  of 
boats,  and  it  would  probably  become  profitable  to  do  so  as  soon  as  vessels  could  reach 
there  from  below.  At  Holyoke  the  lockage  would  have  to  raise  vessels  a  height  of  60 
feet. 

From  Holyoke  to  the  foot  of  Miller's  Falls j  a  distance  of  66  miles  above  Hartfonl,  the 
river  contains  no  serious  obstnictions,  flows  over  a  sandy  bed,  and  is  susceptible  of 
ordinary  river  improvements,  but  I  do  not  know  its  present  cajiabilities.  If  naviga- 
tion Ahonld  ever  be  made  continuous  to  this  point,  it  would  then  be  in  connection  with 
the  low-gTa?le  railroad  passing  through  the  Hoosac  Tunnel,  now  in  a  fair  way  of  early 
completion.  It  does  not,  however,  seem  even  remotely  orobable  that  it  will  pay  to 
fonstruct  a  canal  around  Miller's  Falls ;  and  thus  we  are  limited  in  our  consideration 
of  the  valne  of  the  imi)rovement  of  the  Enfield  Falls,  first,  to  the  34  miles  of  river 
between  Hartford  and  Holyoke,  and,  proximately,  to  the  additional  32  miles  between 
Holyoke  and  Miller's  Falls. 

I  will  now  proceed  to  the  consideration  of  the  improvements  at  the  Enfield  Falls. 

General  Ellis  considers  estimates  for  and  discusses  the  advantages  and  disadvantages 
©f  five  different  plans.     In  general  terms,  he  first  states  them  as  follows ; 

Firwt  plan, — A  canal  on  the  west  side  of  the  river,  extending  from  the  present  dam  at 
the  head  of  the  rapids,  parallel  to  the  old  canal,  down  to  a  point  just  above  the  village 
of  Windsor  Locks ;  and  a  channel  to  the  deep  water  below,  to  be  forme<l  by  excavating 
iB  the  bed  of  the  river.     Cost,  $1,293,868. 

f^ndplan. — A  canal  on  the  east  side  of  the  river  from  the  dam,  at  the  head  of  the 
npids,  to  the  deep  wat^r  below  the  rapids.     Cost,  $869,636. 

Third  plan. To  dam  the  river  at  the  head  of  King's  Island,  or  a  little  below,  and 

»ntiiine  downward  with  a  canal  on  the  east  side  of  the  river  to  the  deep  water  below. 
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Fourth  plan, — ^To  dam  the  river  at  a  point  near  the  Enfield  bridge,  and  lock  into  tW 
river  below  ;  dam  it  again  just  l>elow  the  railroad  bridge  near  Windsor  Locks  and  coft. 
tinne  with  a  canal  to  the  foot  of  the  rapids.     Cost,  $1,222,308. 

Fifth  plan, — To  improve  the  old  canal  so  as  to  be  navigable  for  boats  of  incT^aae*] 
size.     Cost,  $1,907,565. 

The  discussion  of  these  plans  justifies  General  Ellis  in  rejecting  the  first,  fonrth,  and 
fifth  plans  above  state^l,  leaving  him  only  to  choose  between  the  second  and  thinl,  and 
a  mcMiification  of  the  fifth,  by  which  the  old  canal  would  be  but  partially  improved  3^    I 
the  present  time.  | 

Arter  fully  considering  the  argnment-s  he  presents,  I  am  in  favor  of  adopting  the  I 
second  plan  proposed  by  him,  provide<l  no  unexi)ected  ol>stacles  should  l>e  met  in  swar-  I 
ing  a  right  of  wav.  I  therefore  adopt  as  the  estimate  for  improving  the  Enfield  Fafl-  ^ 
$869,636,  or,  in  round  numbers,  $870,000.  i 

The  least  width  of  the  canal  is  to  l>e  150  feet  on  the  water-line,  and  it  will  havt     ^ 
throe  liftr-locks  to  overcome  the  fall  of  31.8  feet,  whose  dimensions  are  to  be  200  feet  in 
length,  50  feet  in  width,  and  to  have  6  feet  of  water  on  the  lower  miter-sills.  * 

An  estimate  of  these  pn)portion8  requires  a  brief  statement  of  the  causes  which  have 
le<l  to  its  being  made  and  brought  to  the  att<?ntion  of  the  government. 

In  the  appropriation  act  ajjproved  July  11,   1870,  there  was  an  appropriation  of    - 
$40,000  for  improviujjj  the  Connecticut  River,  which  was  maile  after  an  estimate  had 
l>een  submitt«*d  for  improving  this  river  below  Hartford,  ma<le  in  accordaucf?  with 
section  4  of  the  act  for  improvement  of  rivers  and  harlK)r8,  approved  March  2, 1867, ;  ^^ 
In  this  section  of  tliis  last-named  act  the  pn^sent  question  took  its  origin.  i 

The  appropriation  of  $40,000,  in  1870,  was  coupled  with  an  understanding  among| 
members  of  Congress  that  $iW,0(>0  should  be  expended  above  Hartford,  in  which  portionl 
of  the  river  no  surveys  or  estimate*!  ha<l  l»een  dinn-ted  by  Congress,  or  made  by 
department  of  the  government.    After  considerable  delay,  in  1870,  in  ascertainii 
whether  this  understanding  by  members  of  Congress  meant  that  the  $20,000  should 
spent  in  Ma^Siichusetts  (thus  skipping  over  the  Enfield  Falls  and  the  shoals  betve 
them  and  Hartford),  or  not,  the  conclusion  was  arrived  at  about  the  middle  of 
her,  1870,  that  this  fund  might  be  expended  satisfactorily  to  all  parties  by  beginainj 
at  Hartford  and  working  upward.    This  was  evidently  the  only  st^nsible  conclusion. 

During  the  winter  an  examination  of  the  river  throughout  the  State  of  Massachuset 
and  the  survey  of  the  ten  and  one-foui*th  miles  between  Hartford  and  the  foot  of 
Enfield  Falls,  were  made  as  well  as  could  be  at  that  season,  and  a  plan  subniittM  fa 
spending  the  $20,000  in  wing-dams  between  Hartford  and  the  falls.     (See  pp.  756  to H 
inclusive,  of  your  printed  annual  report  for  1871.) 

The  plan  tlius  submitted  did  not  comprehend  a  thorough  improvement  of  the  rii 
but  simply  such  ameliorations  of  the  existing  navigation  as  the  amount  of  the  ap} 
imatiou  seemed  to  contemplate,  and  thus  facilitate  the  passage  of  such  boats  as  wc 
now  running,  and  suited  to  the  capacity  of  the  existing  canal  aroiuid  the  Enfield  Fs" 

This  work  has  l>«»en  prosecuted  during  the  past  st^ason  at  the  Scantic  River  " 
Strcmg-s  Island  Bar,  and  Fanuington  River  Bar,  where  wing-clams  have  been  boi 
The  work  was  int«rrupte<l  before  comiiletion  by  a  rise  in  the  river,  and  about  ^,( 
of  the  appropriation  applicable  to  this  work  remains  unexpended. 

We  shall  have  to  wait  till  aftt^r  the  subsidence  of  the  next  spring  freshets  before 
can  fully  determine  the  ettect  which  this  work  has  produced. 

By  the  act  for  impn)ving  rivers  and  harl»ors  appmvexl  March  3,  1871,  Congress 

Eropriated  $20,(XR)  for  improving  the  Connecticut  Kiver  alwve  Hartford  and  Ijek 
[olyoke,  thus  specifically,  by  law,  including  the  Enfield  Falls,  as  stated  in  the  be| 
niiig  of  this  report..     This  law,  however,  would  have  allowed  us  to  go  on  and  exj 
this  additional  money  between  Hartford  and  the  foot  of  the  falls,  as  certain  citizens^ 
Windsor  Loi'ks  claimed  that  it  was  intended  we  should ;  but  there  was  an  equ 
urgent  i-equest  from  citizens  of  Springfield,  Massachusetts,  claiming  that  there 
no  use  of  improving  the  river  below  the  falls  while  the  latter  remained  in  their  pi 
condition. 

To  those  acquainted  with  the  magnitude  of  the  improvement  required,  it  9e«i 
impossible  that  Congress  should  have  ever  contemplated  beginning  the  improvem 
of  the  Connecticut  River  above  Hartfonl  and  below  Holyoke  with  $20,000.    Bnt 
Congri^is  had  made  this  appropriation  without  having  any  plans  and  e«timat'e$ofi 
before  it,  there  seems  a  probability  that  the  extent  of  the  work  to  be  done  had  ^ 
been  realized,  and  that  therefore  the  l»est  thing  to  do  was  to  expend  only  so  mnchi 
the  appropriation  as  was  necessary  to  prepare  an  estimate  (which  would  have  to 
done  even  if  the  appropriation  were  sunicient  to  oomplet-e  the  work;  and  submit 
question  again  to  Congress  before  proc<?eding  further. 

It  will  not  do,  however,  to  take  the  estimate  of  the  amount  required  for  the  Ei 
Falls  ($87(K000)  as  the  sum  that  will  make  an  equally  good  naxi^ation  all  the 
from  Hartford  to  Holyoke,  and  I  therefore  return  to  the  consideration  of  the  impi 
ment  of  the  river  between  Hartford  and  the  Enfield  Falls.     Between  these  pointa 
river,  in  its  natural  state,  at  low-water  has  a  depth  on  the  bars  of  about  18  incheai,  1 
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the  eftiect  of  the  tide  is  generally  inipercentible  in  the  npper  parts.  Tlie  slope  of  the 
low-water  surface  is  about  ^  foot  per  mile,  the  width  varying  from  500  to  1,500  feet, 
and  the  volume  about  4,000  feet  per  second. 

An  application  of  the  Humphreys  and  Abl)ot  formula  (No.  38,  p.  312,  Physics  and 
Hydnialics  of  the  Mississippi  Kiver)  shows  that  this  volume  on  this  slope  is  capable  of 
maintaining  a  section  50ti  feet  wide,  with  a  mean  depth  of  4  feet,  and  mean  velocity 
of  aUint  2  feet  a  second. 

It  would  not  be  advisable  to  attempt  to  make  the  river  at  low-water  narrower  than 
this  for  the  purpose  of  securing  a  greater  depth.  This  would  be  sufficient  for  the 
comparatively  short  perio<l  of  low-water,  and  a  slight  rain  would  easily  make  a  depth 
of  6  feet^  which  is  the  capacity  of  the  locks  of  the  proposed  new  canal. 

The  lied  of  the  river  is  ordinary  river-sand,  and  easily  moved  by  the  current.  The 
d«^th  of  the  bed-rock,  or  hard-pan,  beneath  this  sand,  has  not  l>een  ascertained, 
ihfaoogh  this  is  an  important  matter  in  estimating  the  difficulty  of  making  any  per- 
manent works  in  the  bed  of  the  stream. 

Most  of  the  ameliorations  tc»  low-water  navigation  of  non-tidal  rivers  in  this  country 
that  have  been  undertaken  by  ** practical  men"  have  been  of  a  temporary'  nature, 
di^gued  to  afford  immediate  relief  or  at  most  to  last  but  a  season,  or  till  the  next  rise, 
and  with  the  exjiectation  that  the  succeeding  spriug-tloods  woulcl  carry  them  away. 

Were  we  to  regard  the  improvement  of  the  navigation  from  the  point  of  view  fur- 
nished by  the  low-water  data  above  given,  and  suppose  the  river  always  to  remain  the 
ame,  the  improvement  of  it  by  confining  its  low-water  bed  to  a  width  of  400  or  500 
feet  would  be  cheap  and  simple. 

Bat  we  must  from  the  Iteginning  take  into  account  the  floods  of  the  river,  and  the 
Tolnme  to  which  our  works  for  the  amelioration  of  low -water  navigation  will  be  8ul>- 
jwted  in  high-water.  The  high-wat<;r  volume  of  the  river  is  alK>ut  162,000  cubic  feet 
jw  aeconiL  It  rises  nearly  30  feet  above  its  low  stage,  oveiilows  its  onlinary  banks, 
and  spreads  out  over  a  broad  valley.  There  are  probably  maximum  velocities  of  6  and 
7  miles  an  hour  in  floods,  while  at  low  stages  they  caimot  exceed  2  and  3  miles  an 


The  low-water  slope,  foot  j^  per  mile,  which  I  have  given  is  the  average  between 
Hartford  and  the  Enfield  Falls ;  it  is  much  greater  at  certain  points  at  low-water,  but 
if  the  river-channel  is  reduced  uniformly  to  a  width  of  500  feet  by  artificial  works,  a 
onifoTin  slope  would  result. 

The  most  perfect  example  of  a  river  reduced  to  a  unifonn  width  with  which  I  am 
aeqoaiuied  is  the  Garonne,  in  France,  which  has  been  thus  rectified  over  a  distance  of 
fwtvHine  miles. 

The  Connecticut  is  a  river  of  somewhat  greater  magnitude,  but  presents  no  greater 
dilBcolties  except  in  its  ice.  The  ice  on  the  Connecticut  is  an  obstacle  to  our  makiug 
use  of  the  simple  means  of  piles  and  wattling  adopted  there  in  the  cross  or  tie  banks 
between  the  new  and  old  banks  of  the  river,  and  we  must  resort  almost  entirely  to 
riprap,  aided  by  such  bond  as  ordinary  brush  mingled  with  it  will  give. 

It  \A  alniosrt  obvious  that  any  riprap  walls  cannot  rest  permanently  on  a  sandy  bed 
daring  the  floods  of  the  river.  Experience  has  shown  in  every  case  that  the  amount 
of  stone  iis€^  must  be  sufficient  to  take  the  place  of  the  sand  as  it  is  washed  out,  and 
«nk  down  till  it  gets  a  firm  resting-place  on  the  bottom  rock.  I  know  of  no  excep- 
tion to  this  rule  in  practice,  and  nothing  else  seems  rational. 

In  the  Connecticut  River,  between  Hartford  and  Enfield  Fallfe,  this  bed-rock  cannot 
anywhere  be  less  than  10  feet  below  the  low- water  surface,  and  I  believe  it  is  much 
d«]>er  down  to  it. 

Not  having  thus  the  data  for  an  accurate  estimate,  I  will  present  the  general  features 
of  the  improvement  by  rectifying  the  channel  so  as  to  secure  a  de]»th  of  4  feet  at  low- 
wato",  ftoni  which  it  will  appear  that  this  will  involve  an  exi)enditure  between  Hart- 
f<ml  and  the  Enfield  Falls,  not  less  than  for  the  improvement  at  the  falls  themselves. 

Let  us  take  one  of  the  natural  banks  as  our  new  rectified  river-bank,  changing  from 
side  to  side  as  may  jirove  best.  We  must  riprap  this  bank  so  that  its  future  abrasion 
«kall  not  take  plac«.  Let  us  suppose  that  from  the  bottom  of  the  rock-bed  to  the  top 
is  27  feet,  and  make  the  covering  1  foot  thick.  This  will  require  5,280  yards  per  mile, 
at  12,  $1(1,560.  Our  new  bank-bne  must  rise  3  feet  above  low- water,  be  3  feet  wide  on 
top.  filope  45<^  each  waj',  and  extend  down  not  less  than  13  feet,  requiring  about  7J 
nibic  yaitls  per  foot,  or  40,920  cubic  yards  per  mile,  at  |2,  ^1,840  per  mile. 

Between  our  new  bank  and  the  old  one  on  the  side  opposite  where  we  want  the 
ehannel  we  must  put  the  same  kind  of  walls  normal  to  our  new  bank,  in  order  to  keei) 
the  river  from  going  on  that  side.  These  walls  should  be  close  together  on  the  upi)er 
ade  of  liends  where  the  current  is  strong,  and  less  so  on  the  lower  sides  of  the  points, 
hut  eannot  be  dispensed  with  there,  because  of  the  currents,  direct  and  in  eddies.  I, 
Jtowever,  for  this  estimate,  average  the  distance  for  them  apart  at  500  feet.  The  sandy 
hed,  being  1,500  feet  wide,  will  require  these  to  be  1,000  feet  long.  They  must  be  the 
iuae  in  strength  at  least  as  the  new  bank-line  just  estimated  for,  and  tliere  wUl  con- 
^oently  be  required  for  them  81,840  cubic  yards  per  mile,  at  $2,  $163,680  i>er  mile. 
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The  old  bank  agaiimt  which  these  tie-walls  abat  will  be  snbject  to  abrasion  both 
from  direct  cnirents  and  eddies,  which  will  work  a  channel-way  between  the  tie-walls 
and  itself  unless  riprapped,  and  this  will  take  as  mnch  stone  as  for  the  first  main  bank, 
namely,  5,280  yards  per  mile,  at  $2,  |10,560. 

Summing  these  up,  we  see  that  each  mile  of  rectified  river  will  require  not  leas  than 
133,320  cubic  yards,  at  $2,  $266,640;  and  for  ten  miles,  $2,666,400.  To  this  add,  for 
superintendence,  $83,600,  and  we  have  a  total  of  $2,750,000. 

It  thus  becomes  a  question  whether  it  would  not  be  much  better  to  continue  the 
canal  down  to  Hartford,  which  idea  I  incline  to,  though  I  have  no  means  of  making 
an  estimate  of  the  cost  of  the  canal. 

I  have  estimated  and  planned  for  a  number  of  works  in  different  parts  of  the  conn- 
try,  and  I  have  always  endeavored  to  present  every  subject  in  as  favorable  light  as  it 
would  bear,  and  not  to  crush  a  needed  work  with  an  exorbitant  estimate ;  but,  at  the 
same  time,  I  have  endeavored  not  to  commit  the  government  to  an  undertaking  with- 
out counting  the  cost. 

The  foregoing  must  put  the  improvement  of  the  Connecticut  River  in  a  different 
light  from  that  in  whicn  it  has  been  heretofore  contemplated. 

If  Congress  intends  to  continue  such  ameliorations  of  the  existing  navigation  as 
small  appropriations  of  $20,000  annually  will  ailmit  of,  we  must  give  up  the  idea  of 
making  any  new  improvements  at  the  Enfield  Falls.  We  must  satisfy  ourselves  with 
aiding  the  passage  of  the  river  above  and  below  the  falls  by  such  vessels  as  can  now 
pass  through  the  existing  canal,  and  these  vessels  must,  continue  to  pay  toll  to  the 
canal  company.  I  advise  this  latter  course  to  be  continnetl  at  any  rate,  and  that  if 
the  grand  improvement  is  contemplated  which  shall  let  small  Sound-going  vessels, 
small  gun  ancl  torpedo  boats,  ascrend  the  river  as  far  as  Holyoke,  that  additional  sur- 
veys be  ordered  to  further  develop  the  plan  as  a  whole.  Of  the  original  appropriation 
of  $20,000  for  improvement  alK)ve  Hartford  and  below  Holyoke,  we  have  expended 
now  about  $5,500,  so  that  there  remains  $14,500  that  can  be  applied  to  additional  sur- 
veys. If  it  is  to  be  expended  in  improvements,  I  reconmieud  that  it  be  all  employed 
on  the  river  below  the  Enfield  Falls,  the  first  appropriation  of  $20,000  for  this  part 
being  about  exhausted. 

Whether  the  object  to  be  accomplished,  in  a  national  point  of  view,  is  commensurate 
with  the  expense,  is  a  question  of  statesmanship.  How  far  the  improvement  of  the 
Connecticut  River,  so  as  to  allow  small  gunboats  and  torpedo-vessels  to  patrol  it  wonld 
contribute  to  natural  defense,  can  hardly  be  estimated  unril  this  valley  becomes  the 
theater  of  actual  war.  But  were  the  New  England  States  a  separate  nation,  they 
wonld  undoubtedly  improve  it  for  this  purpose ;  and  as  this  is  a  i>ortion  of  our  country 
that  a  foreign  jjower  would  most  probably  seek  to  isolate  from  the  rest,  it  would  seem 
advisable  to  make  it  capable  of  independent  defense. 

At  Springfield  there  is  an  imi>ortant  national  armory,  and  at  Hartford  and  other 
places  private  manufactories  of  war  material  national  in  character  and  importance, 
though  not  the  proi>ertv  of  the  government. 
Yours,  respectfully, 

G.  K.  Warren, 
Major  of  Engineen  and  Breret  Major-Genrraly  U,  S.  A, 

Brigadier-General  A.  A.  Humphreys, 

Chief  of  EngineerSj  U,  S,  A, 

Congress,  by  act  approved  March  3, 1873,  appropriated  "  For  improve- 
ment of  Coimecticut  Kiver  above  Harttbrd  and  below  Enfield  Falls, 
$20,000." 

The  Annual  Report  of  the  Chief  of  Engineers  for  1873  brinprs  the 
account  of  the  work  up  to  August  30  of  that  vear.  (See  page«  90  and 
91,  and  Appendixes  W  18  and  19,  pages  1003  to  1011.) 

The  appropriation  made  June  10,  1872,  of  $25,000  for  the  part  on  and 
above  Enfield  Falls  and  below  Holyoke  seemed  to  call  for  a  survey  up 
to  this  last  point,  and  it  was  begun  in  1872,  but  only  partially  made,  on 
accoimt  of  almost  continuous  high  water.  This  survey  was  continued  in 
1873.  The  folloAving  is  quoted  fix)m  the  annual  report  for  1873,  pages 
1004-1005 : 

In  1872  an  attempt  was  made  to  resurvey  the  portion  of  the  river  l>etween  Hartford 
and  the  Enfield  Falls  to  ascertain  the  condition  and  effect  of  the  wing-dams  built  in 
1871,  but  high  water  preventwl  all  operations  to  this  end,  and  no  improvement  of  the 
river  in  this  part  was  nndertaken.  Some  prcNions  ccmsiderations  had  shown  that,  for 
a  thorough  improvement  between  Hartford  and  the  Enfield  Falls,  in  connection  with 
a  thorough  improvement  at  the  latter  place,  it  might  be  cheaper  and  more  reliable  to 
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ocoistnift  a  canal  between  the  two  places  instead  of  attempting  to  improve  the  natural 
ehaim«L  As,  therefore,  all  operations  in  natural  channel  were  stopped  by  high  water, 
1  survey  was  made  to  ascertam  the  best  location  and  cost  of  a  canal  between  these  two 
points.  This  survey  has  l>een  made  by  General  Theodore  O.  Ellis,  civil  engineer,  and  the 
report,  with  the  drawings,  plans,  and  estimates,  is  now  transmitted. 

By  reference  to  the  reiwrt  of  the  improvement  around  the  Euiield  Rapicis  in  the 
last  annual  report  (referred  to  above),  it  will  be  seen  that  the  depth  oi  water  on 
the  miter-sills  of  that  proposed  canal  is  6  feet,  that  depth  l»eing  all  that  it  was  thought 
cooM.  be  secured  by  any  improvement  of  the  river-channel  u])  to  Warehouse  Point, 
the  lower  terminus  of  this  caual.  But  by  extending  the  canal  down  to  the  mouth  of  the 
Hoekauum  RiveT,  just  below  Hartford,  a  point  on  the  river  is  reached  where  a  draught 
of  8  ft^t  at  low-water  could  always  be  relied  upon.  The  project  of  beginning  the 
canal  as  low  down  as  this  latter  point  justified  an  increase  of  ca[»acity  of  the  whole 
projected  canal,  which  has  accordingly  been  made.  A  further  modification  wa^s  neces- 
saiT  in  the  first  project  in  regard  t«  locking  down  into  the  river  at  its  lower  ex- 
tremity. These  locks  would  be  dispensed  with,  and  the  first  line  abandoned  back 
to  a  point  suitable  for  the  continuation  of  the  canal  down  to  the  mouth  of  the  Hock- 
aoiun. 

All  of  these  things,  as  to  cost.  &c.,  have  been  taken  into  account  in  General  Ellis's 
Beport.  The  canal  from  the  head  of  the  Enfield  Rapids  down  to  the  mouth  of  the  Hock- 
anmn  River,  on  the  east  side  of  the  valley,  is  to  he  150  feet  wide  and  10  feet  deeji,  with 
loeks  200  feet  long,  50  feet  wide,  and  8  feet  depth  on  the  miter-sills.  There  are  to  be 
Aree  locks,  all  at  the  lower  end  of  a  lift  respectively  14|,  11|,  and  11|,  or  117^  feet 
lift  in  all.  The  whole  length  of  the  canal,  from  the  mouth  of  the  Hockanum  to  the 
Enfield  dam,  at  the  head  of  the  rapids,  is  I6.fi  miles.  This  canal  is  designeil  solely 
for  the  purposes  of  navigation,  and  not  to  furnish  water-power.  Its  cost  is  estimnte4 
at  |2,:)06,:i45.  It  is  too  soon  yet  to  fully  consider  this  project,  the  survey  alwive  the 
rapicLs  and  the  TesuTvey  between  them  and  Hartford  not  having  yet  been  completed. 
These  have,  however,  been  in  progress  during  the  jiresent  season  under  mc»st  favor- 
iWe  conditions  of  low  water,  and  we  may  be  able  to  finally  rejwrt  upon  the  river  this 
winter. 

The  low  water  has  also  enabled  us  to  examine  the  effect  of  the  wing-dams  built  by 
fls  in  l??71  between  Hartford  and  the  Enfield  Rapids.  These  have  been  found  to  pro- 
duce favorable  results,  and  have  increased  the  low-water  depth  from  1|  and  2  feet  to 
ii  and  3  feet. 

At  points  where  the  dams  had  not  been  built  the  former  shoals  remained,  and  were 
*>  had  at  Barber's  Landing  Bar  that  we  employed  a  dredge  by  the  day  in  the  summer 
<rf  lf^3  to  cut  a  channel  through  to  ail'ord  temporary  relief. 

The  continuation  of  the  project  of  building  wiu^-dams  between  Hartford  and  the 
Enfirld  Rapids  seems,  therefore,  warranted  to  facilitate  present  navigation,  although 
tbey  jihould  not  meet  ultimate  requirements.  The  high  water  early  in  the  season  pre- 
vented our  gaining  a  knowledge  of  this  result  in  time  to  work  to  advantage  this  season. 
In  view  of  the  fnnds  already  on  hand,  I  have  made  no  estimate  for  further  appropria- 
tkms  for  this  part  of  the  river  for  the  fiscal  year  ending  June  30,  1875, 

Tlie  detailed  report  of  General  Ellis  of  the  sur\"ey  for  a  canal  along 
the  river  between  Hartford  and  the  Enfield  Falls  is  given  in  its  chrono- 
logical order  in  the  subreport  forming  the  appendix  to  the  present 
report- 

The  surveys  and  examinations  on  the  Connecticut  Kiver  above  Hart- 
fimi  are  next  reported  upon  up  to  Jidy  1, 1874,  in  Annual  Report  of  the 
Chief  Engineei's  for  1874,  page  101,  Part  I,  and  pages  249  to  257,  Pait 
IL    From  pages  249  and  250,  Part  II,  the  following  is  taken : 

During  the  past  fiscal  year  work  in  this  portion  was  mainly  confined  to  completing 
a  thorough  survey  of  it.  This  has  now  been  done,  and  the  maps  finished  on  a  si^ale  of 
**  f#H?t  to  the  inch,  forming  six  sheets.  The  maps  and  a  diagram  of  borings  made, 
«ith  a  preliminary  report  of  Assistant  Engineer  General  Theo.  G.  £Uis,  who  couductea 
the  unrvey,  are  presented  herewith.  Some  few  other  observations  in  connection  with 
jjTinpng  the  low-water  volume  of  the  river  remain  to  be  done,  and  then  the  final  i*eport, 
finng  a  review  of  the  whole  matter,  will  be  made. 

The  last  anunal  report  gave  a  clear  general  idea  of  what  has  been  done  up  to  that 
^t«-.  and  it  need  not  be  repeated  here. 

I>nring  the  season  of  1873  a  channel  ^  feet  deep  was  dredged  through  Barber's 
laiwling  Bar.     This  'was  the  only  improvement  then  needed. 

The  snrvevs  Ja»t  year  showed  that  the  wing-dams  between  Hartford  and  the  Enfield 
FilU,  as  fer  as  built,  had  been  very  beneficial,  and  that  this  means  of  improvement 
*<wld  pmbahly  be  adeqnate  to  present  requirements  of  navigation,  or  until  there 
^^t^mtimpTorejaeJit  made  at  the  Enfield  Falls.    An  expenditure  of  not  less  than 
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1870^000  will  be  required  for  the  improvement  of  these  falls  alone.     (See  Annnal  Re-     | 
port  for  1872.)    Until  the  improvement  of  the  river  is  undertaken  with  a  view  to  carry-     : 
ing  it  to  the  extent  which  this  conteinplates,  and  until  the  ruling  depth  to  be  secured     ~ 
is  fixed,  the  kind  of  imnrovement  to  be  adopted  at  different  localities  cannot  be  decided. 
With  the  present  small  appropriations  only  alleviations  of  obstructions  to  existing  nav- 
igation can  be  attempted,  ana  the  requirements  of  this  are  deteimined  by  the  existing 
canal  and  locks. 

Our  survey  shows  no  place  between  the  Enfield  Falls  and  Holyoke  where  the  present 
class  of  vessels  find  any  obstruction  or  need  any  greater  facilities  than  they  now  har^ 

Of  the  appropriation  of  $25,000,  appropriated  June  10, 1872,  for  improvement  **onor 
above  Enfield  Falls  and  below  Holyoke/'  we  have  expended  about  half  in  surveys  and 
measurements.  We  find,  as  before  said,  no  place  where  the  remainder  can  be  nsed 
above  the  falls,  and  it  is  inadequate  to  doing  any  tiling  upon  them. 

Of  the  former  appropriations  for  improvement  above  Hartford  and  below  Holyoke 
there  is  on  hand  ^1,772.31,  which,  by  the  words  of  the  act,  is  available  to  improve  the 
river  between  Hartford  and  Enfield  Falls.  It  is  proposed  to  expend  the  money  in  thi« 
portion  of  the  river  by  building  wing-dams  and  dredging,  as  the  formation  of  shoals 
may  re^^uire. 

The  improvement  of  the  Connecticut  below  Hartford  is  more  important  to  the  whole 
Connecticut  River  Valley  than  is  the  improvement  above,  and  for  the  present  it  would 
be  better  to  confine  the  expenditures  to  the  lower  part  of  the  river. 

The  appropriation  of  $25,000,  made  by  act  approved  June  10,  1872,  is  applicable  to 
the  river  only  **on  or  alM>ve  Enfield  Falls  and  below  Holyoke";  a  part  of  the  river 
where  there  is  sufficient  depth  of  water  for  the  class  of  vessels  navigating  it.  What 
remains  on  hand  of  this  appropriation  is  not  available  for  any  part  of  the  river  where 
it  is  needed.  In  making  up  tlie  *^  financial  statements''  this  appropriation  is  given  in 
a  separate  statement. 

FINANCIAL  STATEMENT. 

Connecticut  River  on  and  from  Enfield  Falls  to  Holyolce^  Mass, 

Balance  in  Treasury  of  United  States  July  1,  1873 |25,OOO00 

Amount  exi>ended  during  the  fiscal  year  ending  June  30,  1874 12,  .'SI  (5 

Amount  available  July  1,  1874 12,60S55 

Connecticut  Biver  above  Hartford  and  helow  HolyokCf  Mom, 

Balance  in  Treasury  of  United  States  July  1,  1873 |25,OO0  00 

Amount  in  hands  of  officer  and  subject  to  his  check 1, 6^)6  66 

Amount  expended  during  the  fiscal  year  ending  June  30,  1874 4, 83434 

Amount  available  July  1,  1874 21,772  31 

Tlie  maps  referred  to  above  have  never  been  published.  They  are 
sent  with  this  report  for  publication.  General  Ellis's  report  is  included, 
like  his  others,  in  its  proper  place  in  the  subreport  forming  an  api>endix. 

In  the  Annual  Keport  of  the  Chief  of  Engineers  for  1875,  i>age  110, 
Part  I,  and  pages  3(K)  to  369,  Part  II,  the  main  portion  of  the  final  re- 
sults of  the  hydrographic  ana  hydraulic  investigations  are  given.  These 
possess  an  interest  to  many  other  river  improvements,  and  are  of  much 
value,  independent  of  the  si)ecial  river  investigated.  I  \nVi  quote  here 
the  part  of  the  annual  report  made  by  myself.  General  Ellis's  reiwrt, 
like  the  others,  being  given  herewith  in  the  api>endix  among  his  other 
reports,  together  with  the  illustrating  diagrams  (most  of  them  not  here- 
tofore printed). 

CONNECTICUT     RIVER     ABOVE     HARTFORD,      CONNECTICUT,     AND     BELOW     HOLYOKE, 

MASSACHUSETTS. 

During  the  fiscal  year  the  hish  stage  of  the  river  has  rendered  any  work  of  i^lp^ov^ 
ment  unnecessary,  and  no  such  work  was  done.  Tlie  surveys  of  this  portion  of  tlie 
river  and  investigations  connected  with  it  were  prosecuted  to  completion.  z 

The  surv^eys  were  begun  in  December,  1870,  by  making  a  general  reconnaissance  rf  \ 
the  river  between  Holyoke  and  Hartford,  with  special  sun^eys  at  certain  shoi^  ] 
between  the  Enfield  Rapids  and  Hartford.  (See  Annual  Report  for  1871,  pp.  762^-768.)  j 
In  1871  a  thorough  survey  was  made  of  Enfield  Rapids,  and  estimatea  of  cost  d  i 
various  plans  of  improvement  were  submitted.     (See  Annual  Report  for  1872,  pp. 
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5-860.)  In  1872  a  survey  was  began  at  Holyoke,  and  a  thorough  survey  was  made 
id  estimateei  prepared  for  constructing  a  canal  fix)m  Enfield  Rapids  to  Hartfonl,  so 
at  we  might  compare  it  with  the  project  for  improving  the  natural  channel  between 
Dse  two  points.      (See  Annual  Report  for  1873,  pp.  lOOS-lOll.) 

[n  1873  the  survey  was  conipletea  between  Hartford  and  Holyoke,  and  fully  reported 
,  with  the  exception  of  the  hydraulic  measurements  and  other  data  that  required 
ire  time  to  work  up.  (See  Annual  Report  for  1874,  Part  II,  pp.  249-257.) 
rhe  present  report  concludes  these  surveys  and  investigations.  The  operations  have 
bh  conducted  under  my  direction  by  General  Theodore  G.  £Ilis,  assistant  engineer, 
d  his  last  report  is  here  appended.  This  report  relates  mainly  to  the  measurements 
obtain  the  volume  of  discharge  of  the  Connecticut  River  at  all  stages.  For  this 
rpcwe  the  river  near  Thompsonville,  about  1^  miles  above  Enfield  Rapids,  was  se- 
ted.  This  place,  from  its  position  with  regard  to  the  rapids,  was  favoraole  for  a 
IT  uniformity  of  discharge  at  the  same  stages  of  the  river  whether  rising  or  falling, 
perienc*  in  gautnng  rivers  elsewhere  ha<l  shown  that  the  volumes  discharged  at  the 
ne  reading  of  tne  gauge  were  materially  greater  in  rising  than  in  falling  stages. 
»  results  confirmed  the  anticipation,  but  in  one  or  two  instances  it  turned  out  tliat 
p  ordinary  experience  was  reversed,  and  the  greater  discharges  occurred  on  falling 


measurement  of  the  volume  required  accurate  determinations  of  the  velocitv  of 
t  current  in  all  parts  of  the  cross-section  of  the  stream,  and  inasmuch  as  there  iiad 
!«n  recentlv  some  questions  raised  about  the  proper  or  best  method  of  measuring 
elocitit^,  whether  by  ciurent-meters  or  floats,  and  other  questions  about  the  law  of 
bangeof  vehjcities  in  the  vertical  plane  from  the  surface  to  the  bottom,  it  was  decided 
otry  both  floats  and  uieters,  each  Kind  constructed  in  the  most  careful  manner.  The 
srfice  and  subsurface  float  employed  by  General  Ellis  is  admirably  constructed  so  as 
to  secure  reliable  indications.  Two  excellent  current-meters  were  used,  one  with 
Kww-bladea  and  registering-wheels  attached ;  another  consisting  of  foiu*  cups  at  the 
tods  of  two  bars  at  right  angles  with  each  other,  so  that  the  water  causecl  it  to  turn 
flnlinarily  on  a  vertical  axis,  but  which  worke<l  equally  well  at  any  angle  with  the 
TtrticaL  This  latter  registered  by  means  of  a  galvanic  battery,  the  armature  of  which 
na  connected  by  a  lever  with  the  escapement  of  a  train  of  clock-work  provided  with 
^iala  wcordiug  tne  breaks  in  the  circuit,  which  were  made  to  take  place  at  each  revo- 
kticm  of  the  meter.     This  meter  was  specially  adax)ted  to  slow  velocities. 

All  the  apparatus  is  described  with  great  minuteness  and  precision  in  General  Ellis's 
Rport,  as  well  as  the  manner  of  conducting  the  operations  and  rating  the  meters. 

ihe  total  nunil>er  of  velocity-observations  at  Thompsonville  was  1,434.  They  were 
t^ea  at  every  foot  of  depth  and  at  intervals  of  about  100  feet  apart  across  the  river: 
KTend  contiguous  sections  being  thus  measured.  These  observations  are  given  in 
detail  in  his  report.  Besides  using  them  to  obtain  the  volume  of  discharge,  they  are 
l^ouped  in  various  ways  to  ascertain  the  form  of  the  vertical  curve,  and  to  compare 
thi^  different  methods  with  each  other.  Tables  of  these  comparisons  are  given  in  his 
report. 

One  of  the  most  important  conclusions  reached  by  this  is,  that  both  the  floats  and 
Bitten  give  concordant  results,  showing  that  each  is  reUable  when  carefully  and  intel- 
ii^i^ntly  employed,  and  that  each  method  has  certain  advantages  over  the  other  under 
pcenliar  circumstances.  There  seems,  therefore,  no  reason  to  discredit  the  results  of 
«tber  method,  when  there  is  evidence  that  it  has  been  properly  used. 

Another  most  important  conclusion  from  these  results  (at  least  to  those  who  have 
Wi  doubts)  is  the  full  confirmation  they  afibrd  to  the  parabolic  form  of  the  curve  of 
mbsorface  velocities,  as  shown  in  the  Physics  and  Hvdraulics  of  the  Mississippi,  by 
Uompbrevs  and  Abbot.  This  is  a  result  free  from  any  bias  on  the  part,  of  the  observer. 
General  £llis  and  his  assistants  {civil  engineers)  prepared  the  apparatus,  conducted 
tl»  operations,  and  worked  out  the  results  without  any  dictation  from  any  one.  Wliat- 
e-v^r  consultations  or  comparisons  have  been  made,  General  Ellis's  course  of  action 
hm  bf«n  left  tree.  An  attentive  perusal  and  examination  of  his  report  will  be  neces- 
«ry  to  enable  one  to  do  justice  to  this  subject.  I  will  not,  therefore,  attempt  an  ab- 
•triet  of  it,  but  will  give  here  but  one  diagram  showing  how  well  the  results  of  obser- 
Tattoos  conform  to  the  curve  of  the  parabola  given  by  the  Humphreys  and  Abbot 
fensnla,  with  the  parameter  as  derived  from  the  Mississippi  observations.  This  dia^ 
grim  ia  So.  9  of  EUis's  rei)ort. 

The  points  marked  thus  0  are  the  grand  means  of  all  the  subsiuface  velocity-meas- 
ormeats,  both  with  doats  and  meters  combined,  at  tenths  of  the  depths  in  the  sec- 
tioos  observed^  so  as  to  bring  all  together.  The  full  curve  drawn  is  the  parabola  in 
^position  required  by  the  Humpl^eys  and  Abbot  formula.  The  maximum  discrep- 
io<7  is  only  seveo-hundredths  foot  per  second.  The  position  of  the  axis  is  taken  at 
w^teDth  of  the  depth,  which  is  nearly  that  of  the  maximum  observed  velocity.  A 
ttJe  nearer  ac<M>rdance,  perhaps,  may  be  gained  by  a  shght  change  in  the  value  of  the 
wameter  of  the  parabola  in  the  equation.* 

'The  iiarahola  most  nearly  conforming  to  the  mean  of  the  Connecticut  River  obser- 
tJons  iflfliiowTi  by  tbe  dotted  line  in  the  diagram. 
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The  test  of  the  Humphreys  and  Abbot  middepth  velocity  theory,  i.  c,  the  constant 
ratio  of  middepth  velocity  to  mean,  is  shown  by  the  following: 

V  m 
,  ,  ,^  =  for  met-er  observations  on  low  velocities - 0.933 

=  for  float  observations  on  low  velocities  ...... 0.918 

=  for  meter  observations  on  hi^h  velocities 0.939 

=  for  float  observations  on  high  velocities 0.961 

=  by  Humphreys  and  Abbot V  formula 956 

This  appears  to  be  a  satisfactory  conflrmation. 

Observations  were  made  upon  the  slopes,  but  time  has  not  sufficed  for  us  to  make    . 
any  comparison  with  formula  in  which  this  factor  enters. 

In  General  Ellis^s  report  is  a  calculation  of  the  entire  volume  of  water  that  flowed 
past  Hartfonl  in  the  years  1871,  72,  73,  and  74.  If  meteorological  observations  fur- 
nish the  means  of  calculating  the  precipitation  in  the  area  drained,  an  interesting 
ratio  of  downfall  to  drainage  may  be  obtained. 

IMPROVEMENT. 

In  regard  to  the  improvement  of  the  navigation  of  this  portion  of  this  river,  I 
should  say  that  nothing  of  any  importance  can  be  done  until  there  is  an  adequate 
canal  around  the  rapids,  which  the  present  appropriations  are  too  small  even  to  make 
a  l»eginning  with. 

Between  Hartford  and  Enfleld  Rapids  we  are  engaged  on  wing-dams  to  increase  the 
depth  a  little  at  the  worst  bars,  so  as  to  float  the  boats  that  can  pass  the  existing 
canal.  This  canal  is  owned  by  a  water-power  company,  and  is  too  small  for  extensive 
transportation.  The  river  between  Enfield  Rapids  and  Holyoke  is  now  in  as  good 
condition  as  is  desired  by  any  vessel  that  can  reach  it. 

In  1872  an  appropriation  of  f25,000  was  made  exclusively  for  this  part  of  the  river, 
without  any  plan  of  improvement  having  been  made. 

With  this  we  have  carefully  surveyed  this  portion  of  the  river  without  finding  any 
place  where  it  can  be  expended  for  any  good  purpose.  There  is  a  balance  remaining 
on  hand  of  $10,702.9*2,  which  might  be  used  for  publishing  the  maps.  K  this  cannot 
be  done,  it  should  be  transferred  to  the  mouth  of  the  river  or  be  covered  into  the 
Treasury. 

The  money  on  hand  available  for  the  part  of  the  river  between  Enfield  Rapids  and 
Hartford,  $18,938.69,  is  all  that  is  at  present  needed,  and  no  further  appropriation  for 
the  river  above  Hartford  is  asked  for. 

Hartford  id  in  the  Middletown  collection-district. 

FINANCIAL  STATEMENT. 

Connecticut  River  above  Hartford  and  helow  Holyoke, 

Balance  in  Treasury  of  United  States  July  1,  1874 $12,  000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  July  1, 1874 9, 772  36 

Amount  expeudcMi  during  the  fiscal  year  ending  June  30,  1875 2,  893  62 

Amount  available  July  1,  1875 18,878  74 

Connecticut  Biver  from  Enfield  Falls  to  Holyoke. 

Balance  in  Treasury  of  United  Stateii  July  1,  1874 $10,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  July  1,  1874 2,  608  55 

Amount  exj)ended  during  the  fiscal  year  ending  Juue  30,  1875 1,  905  63 

Amount  available  July  1,  1875 10,702  92 
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It  must  be  added  to  the  above,  taken  from  the  annual  report  for  1875, 
that  General  Ellis's  report  contains  a  very  valuable  contribution  to  the 
question  of  the  ascent  of  the  tidal  waves  along  an  estuary  like  the  Con- 
necticut, which  subject  properly  came  in  this  field  of  investigatiou,  be- 
cause the  tides  are  sometimes  felt  above  Haiiford. 

The  statement  with  regard  to  the  Connecticut  River  above  Hartford 
is  given  in  the  Annual  Eeport  of  the  Chief  of  Engineers  for  1876,  page 
51,  and  pages  213  to  217  of  Part  I.  From  this  the  following  is  ex- 
tracted: 

CONNECTICUT  RIVER  ABOVE  HARTFORD,   CONN.,  AND  BELOW  HOLYOKE,   MASS. 

During  the  fiscal  year  ending  June  30, 1876,  the  condition  of  the  river  haa  been  such 
as  to  require  no  expenditure  for  improvements.  The  material  obtained  from  the 
surveys  and  measurements  in  former  years  has  been  worked  up  ready  for  publication, 
and  all  the  maps  and  diagrams  prepared  for  photolithographing.  During  the  progress 
of  the  work  separate  portions  of  the  river  and  surveys  were  reported  upon  by  tnem- 
selves,  and  these  reports  have  been  published  in  the  preceding  annual  reports.  We 
have,  however,  combined  them  all  in  one  report,  whicn  it  is  now  desirable  to  publish 
by  itself,  accompanied  by  the  maps  and  diagrams  that  generally  have  not  been  pub- 
lished. 

Some  careful  measurements  on  the  resistance  of  cords  and  floats  to  currents  of 
water  having  different  velocities  (included  in  this  combined  report)  have  not  yet  lieen 
published,  and  they  are  therefore  given  here  as  an  appendix.  As  there  appears  little 
likelihood  that  the  money  appropriated  for  this  river  above  Enfield  Falls  and  below 
Holyoke  can  be  used  in  any  desirable  improvement,  I  respectfidly  suggest  that  the 
money  be  partly  used  in  pulilishing  these  maps  and  full  report.  It  wifi  be  of  much 
local  value  as  affording  exact  information  of  the  river  and  valley,  and  in  the  results  of 
its  measurements  a  contribution  to  river  hydraulics  and  of  jjeneral  interest. 

If  any  shoals  should  give  trouble  to  the  vessels  now  navigating  between  Hartford 
and  Enfield  Falls  this  year,  the  funds  on  hand  are  believed  to  be  ample  to  provide  for 
removing  them. 

Connecticut  River  is  in  the  Middletown  collection-district.  Middletown  is  the 
nearest  port  of  entry.  The  amount  of  revenue  collected  there  during  the  fiscal  year 
ending  June  30,  1876,  was  $19,956.14. 

MONEY  STATEMENT. 

Above  Hartford  and  below  Enfield  Falls, 

Amount  available  July  1, 1875 |12,272  04 

Amount  avaUable  July  1, 1876 12, 272  04 

Above  Enfield  Falls j  Conn.,  and  below  Holyoke,  Mass, 

Amount  available  July  1,  1875 |10,702  92 

Amount  available  July  1,  1876    .- 10,702  92 

» 

Above  Hartford,  Conn,,  and  below  Holyoke,  Mass, 

Amount  available  July  1, 1875 |6,  606  65 

Amount  expended  during  the  fiscal  year  ending  June  30,  1876 2,  774  82 

Amount  available  July  1,  1876 3,831  83 

The  subreport  of  General  Ellis  appears  in  the  api)endix.  The  me^is- 
urements  as  to  the  resistance  of  cords,  &c,^  are  a  valuable  contribution. 

The  Annual  Eeport  of  the  Chief  of  Engineers  for  1877  gives  the  last 
report  preceding  the  present  one  made  on  the  river  above  Hartford. 
(See  page  45  and  pages  206-7  of  Part  I.)  From  this  the  following  is  ex- 
tracted: 

CONNECTICUT  RIVER  ABOVE  HARTFORD,    CONN.,  AND  BELOW  HOLTOKE,   MASS. 

The  condition  of  the  river  has  been  such  as  to  require  no  expenditure  for  improve- 
ments during  the  fiscal  year  ending  June  30,  1877.    If  any  shoals  or  other  obstructions 
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ghoald  give  trouble  to  snoh  Tessels  as  can  pass  the  Eafield  Falls  dniing  the  present 
year,  the  available  funds  will  be  used  for  their  removal,  and  they  are  deemed  sufficient 
to  meet  any  such  contingency.  A  thorough  improvement  of  the  Entield  Falls,  as 
alreadv  rejKirted,  is  a  necessary  ])reliminary  to  any  increase  in  the  navigable  caj>aoity 
of  this  river  above  Hartford.     Thisalone  will  cost  from  $800,000  to  $900, 000. 

To  make  a  thorough  improvement  of  the  river  between  Hartford  and  £nfield  Falls 
Till  cost  between  $2,000,000  and  |3,000,000. 

MONEY  HERETOFORE  APPROPRIATED  FOR  THIS  IMPROVEMENT. 

Owshalf  of  amount  appropriated  for  Connecticut  River,  June  11,  1870 |20, 000 

AboTe  Hartford  and  below  Holyoke,  March  3.  1871 20,000 

Oq  and  above  Enfield  Falls  and  below  Holyoke,  Juoe  10,  1872 25,  000 

Above  Hartford  and  below  Enfield  Falls,  March  3,  1873 20,  000 

Total 85,000 

Of  these,  the  first  was  ex|>ended  upon  wing-dams ;  the  second  has  been  partly  ex- 
pend«l  n|>on  surveys  and  dredging ;  the  third  has  been  partly  expended  upon  surveys 
ind  drwlging ;  the  fourth  has  been  partly  expended  upon  surveys. 

The  amounts  appropriated  have  been  wholly  inadequate  to  making  any  thorough 
riTer  iinprovenient,  and  so  there  was  means  for  making  thorough  surveys.  As  far  as 
Deeded,  these  surveys  have  now  been  made. 

Id  my  la^  annual  report-  upon  this  work,  I  stated  that  it  was  desirable  to  have  the 
pepoTte  made  upon  surveys  of  this  part  of  the  river  during  the  progress  of  the  im- 
proveiiient  published  in  a  combined  report,  with  the  maps  and  diagrams.  It  di>es  not 
«em  probable  that  the  money  appropriated  for  this  river  above  Entield  Falls  and 
bf low  Holyoke  will  be  needed  for  improvement,  and  I  suggest  that  so  nmch  as  is  ueces- 
«ry  )>e  used  in  publishing  these  maps  and  a  full  report.  The  maps  have  been  already 
pfepared  for  photolithographing. 

Ajfter  tliis  is  done,  I  recommend  that  all  the  money  appropriated  for  the  river  above 
Hjtftford  (reserving  $5,000  for  the  shoals  between  Hartford  and  Enfield  Falls)  be,  by 
law,  transferred  to  the  improvement  of  the  bar  at  the  mouth  of  the  river. 

Connecticut  River  is  in  the  Middletown  collection-district.  Middletown  is  the  near- 
est port  of  entry.  The  amount  of  revenue  collected  there  during  the  fiscal  year  end- 
isg  Juae  30,  1876,  was  $19,956.14. 

MONEY  STATEMENT. 

Above  Hartfardf  Conn,,  and  below  Holyoke,  Mass, 

Act  of  March  3, 1871 : 

Jnly  1, 1876,  amount  available |3,  831  83 

July  1, 1877,  amount  expended  during  fiscal  year 541  40 

Jnly  1,  1877,  amount  available 3,290  43 

On  and  above  Enfield  Falls,  Conn,,  and  below  Holyoke,  Mass. 

Act  of  June  10,  1872: 

Jnlyl,  1876,  amount  available |10,702  92 

Julyl,  1977,  amount  available 10,702  92 

Above  Hartford  and  below  Enfield  Falls,  Conn. 

Act  of  Much  3, 1873 : 

Julyl,  1876,  am3unt  available. $12,272  04 

Jnlyl,  1877,  amount  available 12,272  04 

Total  available  above  Hartford  Julyl,  1877 26,265  39 

In  producing  consecutively  the  several  annual  reports,  I  have  shown 
afl  the  successive  stages,  and  ea<;h  time  produced  a  summary  of  what 
had  preceded  it.  This  last  annual  report  is  itself  probably  a  suflflcient 
nmimary  of  what  has  been  done  to  one  who  has  followed  the  report 
throughout,  ani  it  is  only  by  such  examination,  step  by  step,  that  the 
whole  matter  can  be  understood. 

In  the  appendix  embracing  the  several  reports  of  General  Ellis,  all  the 
diagrams  are  dewribed  which  it  is  desired  to  publish,  and  they  accom- 
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pany  this  report    Those  diagrams  showing  volnmes  of  discharge  have 
been  brought  down  to  December  31,  1877. 

There  remains  but  to  say  that  initial  steps  have  been  taken  this  spring 
to  continue  work  upon  wing-dams  between  Hartford  and  Enfield  Falls, 
should  a  low  stage  of  water  make  it  necessary,  and  no  additional  appro- 
priations are  needed  for  this  purpose. 

For  the  future  it  remains  for  the  people  of  the  Connecticut  Yalley  to 
determine  what  kind  of  an  improvement  they  will  undertake,  and  take 
measures  to  seciure  the  money.  Engineering  skill  and  science  have  ex- 
hausted the  field,  and  plans  for  almost  any  alternative  plan  of  improve- 
ment the  people  may  select  are  already  prepared. 

It  seems  therefore  that  the  next  reasonable  step  in  the  direction  of 
progress  is  to  publish  the  report  in  fidl,  with  its  diagrams,  so  that  they 
may  have  an  opportunity  to  see  what  the  conditions  are,  and  choose  the 
best  course. 

Very  respectfully,  your  obedient  servant, 

G.  K.  Warren, 
Major  of  Engineers^  Bvt,  Maj.  Gen.^  U.  8.  A, 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  S.  A. 


REPORT  OF  GENERAL  THEO.  G.  ELLIS,  ASSISTANT  ENGINEER. 

GENERAL  CHARACTER  OF  THE  RIVER. 

Tlie  Connecticut  River  rises  in  the  extreme  northern  part  of  the  Stat«  of  New  Hamp- 
shire, near  the  Canada  bonier,  and  flows  southwardly  between  the  States  of  Vermont 
and  New  Hampshire  and  across  the  States  of  Massachusetts  and  Connecticut  to  Long 
Island  Sound. 

North  of  the  Massachusetts  line  the  water-shed  is  narrow  and  precipitous  and  the 
tributaries  are  small,  partaking  of  the  character  of  mountain  torrents,  the  principal 
streams  entering  the  (Connecticut  in  New  Hampshire  being  the  Upper  and  Lower  Am- 
monoosuc  and  the  Ashuelot  Rivers,  and  in  Vermont  the  Pa^isumpsic,  White,  and  West 
Rivers. 

In  Massachusetts  the  Chicopee  and  Miller's  Rivers  flow  into  it  from  the  east,  and  the 
Deertield  and  Westfield  Rivers  from  the  west.  The  principal  tributary  in  tie  State  €»f 
Connecticut  is  the  Tunxis,  or  Farmington  River.  This  rises  on  the  east^ily  slope  of 
the  Greeu  Mountains,  in,  Massachusetts,  and  flows  southeasterly  to  Farmington, 
Conn.,  where  it  makes  an  abrupt  bend  to  the  north,  and  passes  througk  the  range 
called  Talcott's  Mountains,  when  it  again  turns  southeasterly,  and  enters  tAe  Connecti- 
cut opposite  the  town  of  East  Windsor.  Two  small  streams  enter  the  Connecticut  at 
Hartiord,  the  Hockanum  on  the  east  and  Little  River  on  the  west.  Below  Hartford 
the  sti-eams  are  small,  and  except  during  rains  furnish  but  little  water  iP  the  river. 

Fix)m  its  source  to  the  Massachusetts  State  line  the  banks  of  the  Connecticut  are 
generally  of  a  permanent  character.  Through  the  State  of  Massachusetts  the  river 
passes  mostly  through  an  alluvial  formation,  though  in  some  places  tie  bed  is  formed 
of  hanl  and  peruianent  materials.  From  the  town  of  Northampton  to  Hartford  the 
river  flows  through  alluvial  meadows  overflowed  in  high  freshets.  Through  Massa- 
chusetts and  Connecticut  the  banks  are  not  generaUy  wooded,  but  occasional  patches 
of  wood  and  many  single  trees  stand  upon  them. 

The  Connecticut  River  is  navigable  to  Hartfonl  for  schooners  and  large  steamboata 
and  by  means  of  the  Enfield  Canal  for  smaller  craft  as  far  as  Holyote. 

Below  Hartford,  as  far  as  Rocky  Hill,  a  distance  of  about  nine  mies,  the  river  runs 
through  meadows,  and  the  banks  are  generally  a  clayey  loam  u^wn  ihe  outsides  of  the 
bends,  while  upon  the  opposite  sides  are  low  sand  beaches,  deposited  during  freshets. 
The  banks  upon  the  outside  of  the  curves  are  washing  away  rapidlf . 

From  Rocky  Hill  to  the  narrows  below  Middletown  the  banks  aiP  generally  perma- 
nent and  not  liable  to  wash.  Through  the  "  straits,"  for  a  distance  of  about  a  mile, 
the  banks  are  high  and  rocky  and  the  channel  is  deep  and  narrow. 

Fix)m  this  point  to  the  mouth  of  the  river  the  banks  suffer  but  little  abrasion  from 
the  current,  and  are  generally  hilly,  sloping  downward  to  the  river,  and  in  many  places 
rocky. 
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The  bed  of  the  stream  is  mostly  hard  sand  and  travel,  with  some  mixture  of  mnd  in 
the  lower  {lart  near  the  mouth.  At  the  mouth,  where  the  stream  enters  Long  Island 
Soond,  there  is  a  bar  such  as  is  usnaUy  formed  by  rivers  which  transport  sediment  and 
flow  through  an  alluvial  region. 

FRESHETS. 

• 

The  Connecticut  River  is  subject  to  freshets  of  considerable  height,  which  occur 
principally  in  the  spring,  when  the  volume  is  swollen  by  the  melting  snow,  altliough 
oc^isional  floods  have  occurred  in  every  month  of  the  year  except  July  and  Septem- 
ber. The  highest  freshets  generally  take  place  in  the  spring.  There  was  one  remark- 
»We  exemption,  however,  in  August,  1856,  when  the  water  at  Hartford  rose  to  a  height 
<rf  23  feet  4  inches  above  low-water  mark.  This  was  caused  by  unusually  heavy  rains 
vhich  occurred  at  that  time. 

The  freshet  of  May,  1854,  is  the  highest  known  below  Holyoke.  This  was  29  feet 
and  10  inches  above  the  low-water  mark  of  the  Hartford  gauge.  The  freshet  of  April, 
18@,  was  the  highest  known  on  Holyoke  dam,  and  was  proiiably  the  highest  in  the 
nrer  above  that  point.    At  Hartford  it  was  1  foot  and  2  inches  lower  than  that  of  1854. 

Previous  to  these  two  freshets  the  flood  of  1801  was  the  highest  on  record,  and  formed 
the  basis  of  most  of  the  points  of  reference  along  the  river  previous  to  1854.  The  low- 
▼tter  mark  was  27  feet  and  6  inches  below  this  high-water  at  Hartford,  and  the  pres- 
ent city  base  is  intended  to  be  30  feet  below  it.  The  same  low-water  mark  is  retained 
iX  the  present  time,  although  the  water  has  been  supposed  once  to  have  fallen  below 
tbig  MTo.  In  1867  there  was,  at  the  northeast  comer  of  Chapin's  wharf,  upon  a  large, 
firm  pile,  four  spikes,  put  in  by  different  persons  at  the  lowest  stages  of  tne  water  in 
diierent  years.  The  lowest  one  was  driven  by  Mr.  E.  B.  Famham.  of  Hartford,  at  the 
mreme  low-water  of  August,  1858,  and  was  .11  of  a  foot  lower  tnan  the  level  of  the 
»iQof  the  gauge  at  the  toll-bridge.  This  is  the  lowest  water  known.  The  next  spike 
v»  .12  of  a  foot  higher,  corresponding  to  about  the  zero  of  the  f^auge,  and  was  said 
to  have  been  driven  by  Mr.  Hempstead,  a  former  surveyor  of  the  Union  Company,  which 
iMiilt  8ome  wing-dams  upon  the  river  below  Hartford.  The  other  two  spikes  were  higher 
op.  One  of  them  was  driven  by  Mr.  P.  B.  Goodsell,  a  surveyor  of  the  Union  Company, 
in  ISSij  and  the  other  by  some  other  person  not  known. 

SURVEYS  OF  1871. 

The  first  reconnaissance  of  the  Connecticut  River  between  Hartford  and  Holyoke, 
with  a  view  to  improving  the  navigation,  was  made  in  January  and  Februarj','l871, 
i»d  the  foUowing  report  was  then  submitted. 

The  points  referrea  to  upon  the  maps  and  charts  transmitted  with  this  report  can  be 
f«md  opon  the  reduced  maps  of  the  river  herewith  appended.  Plates  I,  II,  and  III. 

Hartford,  Coxn.,  March  4,  1871. 

Gexeral  :  In  conformity  with  your  letter  of  December  20,  1870,  regarding  work  to 
be  done  on  the  Connecticut  River  above  Hartford,  I  beg  leave  to  submit  the  following 
rppoTt: 

A  general  reconnaissance  of  the  river  above  Hartford  shows  that  it  has  been  in  for- 
mer times  navigable  for  boats  of  light  draught  at  certain  stages  of  the  water,  even  as 
^  np  as  the  States  of  Vermont  and  New  Hampshire.  This  was  accomplished  by  means 
of  ranalfl  around  the  Enfield  Falls  and  Rapids,  extending  from  11  to  16  miles  al)ove 
Hartford ;  at  South  Hadley  Falls,  about  34  miles ;  and  at  Miller^s  Falls,  near  Green- 
field, Mass.,  al>out  66  miles,  by  tue  river,  above  Hartford.  Since  the  constraction  of 
the  railways  in  the  Connecticut  Valley,  however,  the  canals  above  Springfield  have 
fallen  into  disuse,  and  there  is  now  no  navigation  above  the  village  of  Holyoke,  Mass. 

At  this  place  the  l>ed  of  the  caual  still  remains,  being  mostly  excavated  in  the  solid 
wjck ;  but  the  locks  and  gates  have  long  since  disappeared,  leaving  a  succession  of  falls 
ID  the  lied  of  the  canal. 

The  Holyoke  Water-Power  Company,  in  their  new  dam  recently  completed,  have 
wnstractetl  a  lock  of  about  15  feet  width  at  the  east  end  of  the  dam  where  the  canal 
BOW  commences,  so  that  it  is  possible  to  repair  it  for  use,  although  the  great  expense 
of  the  work  would  not  be  at  all  warranted  by  the  amount  of  trade  that  would  be  Ukely 

to  pnm  through  it. 

A  paper-mill  is  now  built  directly  over  the  bed  of  the  caual,  but  the  archway  could 
^  nwed  sufficiently  for  the  passage  of  boats.    This  canal  is  at  present  used  only  as  a 
taikafe  for  the  mills  along  its  border. 
BoJyoke  is  now%  and  likely  to  continue  for  many  years,  the  head  of  all  navigation 
«i  the  Connecticut  Kiver. 

Bttwttn  Holyoke  and  Springfield,  a  distance  of  about  ten  miles,  it  is  said  that  there 
^lome  had  places ;  but  that  boats  drawing  4  or  5  feet  can  pass  at  an  ordinary  low 
^  of  the  water. 
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* 

A  line  of  Honndings  nin  from  Springfield  to  Holyoke  does  not  ahow  anything  less 
than  5  feet  in  depth  at  low  water  in  the  channel. 

On  this  part  of  the  river  there  are  two  bridges,  neither  of  whieh  has  a  draw ;  but 
they  are  sufficiently  high  to  allow  boats  without  masts  to  pass  under  them. 

lYoni  Springfield  to  Enfield  Falls,  a  distance  of  about  8  miles,  the  river  is  compara- 
tively good,  being  mostly  over  8  or  9  feet  deep,  with  but  one  bar  of  any  importance, 
at  Long  Meadow  Flats.  On  this  there  is  about  5  feet  at  low  water,  as  sounded  throagb 
the  ice  the  past  winter. 

A  line  of  soundings  has  been  run  from  the  head  of  the  Windsor  Locks  Canal  to 
Springfield,  following  as  nearly  as  possible  the  line  of  the  channel,  and  this  was  the 
worst  place  found. 

Immediately  at  the  head  of  the  canal  there  is  a  shoal  of  small  extent,  caused  by  the 
current  setting  into  the  entrance,  which  has  not  been  surveyed,  as  it  is  probable  that 
when  the  channel  below  is  improved  the  canal  company  will  take  care  of  that  as  well 
as  the  bed  of  the  canal. 

At  Springfield  there  are  two  bridges,  neither  of  which  has  draws,  and  there  are  no 
others  down  to  the  Enfield  dam  and  the  head  of  the  canal. 

The  Windsor  Locks  Canal,  reaching  from  aljove  the  dam  around  Enfield  Falls  and 
the  rapids  below  a  distance  of  5  miles,  is  mostly  used  at  the  present  time  as  a  water- 
power  for  manufacturing  purposes  at  tlie  village  of  Windsor  Locks. 

The  bed  of  the  canal  at  the  surfac^^  of  the  water  is  from  50  to  100  feet  wide,  and  the 
wat«r  is  from  5  to  12  feet  in  depths  There  is  an  enti-ance  lock  at  the  upper  end  77^  feet 
long  and  20  feet  wide,  and  at  the  lower  end  there  are  three  locks,  each  77  feet  lone 
and  18|  feet  wide.  All  of  these  locks  are  in  poor  repair.  The  canal  is  somwUat  filled 
in  by  washing  from  the  banks,  and  is  nmch  troubled  by  a  long  eel-era«s  growing  up 
fix)m  the  l)ottom.  It  can,  however,  be  jmt  in  passable  condition  witn  little  expense. 
This  will  probably  be  done  by  the  company  when  the  channel  is  improved  below. 
During  eight  weeks  last  summer  no  boats  were  able  to  get  up  as  far  as  the  canal  on 
account  of  the  low  stage  of  the  river. 

Although  there  is  a  fall  of  about  25  feet  in  the  5  miles  of  river  alongside  the  c^nal, 
it  is  navigable  at  certain  stages  of  the  water,  an  opening  being  left  iii  the  middle  oi 
the  Enfield  dam  to  allow  boats  to  pass. 

By  the  way  of  the  river,  boats  are  obliged  to  pass  under  the  highway  bridge  at  En- 
field, and  the  bridge  of  the  New  Haven,  Hartford  and  Springfield  Railway,  which  also 
have  spans  over  the  canal.  These  bridges  have  no  draws,  although  the  charter  of  the 
railn>ad  company  requires  them  to  have  one.  The  railroad  bridge  has  a  **  draw-span," 
where  it  was  intended  that  a  draw  should  be  placed,  but  it  is  near  the  west  end  of  the 
bridge,  and  not  over  the  channel,  which  runs  near  the  middle  of  the  river.  Between 
the  lower  outlet  of  the  Windsor  Locks  Canal  and  Hartford  are,  at  present,  the  wonst 
places  in  the  navigable  portion  of  the  river.  By  measurements  taken  while  descend- 
ing the  river  in  a  small  boat  during  the  lowest  water  last  summer,  the  depth  of  water 
on  the  bars  in  the  course  of  the  channel,  indicated  by  the  captain  of  a  boat  navigating 
this  i>ortion  of  the  river  who  accompanied  me,  was  as  follows :  At  Barber's  Landing,  1 
foot;  at  Farmington,  orTunxis  River,  1.5  feet;  at  Strong's  Island,  1.3  feet;  at  Scautic 
Kiver,  1.2  feet.    The  deepest  places  on  the  bars  were  probably  not  found. 

SURVEYS. 

In  view  of  the  amount  of  the  appropriation  for  this  part  of  the  Connecticut  River, 
it  was  thought  best  not  to  make  any  extended  or  exi)ensive  surveys,  but  to  give  espe- 
cial attention  to  that  part  of  the  channel  which  presented  the  greatest  obstacles,  and 
which  seemed  to  be  in  the  most  immediate  need  of  improvement.  The  worst  part  of 
the  river  being  between  Hartford  and  Windsor  Locks,  it  seemed  advisable  to  cx>m- 
mence  with  the  improvements  at  Hartford,  and  improve  the  channel  upward  as  far  as 
the  appropriation  would  allow ;  especially  as  the  lower  part  must  be  passed  to  reach 
the  upper,  and  while  the  obstnictious  existed  below  there  was  no  navigation  at  all 
on  the  better  portion  of  the  river  above. 

It  has  also  been  deemed  preferable  to  make  a  moderate  improvment  in  all  the  worst 
places  below  the  canal,  so  as  to  permit  the  passage  of  boats  of  light  draught  at  all 
stagl»s  of  the  water,  rather  than  to  expend  too  much  upon  any  one  place ;  so  that 
whatever  improvements  are  made  with  the  present  appropriation  will  benefit  the 
whole  river  above. 

In  conformity  with  these  views,  surveys  have  been  made  on  the  lower  part  of  the 
river  during  the  past  winter,  since  January  1,  to  determine  the  position  of  the  bars 
and  the  best  method  of  impro^dng  the  channel. 

On  the  maps  herewith  presented  the  soundings  are  reduced  to  a  uniformly-inclined 
surface  between. the  low-water  mark  at  Hartford,  which  is  assumed  at  the  zero  of  the 
gauge-board  at  the  toll-bridge,  and  what  is  supposed  to  be  the  low-water  mark  at  the 
mouth  of  the  Scantic  River  near  the  village  ot  East  Windsor  Hill. 

Bench-marks  were  established  at  intervals,  and  all  soundings  referred  to  gauge-stakes 
set  from  the  bench-marks. 
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These  benches  -were  carefully  leveled  over  between  Scaiitic  River  and  the  gange- 
board  at  HartfoitL  The  height  of  the  water  at  each  end  of  the  line  was  taken  everj" 
fen  minat^es  on  three  diffei-ent  days,  to  get  the  average  slope  of  the  water  surface  and 
to  eUminate  the  effect  of  fluctuations  of  the  river,  which,  fortunately,  during  the 
olwenrationa,  were  veiy  small.  The  average  of  the  observations  for  a  mean  height  of 
wikr  of  2.64  feet  at  Hartford,  varying  between  2.41  and  2.8^  feet,  gave  the  slope  of 
the  river  surface  between  the  two  points  at  3.10  feet,  with  a  probable  error  of  j-.OG 
fiwt    The  tot^l  distance  by  the  river  between  the  points  observed  is  38,300  feet. 

The  slope  of  the  surface  at  extreme  low-water  has  been  assumed,  however,  at  3.83 
feet  lietween  the  above-named  points,  or  0.1  of  a  foot  in  1,000  feet,  as  extreme  low- 
water  at  Hartford  is  cansed  by  uncommonly  low  tides,  which  materially  increase  the 
•lope  of  the  river  at  snch  times,  there  being  little  or  no  tide  at  the  mouth  of  the  Scanric, 
lod  sometimes  a  foot  and  a  half  at  Hartford.  It  is  believed  that  the  plane  assumed  is 
IS  near  as  possible  to  extreme  low-water  mark  over  the  portion  of  the  river  where 
Brandings  were  taken. 

The  presence  of  the  ice  on  the  surface  of  the  water  during  the  time  of  the  surveys, 
by  its  retarding  influence  upon  the  upper  stratum  of  water,  nas  the  effect  probably  of 
deepening  the  channel  over  the  worst  places  on  the  bars  by  increasing  the  current  on 
the  bottom,  but  the  stage  of  the  river  having  been  at  about  the  level  of  ordinary  low- 
water  during  the  progress  of  the  surveys,  the  change  has  not  probably  been  material. 

CHARACTER  OF  THE  BOTTOM  AND  BANKS. 

The  bottom  of  the  river  upon  the  parts  where  soundings  were  taken  is  coarse  and 
fine  sand,  with  a  mixture  of  mud  in  the  deeper  places. 

Upon  the  crests  of  the  bars  it  is  a  fine  clear  material,  which  moves  easily,  and  the 
graiiiA  of  which  roll  over  and  over  each  other  with  the  current,  forming  suiall  waves 
on  the  surface  of  the  bottom,  until  the  grains  reach  the  top  or  crest  of  the  bar,  when 
they  fall  down  the  steeply-inclined  slope  of  the  lower  side  of  the  ridge. 

Tliis  is  the  operation  at  low-water:  at  high- water  the  bars  are  probably  carried 
away^  to  l>e  reformed  again  as  the  river  falls  to  its  low  level. 

The  character  of  the  bars  above  Hartford  differs  materially  ftom  that  of  those  below. 
The  latter  lie  sqaare  across  the  river,  with  the  deepest  water  above  and  below  them  in 
ahnost  the  same  line,  and  crossing  the  deepest  point  of  the  bar.  Above  Hartford  the 
bars  are  less  compact,  and  their  formation  is  more  up  and  down  diagonally  across  the 
riyer,  with  the  deep  water  extending  into  each  acute  angle  formed  with  the  banks. 

The  channel  runs  down  on  one  side,  between  the  bar  and  shore,  until  the  greater 
part  of  the  water  is  wasted  over  the  shoal,  and  forms  another  channel  on  the  other 
side,  which  again  has  deep  water,  and  usually  continues  for  some  distance  down 


The  general  principle  adopted  for  improving  the  navigation  over  these  bars  is  not 
»  much  to  direct  the  water  flowing  in  the  channel,  as  to  cut  off  the  wastage  over  the 
upper  part,  of  the  shoal  by  suitable  wing-dams,  so  as  to  force  more  water  into  the  ])roper 
and  natnral  channel,  to  enable  it  to  scour  out  deeper  by  the  increased  abrasion  of  the 
water  on  the  bottom. 

The  character  of  the  banks  could  not  well  be  observed  during  the  progress  of  the 
Hurey,  owing  to  the  great  amount  of  snow ;  but,  from  previous  observation,  thev  are 
known  to  he  washing  away  on  the  outside  of  the  bend,  for  about  2  miles  above  Hart- 
find,  and  to  be  tolerably  permanent  above  that  point. 

higley'8  point  bar. 

TTie  first  place  above  Hartford  needing  immediate  improvement  is  at  Higley's  Point, 
ahont  If  miles  above  the  toll-bridge. 

Here  it  is  proposed  to  construct  a  wing-dam,  about  900  feet  long,  out  from  the  east 
hank,  just  above  the  entrance  of  a  small  stream,  as  shown  by  a  red  line  on  chart  No.  1, 
hemrith  submitted. 

This,  it  is  believed,  will  throw  sufficient  water  into  the  channel  to  preserve  the 
wqtiifiite  depth  at  low-water  for  the  ordinary  traffic. 

BAR  AT  barber's  LANDING. 

The  next  place  above  Higley's  Point  that  needs  attention  is  near  Barber's  Landing, 
^  miles  above  Hartford.     This  bar  is  of  the  same  general  character  as  that  of  Higley's 
Pomt,  being  formed  by  the  wasting  of  the  water  over  the  flat  above,  and  crossing  to 
^he  other  wde  of  the  river.     Here  it  is  proposed  to  construct  a  wing-dam,  about  900 
fot  in  lengthy  extending  ont  from  the  east  side  of  the  river  below  the  entrance  of  the 
■ttJI  stream, 'in  the   position  indicated  by  the  red  line  on  chart  No.  2,  herewith  sub- 
totted.    This  win^-danoi  might,  perhaps,  be  moved  a  little  farther  down  stream,  but 
it  roaid  come  in  <^eper  water  and  be,  therefore,  more  expensive. 
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TUNXI8  RIVER  BAR. 

Where  the  Tunxis  or  Farmington  River  enters  the  Connecticut,  5^  miles  alwve 
Hartford,  two  extensive  sand-flats  have  formed ;  one  on  the  west  side  of  the  river, 
extending  from  the  Tunxis  about  three-quarters  of  a  mile  up  the  river,  and  the  other 
below,  on  the  opposite  side,  extending  down  the  river  about  half  a  mile.  Between 
these  two  flats  tne  bar  has  formed,  reaching  diagonally  across  the  channel  in  th« 
usual  manner,  before  describe<l. 

This  bar  is  shown  on  chart  No.  3,  and  the  sand-flats  on  charts  Nos.  3  and  4,  wbicli 
are  continuous,  and  Join  on  the  line  a  h. 

Just  below  the  mouth  of  the  Tunxis  the  channel  make«  an  abrupt  turn  to  the  west- 
ward, and  continues  down  on  the  west  side  of  the  river  with  quite  deep  water.  The 
bar  runs  for  some  distance  between  two  deep  pockets,  and  it  is  a  matter  of  some  donbt 
where  it  is  better  to  deepen  the  channel  across  it.  The  position  selected  for  a  wing- 
dam  at  this  place,  shown  by  the  red  line  on  chart  No.  3,  extending  out  from  the  east 
bank  nearly  at  right  angles,  is  believed  to  be  the  best,  as  it  changes  as  little  as  pos- 
sible the  pi^&sent  Ime  of  deepest  water  over  the  bar.  This  wing-dam  will  be  about  500 
feet  long. 

strong's  island  bar. 

At  Strong's  Island,  so  called,  although  at  ordinary  low-water  it  is  all  covered,  the 
principal  bar  is  situated  just  below  the  flat  or  island,  6J  miles  from  Hartford.  The 
channel  follows  the  west  bank  of  the  river  for  about  a  mile  above,  and  then  crosses 
over  the  bar  to  the  east  side  of  the  river.  There  is  no  channel  to  the  eastward  of 
Strong's  Island,  and  just  above  it  an  extensive  shoal  reaches  to  the  east  bank.  There 
is  also  another  sand-flat  above,  bare  at  low -water.  These  are  all  shown  on  the  ac- 
companying chart  (No.  4),  which  embraces  the  whole  river  up  to  the  Scantic. 

It  is  proposed  to  form  a  channel  over  this  bar  by  means  of  a  wing-dam,  extending 
out  about  1,100  feet  from  the  east  bank  across  the  upper  part  of  Strong's  Island,  as 
shown  by  the  red  line  on  chart  No.  4.  This  will  cut  oft  the  water  now  wasting  to  the 
eastward  of  the  flat  and  over  it  at  ordinary  stages  of  low-water,  and  throw  it  into 
the  channel. 

Betweeu  Strong's  Island  and  the  Scantic  there  are  some  stumps  in  the  channel  that 
will  be  required  to  be  removed. 

SCANTIC  BAR. 

The  bar  at  the  mouth  of  the  Scantic  River,  7^  miles  from  Hartford,  is  at  present  the 
worst  place  on  the  river.  Opposite  the  mouth  of  the  Scantic  and  a  little  above  there 
is  an  irregular  bar,  as  shown  by  the  survey ;  but  ordinarily  no  trouble  is  experienced 
above  the  main  bar  just  below.  This  commences  at  a  point  near  Bissell's  Ferry,  and 
runs  diagonally  across  the  river  to  a  point  near  the  upper  part  of  Strong's  Island  Flat, 
about  half  a  mile  below.  It  leaves  a  large  and  deep  pocket  on  the  east  side  of  the 
river  just  below  the  Scantic  ferry  landing,  which  extends  some  distance  down  the 
river,  and  was  probably  once  the  principal  channel.  The  channel  is  now  on  the  west 
side  l>elow  Scantic  Bar,  and  is  quite  narrow  for  some  distance ;  but  by  the  means  pro- 
posed for  improving  the  bar,  the  channel  below  will  also  be  l>euefited. 

By  cutting  off  all  the  wat-er  from  the  present  channel  on  the  west  side  of  the  river, 
the  water  might  l>e  forced  to  follow  the  east  bank  at  least  as  far  as  Strong's  Island ; 
but  the  uncertainty  of  changing  the  channel  to  tliis  extent,  as  well  as  the  increased 
expense,  make  the  improvement  of  the  present  western  channel  preferable. 

It  is  proposed  to  improve  this  place  in  the  river  by  running  out  a  wing-dam  from 
the  point  of  high  ground  just  above  the  mouth  of  the  Scantic  diagonally  down  stream 
about  1,400  feet,  then  turning  more  parallel  to  the  current,  and  continuing  it  alnrnt 
600  feet  farther  down.  This  will  cut  off  and  turn  into  the  channel  most  of  the  water 
flowing  over  the  flat  into  the  deep  pocket  above  mentioned  near  the  Scantic  shore. 

Tlie  proposed  construction  will  interfere  with  the  present  ferry-landings,  but  it  is 
not  seen  how  it  can  be  avoided  without  greatly  iijcreased  expense.  By  moving  the 
ferry-landings  a  few  hundred  feet,  which  would  come  more  nearly  opposite  the  road 
leading  to  East  Windsor  Hill,  the  ferry  can  be  operated  below  the  proposed  dam. 

A  portion  of  the  structure  might  be  left  oft'  for  a  time  to  see  the  effect,  and  it  might 
not  be  necessary  to  continue  it  so  far  down  as  to  seriously  interfere  with  the  present 
road  and  landings. 

THE  CHARACTER  OP  THE  WING-DAMS. 

The  river,  through  the  whole  length  of  the  part  embraced  in  the  proposed  improve- 
ment, is  much  wider  than  the  average  for  the  same  distance  below  Hartford  at  orciinary 
stages  of  the  water,  although  at  extreme  low-water  some  few  places  become  nar- 
rower. Wherever  the  bars  form  the  river  is  wide,  and  the  proposed  wing-dams  are  there- 
fore quite  long.    In  order  not  to  interfere  too  much  with  tne  regimen  of  the  river  at 
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Itigber  stages  of  water,  it  seems  desirable  not  to  make  these  dams  too  high.    A  height 

of  2j  feet  above  low -water  mark  has  been  assumed  for  all  of  them,  which  reaches  to 

the  onlinary  low-water  level  or  a  little  above. 
The  !)f<*tion  assumed,  is  to  have  the  top  3  feet  in  width,  and  the  slope  on  each  side 

one  horizontal  to  one  vertical. 

The  best  material  available  for  the  construction  of  these  embankments  is  the  broken 
stooe  and  waste  firom  the  sandstone  quarries  on  the  river.  This  will  form  a  perma- 
neut  c<»nstmction  not  likely  to  be  washed  away  during  freshets,  and  will  probably  be 
^ottd  to  be  the  cheapest  mode  of  forming  suitable  wing-dams. 

Stonf«  of  various  sizes  can  be  thrown  in  at  random  from  scows  until  the  dam  is  built 
np  to  the  dimensions  des<^ril>ed.  It  would  not  be  water-tight,  but  sufficiently  compact 
to  offer  the  requisite  obstruction  to  the  flow  of  water. 

There  are  large  quarries  at  Portland,  16  miles  below  Hartford,  with  great  quantities 
of  waste  lying  cloee  to  the  bank  of  the  river,  and  also  a  quarry  at  East  Windsor,  about 
9  miles  above  Hortford,  with  a  railway  to  the  river-bank  and  good  facilities  for  loading 
the  ^one  into  boats. 

A  {suitable  stone  could  probably  be  foimd  at  other  points  on  the  river  and  quarried 
espeeially  for  this  work,  fldthough  perhaps  it  would  not  be  so  cheaply  obtained. 

ESTIMATE  OF  COST. 

Wm^-damat  Higley's  Point,  600  cubic  yards,  at  |3 |1,  800  00 

Wiujs^-dam  at  BarbeVs  Landing,  900  cubic  yards,  at  |3 2,  700  00 

Wing-dam  at  Tunxis  River,  700  cubic  yards,  at  $3 2, 100  00 

Wing-dam  at  Strong's  Island,  560  cubic  yards,  at|3 1, 680  00 

WingHlam  at  Scautic  River,  2,880  cubic  yards,  at  $3 8,  640  00 

KnnoTing  stum^is 80  00 

Simeys  already  made,  &c 3,000  00 

Total 20,000  00 

IMPROVEMENT  OF  ENFIELD  FALLS. 

My  attention  is  called  in  your  communication  of  February  23  to  a  letter  from  Mr. 
ChiU"le»  E.  Buell,  of  Springfield,  Mass.,  to  Mr.  Minot  in  regard  to  improving  the  Con- 
Becticut  River  above  Hartford,  with  a  desire  that  I  will  consider  it  in  making  up  my 
report. 

Mr.  Buell  says :  "  Every  eflTort  should  be  made  to  keep  the  appropriations  from  being 
expended  except  on  the  Enfield  Falls,  and  to  avoid  the  use  of  the  present  canal ;  or 
ebe  every  l>usine8S  interest  above  Windsor  Locks  must  pay  an  unnecessary  tribute  to 
the  canal  company,  while  a  trifling  increase  in  outlay  will  give  us  a  free  highway^  be- 
sdw  achling  other  valuable  advantages,  if  a  dam  was  constructed  across  the  river  at 
the  fcKit  of  the  falls." 

There  is  no  doubt  that  the  canal  at  Enfield  Falls  is  a  great  disadvantage  to  na>4ga- 
tion  aliove,  and,  if  possible,  should  be  avoided.  From  the  foregoing  statements  and 
estimate  it  will,  however,  appear  that  the  amount  already  appropriated  will  not  more 
than  «iver  the  expense  of  tlie  necessary  improvement  of  the  river  up  to  the  lower  end 
of  the  canal.  There  seems  to  l)e  no  necessity  for  work  on  the  Enfield  Rapids  until  the 
river  is  in  sucli  a  condition  that  they  can  be  reache<l  fn)m  below. 

From  my  present  knowledge  of  the  river  I  should  say,  however,  that  in  the  higher 
stage*  of  the  water  the  channel  becomes  navigable  below  the  canal  before  it  is  pass- 
able at  all  over  the  rapids ;  and  that  when  the  water  rises  much  above  the  ortlinary 
level  iKiats  can  ascend  or  descend  the  river  without  passing  through  the  canal,  although 
the  accent  is  difiicult. 

The  prevailing  stage  of  the  river  during  the  months  open  to  navigation  is  from  1  to 
2  feet  above  low- water  mark,  at  which  sta^e  the  rapids  are  totally  impassable,  and 

the  canal  is  used  by  such  boats  as  can  pass  m  the  channel  below  to  ascend  the  river. 
Under  these  circumstances,  there  seems  to  be  no  doubt  that  the  channel  below  the 

c«ul  should  be  first  improved,  so  as  to  make  the  communication  with  the  river  above 

good  at  all  times. 
With  regard  to  further  improvement  there  is  some  question  whether  it  is  best  to 

improve  the  present  canal  by  widening  and  lengthening  its  locks,  or  to  try  to  benefit 

tht^  river-channel  in  some  other  way. 
I  have  not  heretofore  considered  this  question,  as  the  appropriation  already  made 

▼oold  not  more  than  meet  the  requirements  below,  and  is  totally  inadequate  to  meet 

^  expense  oi  improvements  on  tne  canal  or  over  the  falls. 
It  is  raggested  by  Mr.  Buell,  in  the  letter  above  mentioned,  that  a  dam  should  be 

'^t  at  toe  £oot  of  the  falls.     But  he  does  not  say  how  that  is  expected  to  benefit  the 

''•^gation.    He  probably  intends  that  a  series  of  locks  shall  be  made  in  connection 

^^  %  to  ndae  and  lower  the  boats  between  the  two  levels,  which  would  be  from  25 
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This  plau  is  practicable  in  an  engineering  point  of  view,  but  there  are  seveTal  objec- 
tions to  it  as  a  means  of  inlp^o^^utt  the  navigation  of  the  river.  In  the  first  place  b 
its  cost.  The  dam  at  Holyoke,  of  about  the  same  height  and  less  width,  has  cosi 
$600,000,  the  main  dam  having  been  built  twenty  years  ago,  when  prices  were  much 
lower  than  now.  The  proposed  dam^  with  its  locks,  would  be,  roughly,  say,  $250,000 
more,  or  $850,000 ;  an  amount  that  it  is  not  at  all  probable  would  ever  be  appropriated 
for  the  navigation  that  exists  above  Hartford. 

The  dam  proposed  would  prevent  all  navigation  except  through  the  locks.  No  open- 
ing could  be  left,  as  in  the  present  dam  at  the  head  of  the  falls,  for  boats  to  paaa  at 
higli-water. 

The  cost  for  attendance  on  the  locks  would  probably  cost  more  than  the  tolls  throagh 
the  present  canal,  which  are  stated  to  be  $1,200  for  the  year  1869.  If  a  dam  were  dos- 
sible,  on  account  of  the  expense,  the  proposed  plan  is  probably  not  the  best.  A  dam 
at  the  head  of  the  falls  ana  a  canal  around  the  rapids  would  probably  prove  cheaper 
and  safer,  and  could  be  built  more  permanently  at  less  cost. 

It  apjiears  to  me,  however,  that  all  such  questions  involve  too  great  an  outlay  for 
the  benefit  derived.  If  the  river  between  the  points  embraced  by  the  canal  can  be 
improved  so  as  to  be  passable  for  boats  to  a  ^eater  extent  than  at  present,  it  would 
seem  desirable  to  expend  any  future  appropriations  in  that  direction,  especially  as  the 
dimensions  of  the  locks  in  the  present  canal  are  far  too  small. 

The  canal  is  owned  by  the  Connecticut  River  Company,  chartered  by  the  State  of 
Connecticut  for  the  purpose  of  improving  the  navigation  of  the  river  between  Hart- 
ford and  Springfield ;  and  thev  have  the  right  to  make  improvements  anywhere  on 
the  river  above  Hartford.  It  does  not  appear,  however,  that  they  have  ever  done  any 
other  work  than  build  the  canal  and  dam,  which  latter,  the  charter  provides,  shall  not 
interfere  with  boats  ascending  and  descending  the  river.  This  it  certainly  does  at  the 
present  time.  The  opening  originally  left  in  the  dam  has  since  been  partially  filled 
up  by  the  company  with  blocks  of  stone. 

The  charter  provides  for  commissioners,  appointed  by  the  governor  and  confirmed 
by  the  senate,  who  have  i>ower  to  stop  the  tolls  on  the  canal  whenever  the  company 
do  not  comply  with  the  t-erms  of  the  charter,  and  it  is  extremely  doubtful  if  the  pres- 
ent state  of  the  canal  and  river  would  not  warrant  them  in  so  doing. 

A  full  investigation  of  all  the  facts  connected  with  the  river,  and  also  with  the 
rights  of  the  Connecticut  River  Company,  as  well  as  a  fnll  and  complete  survey,  will 
be  necessary  before  deciding  where  future  appropriations  should  be  expended. 

List  of  dccompanying  maps  and  charts* 

1.  Chart  of  Higley's  Point  Bar. 

2.  Chart  of  Barber's  Landing  Bar. 

3.  Chart  of  Tunxis  River  Bar. 

4.  Chart  of  Strong's  Island  and  Scantic  River  Bars. 

5.  Map  of  the  Connecticut  River  from  Hartford,  Conn.,  to  Hadley,  Mass.^  compiled 
from  the  latest  county  and  town  maps.  The  river  from  Hartford  to  Scantic  is  from 
actual  survey. 

Very  respectfully,  yours, 

Theo.  G.  Elus, 

Civil  Engineer. 
Moj.  Gen.  G.  K.  Warren, 

Major  United  States  Engineers, 

The  wing-dams  recommended  in  this  report  were  partially  constructed  in  the  sum- 
mer of  1871. 

That  at  Scantic  Bar  was  commenced  first,  and  was  built  out  to  a  point  150  feet  be- 
low the  angle  shown  on  the  map  of  the  river,  Plate  I,  and  was  stopped  then  to  deter- 
mine whetner  the  required  effect  would  not  be  produced  without  interrupting  Bissell's 
ferry  just  below. 

The  result  obtained  was  so  satisfactory  that  the  dam  was  not  extended  farther ;  but 
the  ferry  is  said  to  be  much  damaged  by  the  accumulation  of  sand  below  it. 

The  wing-dams  at  Strong's  Island  and  Tunxis  River  Bars,  shown  on  Plate  I,  were 
then  commenced,  and  were  nearly  completed  before  the  close  of  the  working  season, 
about  the  middle  of  November. 

The  next  year  the  water  remained  high  late  into  the  summer,  and  no  work  was 
done.  In  the  summer  of  1873  the  water  was  again  low  and  trouble  was  experienced 
at  Barber's  Landing  Bar  by  boats  running  up  the  river.  An  examination  of  the  effect 
of  the  wing-dams  already  built  showed  that  the  channel  had  been  deepened  by  their 
action  to  about  3  feet,  and  it  was  also  found  that  the  bars  at  Barber's  Landing  and 
Higley's  Point  had  materially  changed  their  positions,  so  that  the  wing-dams,  as  origi- 
naUy  proposed,  would  be  too  far  up  stream.  Owing  to  the  uncertainty  of  tne  action 
of  the  river  at  these  places  the  improvement  by  wing-dams  was  given  up  for  the  time. 
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(d  in  the  ennnmer  of  1873  a  channel  near  the  west  hank  of  the  river  at  Barber^s 

uidin£  was  dredged  out.     As  the  channel  of  the  river  formerly  ran  in  this  place,  and 

e  banks  had  not  materially  changed,  there  was  some  hope  that  a  permanent  diver- 

m  might  be  made  which  would  deepen  the  water. 

rhe  next  season,  however,  found  the  dredged  channel  entirely  filled  up,  and  the 

oa]€«t  part  of  the  bar  somewhat  farther  down  stream  than  before. 

It  will  be  seen  from  the  map  of  the  river,  Plate  I,  upon  which  the  proposed  wing- 

m  of  1871  is  shown,  that  it  would  have  been  of  doubtful  expediency  to  have  con- 

rurted  it. 

rhe  charts  of  the  several  bars  referred  to  in  the  foregoing  report  showed  the  bars  as 

ey  existed  at  the  time  of  the  survey  in  January,  1871,  before  any  of  the  wingnlaras 

YK  constmcted ;  but  the  localities}  are  shown  on  Plato  I  of  tlie  map  of  the  river  here- 

ith  snbmitt^d,  as  resurveyed  in  1873,  reduced  fi^om  the  large  sheets  of  the  survey 

>m  Hartford  to  Holyoke.     The  changes,  however,  except  in  the  immediate  vicinity 

the  wing-dams,  are  not  important. 

The  map  of  the  river  from  Hartford  to  Hadley  was  mostly  compiled ;  whereas  the 

ap  now  presented  is  from  actual  survey,  and  shows  all  the  points  referred  to  in  the 

aregoing  report,  in  many  respects  better  than  that  originally  accompanying  it. 

SURVEY  OF  ENFIELD  RAPIDS. 

In  continuation  of  the  general  plan  of  improvement  above  Hartfonl,  it  became 
teceasary  to  provide  for  some  means  of  passing  over  or  around  the  Enfield  Kapids, 
ihove  the  improvements  contemplated  in  the  foregoing  report.  A  survey  of  that  por- 
ion  of  the  river  embracing  the  rapids  and  the  Windsor  Locks  Canal  was,  tlieref(>re, 
B^e  in  the  summer  and  mil  of  1871,  commencing  on  the  22^1  of  June  and  continuing 
mill  the  middle  of  November. 

The  following  report  was  made  of  this  survey,  recommending  a  canal  around  the 
rmfmls.  The  map  accompanying  the  report  showed  the  ditterent  plans  proi>o«ed  in 
hues  of  different  colors.  All  of  these  lines  are  transferred  to  the  general  map  of  the 
liver,  Plate  U,  on  a  reduced  scale ;  but  in  place  of  the  colors  the  several  lines  are 
narked  with  the  number  of  the  proposed  plan. 

The  **  sections  "  referre<l  to  in  this  report  commenced  at  the  foot  of  the  old  canal, 
and  were,  at  about  500  feet  intervals,  numbered  up  the  river.  Their  position  can 
readily  be  found  by  the  scale. 

Hartford,  Conn.,  January  10,  1872. 

General:  In  pursuance  of  the  improvement  of  the  Connecticut  River  above  Hart- 
ford, as  provided  for  in  the  appropriation  act  for  the  improvement  of  rivers  and  har- 
bors, approved  March  3,  1871,  a  survey  has  been  made  of  the  Enfield  Rapids,  in  the 
State  of  Conn^jticut,  with  a  view  to  ascertain  what  improvement  can  be  mmle  at  this 
pUee  to  enable  boats  of  a  sulficient  size  to  pass,  at  all  times,  and  at  the  different  stages 
c€the  water,  to  the  navigable  portion  of  the  river  above. 

SURVEYS. 

The  jmrveys  of  these  rapids  have  been  made  during  the  past  season,  in  connection 
with  the  improvement  in  progrt^ss  below. 

An  a^'curate  map  of  this  part  of  the  river  has  been  made,  showing  the  banks  and 
adjacent  roads  and  buildings,  and  everything  that  would  be  likely  to  be  aftected  by 
eanalii  upon  the  banks,  or  dams  constructed  across  the  river-bed. 

Sertions  have  l)een  carefully  leveled  over  at  distances  of  about  500  feet  apart,  ex- 
ten*Ung  through  the  bed  of  the  channel  to  such  a  distance  on  each  side  as  would  be 
lik«*ly  to  be  enuiraced  in  any  proiK>sed  improvement. 

Bench-marks  were  established  by  careful  leveling  from  the  low- water  gauge-mark  at 
Hartford,  and  the  height  taken  of  all  high-water  tiood-marks  that  ha<l  been  preserved 
by  different  persons,  and  of  all  the  lowest  water-marks  that  could  be  a8certaine<l. 

The  field-work  was  in  charge  of  my  principal  assistant,  Mr.  Charles  L.  Burdett,  civil 
en^neer,  who  made  the  survey  of  the  shore-lines,  roads,  and  buildings,  and  ran  the 
teetioD-lines  across  the  river.  He  also  made  part  of  the  soundings  in  the  bed  of  the 
rivfT. 

The  levels  were  taken  by  Mr.  Henry  W.  Ayres,  civil  engineer. 

Much  of  the  survey  of  the  section-lines,  and  leveling  over  them,  was  very  difficult, 
the  whole  party  being  sometimes  obliged  to  remain  in  the  water  all  day. 

The  deepest  parts  of  the  channel  on  the  more  level  parts  of  the  rapids  were  sounded 
fitTO  a  boat,  but  the  velocity  of  the  current,  and  the  rocky  character  of  the  bottom  in 
tbe  more  rapid  and  shoaler  i)ortions  of  the  river-bed,  rendered  the  operations  of  meas- 
inn^and  levelin^g  both  diflncult  and  dangerous. 
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duty  of  working  in  the  water,  notwithstanding  some  of  them  suffered  from  ind 
position  in  consequence  of  the  continued  exposure.  The  whole  party  performed  wk 
ever  duty  was  required  of  them,  without  regard  to  the  capacity  in  which  they  W( 
employed.  The  same  party  were  engaged,  when  necessary,  in  field-work  on  otl 
part«  of  the  river  where  work  was  in  progi-ess,  thus  saving  the  expense  of  anotl 
party  on  the  improvement*  below,  whose  services  would  not  be  constantly  required 

DESCRIPTION  OF  THE  RAPIDS. 

The  Enfield  Rapids  commence  at  a  point  about  sixteen  miles  above  Hartford,  Coi 
and  eight  miles  below  Springfield,  Mass.,  and  extend  down  the  river  to  about  op 
site  the  village  of  Windsor  Locks,  a  distance  of  5^  miles. 

At  a  distance  of  10,400  feet  1m?1ow  the  head  of  the  rapids  is  King's  Island,  5,200  ] 
in  length  and  1,650  feet  wide,  which  separates  the  stream  in  two  parts,  the  grej 
volume  of  water  passing  to  the  eastward  of  the  island.     The  banks  of  the  island 
of  rock,  and  its  westerly  side  is  a  rock-bluft',  showing  a  strata  dii>ping  to  the  north* 
at  an  angle  of  about  7°. 

The  bank  of  the  river  on  the  easterly  side,  from  the  head  of  the  rapids  down  ton 
the  upper  end  of  the  island,  is  steep,  and  partly  of  rock,  which  is  covered  ^ith  sai 
loam.  Just  above  the  island  the  shore  is  lower  and  sanely,  and  is  partially  overfloi 
in  high  freshets.  At  this  place  there  is  a  small  number  of  buildings,  as  shown  on 
map.  lielow  this,  extending  to  a  point  below  the  *New  Haven,  Hartford  and  Snri 
field  Railroad  bridge,  the  bank  is  again  steep  and  rocky,  after  which  it  grows  ilat 
and  is  subject  to  overflow  in  high  freshets. 

On  this  side,  at  the  lower  end  of  the  rapids,  is  the  village  of  Warehouse  Point,  a] 
of  whieh  along  the  shore  is  shown  on  the  map. 

Back  of  the  immediate  bank,  along  the  easterly  side,  the  ground  gradually  rises, 
streams  of  any  size  and  but  two  small  brooks  enter  the  river  upon  this  side. 

On  the  westerly  side  of  the  rapids  is  the  canal  of  the  Connecticut  River  Compi 
which  will  be  referred  to  hereafter.  The  t-ow-path  is  immediately  next  to  the  stre 
Beyond  the  canal,  for  nearly  the  whole  length,  to  below  the  railroad  bridge,  the  gro 
is  mostly  high  and  fonns  a  steep  slope,  in  which  the  canal  forms  a  side-hill  cut,  pa 
of  solid  n»ck. 

Below  the  railroad  bridge,  at  the  foot  of  the  rapids,  extending  for  little  more  t 
a  mile,  is  the  village  of  Windsor  Locks,  i)art  of  which,  along  the  river,  is  shown 
the  map. 

For  about  a  mile  along  the  tow-path  of  the  canal,  between  it  and  the  river,  are  w 
large  manufacturing  establishments,  which  use  the  water  from  the  canal  for  pc 
and  discharge  it  at  a  lower  level  into  the  river. 

The  track  of  the  New  Haven,  Hartford  and  Springfield  Railroad  passes  througL 
village  just  west  of  the  canal,  running  nearly  parallel  to  it,  and  crossing  both  it 
the  nver  by  one  bridge  above.     After  crossing  the  river  the  railroad  keeps  upon 
east  bank,  as  sho^vn  on  the  map. 

Between  the  ^^llage8  of  Warehouse  Point  and  Windsor  Locks  there  is  a  swing-fi 
near  section  9,  as  shown  on  the  map. 

The  bed  of  the  stream  is  rock,  and  also  the  banks  generally  above  the  island.     B< 
the  island  the  substratum  of  rock  on  the  banks  is  covered  with  sandy  loam  and  gn 
The  branch  of  the  river  to  the  westwanl  of  the  island  falls  niore  rapidly  at  it«  u 
end  than  the  main  channel,  and  is  consequently  at  low-water  some  5  feet  lower 
the  middle  of  the  island  than  the  surface  in  the  other  branch. 

Levels  taken  over  the  rapids  at  a  low  stage  of  water,  in  the  month  of  October 
give  the  total  fall  from  still  water  above  the  rapids  to  still  water  below  at  31.8. 

At  the  foot  of  the  rapids  the  very  lowest  water  deduced  from  levels  taken  at 
lowest  stage  during  the  past  summer,  which  was  an  extremely  dry  season,  and 
water  was  probably  as  low,  within  about  an  inch,  as  ever  occurs,  is  suppose<l  to  b 
feet  lower  than  the  levels  taken  in  October. 

Just  above  the  paitial  dtuu  at  the  head  of  the  rapids  the  water  may  perhaps  fi 
of  a  foot  below  the  height  when  leveled  over  in  October. 

Below  the  dam,  according  to  an  authentic  low-water  mark  as  the  lowest  ever  reac 
the  water  falls  1.4  feet  below  the  height  of  siu-face  when  leveled  over. 

At  intermediate  points  between  the  head  and  foot  ot  the  rapids  the  lowe«t  'w 
varies  fix)m  one  to  two-tenths  of  a  foot  to  1.4  feet  below  the  stage  when  leveled  < 

At  the  lowest  stages  of  the  river  the  water  tumbles  over  the  rocky  bed  in  su 
manner  that  the  surface  sometimes  falls  lat-erally  across  the  stream  1  or  2  feet,  so  ; 
render  it  difficult  to  get  the  relative  levels  of  the  lower  stages. 

From  the  foregoing  it  will  be  seen  that  at  the  extreme  low-water  we  should  ha 
fall  of  33  feet  fr*om  the  surface  of  the  water  above  the  dam  to  the  still  water  belo^ 
rapids. 

*  Now  the  New  York,  New  Haven  and  Hartford  Railroad. 
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irface  of  the  water  over  the  rapids  at  the  lowest  stage  leveled  over  is  formed 
triDcipal  inclines  or  slopes,  two  of  which  are  much  steeper  than  the  others, 
cing  at  the  upper  end  of  the  rapids  they  are  as  follows : 


DUtamoet. 

i  FalL 

Fall  per  mile. 

Feet 

4,800 

7,600 

8,800 

6,500 

Fe«L 
10.1 

1.7 
17.8 

2.2 

FuL 
ILll 

1.18 
10.68 

L7» 

it  slope  reaches  from  the  head  of  the  rapids  to  Enfield  bridge ;  the  next  to 
posite  the  middle  of  the  island,  in  the  east  branch ;  the  next  to  just  below  the 
Windsor  Locks,  and  the  last  to  the  foot  of  the  rapids. 

ler  0t4i^es  of  the  water  the  slope  becomes  more  uniform.  When  the  height  of 
Hartford  -was  10.S5  above  the  0  of  the  gauge  at  the  toll-bridge,  or  about  one- 
he  greatest  height  of  freshet,  the  slopes  on  the  rapids  were  as  follows : 


Dietanoes. 

FaU. 

Fall  per  mile. 

FuL 

4,800 
7.600 
6,800 
8,500 

FuL 
7.3 
4.3 

12.8 
L6 

FeeL 
8.03 
2.M 
8.94 
.90 

ighest  -water,  or  the  freshet  of  May,  1854,  which  was  the  greatest  freshet 
n  on  the  Connecticut  River,  the  slope  was  ascertained  by  levels  over  the 
he  height  of  that  flood,  which  have  been  preserved  by  dioerent  persons,  to 


Distances. 

FalL 

Fan  per  mfle. 

FuL 

9.400 

10,300 

8,000 

FuL 
&9 

a7 

0.0 

Fe€L 
&00 
4.46 
0.00 

ch  ealled  level  is  averaged  through  eleven  different  flood-marks  of  the  freshet 
lat  were  leveled  over,  none  of  which  were  more  than  .6  of  a  foot  from  the 


me. 


rh-freshet  lines  of  the  years  1854,  1857,  and  1869,  of  which  the  levels  were 
this  part  of  the  river,  all  seem  to  make  the  surface  over  the  lower  part  of  the 
«  instead  of  falL  The  slope  must  be  exceedingly  small,  and  the  uncertainty 
oont  at  extreme  high-water  is  such  that  a  level  is  assumed  as  being  practi- 
suriace-line  for  a  mstance  of  8,000  feet. 

the  rapids  the  slope  of  the  river  at  extreme  low- water  to  Scantic  Bar  is  1.7 
r  miles,  or  .49  foot  to  a  mile.  The  high-water  slope  is  between  the  same  points 
K>t,  or  .17  foot  to  a  mile. 

icantic  Bar  to  Hartford,  a  distance  of  7^ joules,  the  extreme  low-water  slope  is 
nr  ft  foot  to  a  mile.  The  high- water  slope  between  the  same  points  is  2.4  feet, 
»t  to  a  mile. 

are  two  bridges  over  the  rapids,  one  at  Enfield,  4,800  feet  below  the  head  of 
Is,  with  six  spans  of  124  to  176  feet,  and  rectangular  piers  of  rubble  masonry 
[oality,  with  a  flat  slope  up  stream  originally  covered  with  a  plank  as  a  pro- 
gainst  Ice.  The  bridge  is  a  wooden  lattice,  continuous  over  the  piers,  and  is 
ble-down  and  unsafe  condition,  being  in  some  places  very  badly  strained  and 

The  whole  is  covered  with  sheathing  to  protect  it  from  the  weather.    The 
f  the  bridge  is  9.2  feet  above  the  tow-path  of  the  canal. 
tier  bridge,  situated  12,200  feet  farther  down,  is  that  of  the  New  Haven,  Hart- 
Sprin^^ld  Railroad.    It  is  a  fine  iron  bridge  of  recent  construction,  with 

piers,  and  spans  as  follows : 
)  feet,  over  tne  canal. 
feetf  over  the  tow-path. 
feet,  called  the  draw-span. 
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12  of  88^  feet,  over  the  river. 

1  of  177  feet,  over  the  channel. 

1  of  2S^  feet,  over  a  roadway  at  the  east  end. 

At  the  head  of  the  rapids  is  a  dam  about  3  feet  high,  extending  nearly  acron  i 
river,  with  an  opening  near  the  middle  of  150  feet,  which  wafl  originally  left  for 
passage  of  boats  and  rafts.    The  ends  of  the  dam  are  higher  than  near  the  middle. 

The  opening  was  passable  for  boats  some  twelve  or  fifteen  years  ago,  but  since  t 
time  has  been  gradually  filled  up  year  after  year  with  stone  thrown  in  by  the  Com 
ticut  River  Company,  until  it  is  now  impassable,  the  water  being  only  about  Hi 
deep  where  it  passes  through  the  dam. 

THE  CONNECTICUT  RITER  COMPANY. 

The  Connecticut  River  Company  have  a  canal  around  the  rapids,  commencing  at 
dam  above  mentioned  and  following  the  west  bank  of  the  river  about  5^^  miles  to . 
below  the  village  of  Windsor  Locks.  This  canal  is  constructed  on  the  river-bank,* 
side  of  the  natural  bed  of  the  stream,  by  cutting  into  the  side-hill  and  forming 
embankment  upon  which  is  the  tow-path.  The  depth  varies  fix)m  4^  to  12  feet, 
the  width  from  44  to  160  feet.  Above  the  village  of  Windsor  Locks  it  is  mostly  oj 
average  width  of  about  80  feet,  and  through  the  ^illage  it  will  average  about  55 
in  width. 

At  the  upi>er  end  of  the  canal  is  a  guard-lock  19.4  feet  wide,  and  91  feet  long  bet^ 
the  quoins,  for  the  purpose  of  admitting  boats  at  high-water,  and  also  gates  to  n 
late  the  flow  of  water  into  the  canaL 

At  a  distance  of  250  feet  below  Enfield  bridge  crossing  there  is  a  set  of  stop-^ 
by  which  the  water  above  them  can  be  raised  nve  feet  to  equalize  the  pressure  m 
and  out,  and  render  the  embankment  more  secure  in  times  of  high  fresneta. 

Opposite  King*s  Island  the  canal  crosses  over  Stony  Brook  by  means  of  an  aqued 
This  has  a  width  of  79.2  feet,  and  a  depth  of  5  feet. 

At  the  lower  end  of  the  canal  there  are  three  lift-locks,  of  19  feet  width,  and  90 
long  between  quoins.  These  locks  were  jKRirly  constructed,  and  are  at  the  pre 
time  in  bad  condition.  The  middle  one  has  the  sides  pressed  inward  so  as  to  mea 
but  18.4  feet  in  one  place. 

Through  the  village  of  Windsor  Locks  the  water  used  for  manufacturing  pur| 
now  furnishes  the  company  its  principal  revenue.  The  manufacturing  estabhshm 
are  on  the  tow-path  side  of  the  canal,  which  is  here  crowded  by  the  railroad  and  ] 
cipal  streets  of  the  village,  so  as  to  be  in  one  place  but  44  feet  wide. 

The  Connecticut  River  Company  was  chartered  in  May,  1824,  by  the  State  of  • 
necticut,  with  the  following  powers,  among  others : 

^'That  the  said  corporation,  for  the  purpose  of  widening  the  channel  of  said  rj 
and  deepening  the  same,  shall  have  power  to  dig,  cleanse,  and  remove  obstmcl 
from  the  channels  and  bars  of  said  river,  from  and  above  the  bridge  at  Hartfor 
Springfield,  and  to  erect  and  build  wharves  and  piers  and  hedges  in  said  river,  ( 
the  banks  thereof;  and  the  said  corporation  are  empowered  to  lock  the  falls  at  Enl 
on  said  river,  and  to  make  channels  to  aid  them,  and  to  construct  a  canal  on  ei 
bank  of  said  river  near  said  falls,  and  to  construct  a  dam  or  dams  for  the  purpo 
entering  or  leaving  the  locks  in  still  water ;  provided  the  extension  and  form  thi 
shall  be  such  as  shall  not  prevent  the  convenient  passage  of  boats  and  lumber  ^ 
the  river,  nor  obstruct  the  passage  of  fish." 

The  act  also  provides  for  a  board  of  three  sworn  commissioners,  "  under  whose  d 
tions  the  necessary  canal  shall  be  laid  out,  and  who  shall  inspect  the  constructii 
the  locks  and  dams  in  said  river,  and  cause  them  to  be  so  constructed  as  they  shal 
impede  the  progress  of  fish  up  the  river,  or  the  passage  of  floating  boats,  timber,  05 
other  property  down  the  river." 

All  the  ordinary  and  necessary  powers  were  given  to  the  company  in  the  act, 
the  commissioners  were  given  power  to  inspect  the  locks,  canals,  &c.,  and  when  o 
repair  or  improperly  tended,  to  direct  that  no  toU  be  taken  until  a  certificate  si 
be  given  by  them  tSiat  all  necessary  repairs  were  made  and  suitable  lock-tenden 
ployed. 

The  tolls  allowed  by  this  act  were  50  cents  per  ton  of  loading  for  ascending  h 
and  17  c^nts  per  ton  for  all  descending  boats  and  rafts;  empty  boats  passing  thr 
the  locks,  |1. 

Vacancies  in  the  board  of  commissioners  were  to  be  filled  by  the  governor,  wit) 
consent  of  the  senate. 

An  addition  and  amendment,  passed  in  May,  1825,  recites  that  'Hhe  capital  sto 
said  company  may  be  expended  between  Hartford  and  the  north  line  of  this  Sta 
Lon^  Meadow,  and  West  Springfield,  in  the  State  of  Massachusetts,  and  also  t< 
proving  the  navigation  above  this  State  toward  the  sources  of  Connecticut  Rivei 
toward  the  Lake  Memphremagog,  in  the  State  of  Vermont,  so  far  as  shall  be  de< 
practical  and  expedient,  lawfiu  authority  for  so  doing  being  had  and  obtained ;  ai 
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may  pnreliase,  repair,  constract,  and  hold  such  works  as  shall  be  deemed  neces- 
lerfect  and  complete  said  navigation." 

,me  act  provides:  "The  stockholders  of  the  Connecticat  River  Company,  their 
■a,  successorSf  and  assij^s,  are  hereby  incorporated  and  made  a  bo<ly  politic, 
ion  in  law,  by  the  name  of  The  Connecticut  River  Banking  Company,"  <&c., 
lem  powers  necessary  for  the  business  of  a  banking  company.  The  Connecti- 
r  Company  were  authorized  to  organize  the  Connecticut  River  Banking  Com- 
en  they  had  actually  expended  the  sum  of  ^M)0,000,  and  obtained  the  certiti- 
le  comiiussioners  to  that  effect. 

r,  1^8,  an  alteration  of  the  charter  was  passed,  authorizing  the  formation  of 
lecticut  River  Banking  Company  when  ^100, 000  had  been  expended,  and  pro- 
lat  the  powers  of  the  said  banking  company  shall  cease  unless  a  good  and 
e  canal  and  locks  by  £nfield  Falls  shall  be  completed  by  the  Connecticut  River 
r  within  two  years  from  the  rising  of  the  assembly. 

%  1829,  a  resolve  of  the  assembly  authorized  the' Connecticut  River  Banking 
'  to  subscribe  to  the  stock  of  the  Connecticut  River  Company  to  the  amount 
>,  and  ako  extended  the  time  for  the  completion  of  the  locks  and  canal  around 
^Us  to  two  years  from  the  rising  of  that  assembly. 

',  1825,  the  general  assembly  of  the  State  of  Vermont  passed  an  act,  to  take 
en  assented  to  and  confirmed  by  the  States  of  Massachusetts,  Connecticut,  and 
apshire,  incorporating,  under  certain  restrictions.  The  Connecticut  River  Corn- 
ring  them  various  powers;  among  others  to  purchase  land,  and  to  enter  into, 
,  and  possess  so  much  of  the  banks  and  waters  of  said  river,  and  the  lands 
thereto,  as  shall  be  necessary  for  effecting  in  the  beat  manner  the  objects  of 
and  may  dig,  cleanse,  and  remove  obstructions  from  the  banks,  channels,  bars, 
ds  of  said  river;  may  construct  dams,  canals,  locks,  towing-paths,  ana  rail- 
lere  it  shall  be  deemed,  expedient,  and  other  works  beneficial  to  navigation, 
rt  also  gave  the  company  power  to  purchase  the  franchises  of  other  corj>ora- 
the  improvement  oi  the  navigation  of  the  Connecticut  River,  when  the  pro- 
>f  one-half  the  stock  should  agree  to  sell. 

also  enacted  that,  as  soon  as  said  company  shall  have  constructed  suitable 
renient  locks  and  canals,  so  as  to  permit  the  passage  of  boats  of  66  feet  long 
et  broad,  at  or  near  the  following  places,  viz :  By  Enfield  Falls,  in  the  State 
cticnt ;  near  the  north  part  of  Hatheld  or  Hadley,  in  the  State  of  Massachu- 
School  Meadow  Bar,  in  the  States  of  New  Hampshire  or  Vermont,  viz,  near 
Rocks^  in  Hinsdale  or  Vernon ;  in  Hinsdale  or  Brattleborough,  near  the  bridge 
»nnecticut  River;  in  Westmoreland  or  Putney,  near  Clay's  Island;  in  Charles- 
5pring:field,  near  GilPs  Island;  in  Cornish  or  Windsor,  near  Chase's  Island;  in 
r  Fairloe,  near  Flaglsland ;  in  Haverhill  or  Newbury,  near  Johnson's  Rocks ; 
near  the  mouth  of  Wells  River,  in  Bath  or  Ryejjate,  near  Dodge's  Falls ;  and 
r  the  said  company  shall  have  acquired  the  right  to  the  locks,  canals,  and 
r  improving  the  navigation  of  Soutn  Hadley  Falls  and  Miller's  Falls,  both  in 
e  of  Massachusetts;  at  Bellows  Falls,  in  New  Hampshire  and  Vermont;  at 
(ueechy  Falls  and  at  White  River  Falls,  they  may  demand  and  receive  tolls 
iceed  a  list  given.  The  rates  for  Eufield  Falls  were  50  cents  per  ton  for  each 
g  boat,  and  $2  for  each  descending  boat.  The  company  were  required  by  this 
aintain  a  depth  of  at  least  3  feet  in  the  canals  and  in  the  river  below  to  the 
lal,  and  below  the  Enfield  Falls  Canal  to  the  city  of  Hartford;  '^aud  if  the 
th  shall  not  continue  without  interruption  between  Enfield  Falls  and  the  city 
>rd,  the  commissioners  may  reduce  or  prohibit  the  taking  of  tolls."  This  act 
&rmed  by  the  State  of  Connecticut,  November  9,  1825,  with  the  limitation, 
thers,  that  nothing  in  it  should  authorize  the  company  to  erect  or  construct 
cs  which  should  in  any  way  obstruct  or  impede  the  free  navigation  of  the  Con- 
RiTer. 

present  time  the  amount  of  the  capital  stock  of  the  Connecticut  River  Com- 
803,500,  and  its  present  value  is  about  50  cents  on  a  dollar,  or  f  101,750. 
lis  now  collected  are  15  cents  per  ton  for  ascending  boats,  and  f  2,  empty,  for 
ng  boats;  amonnting  to  about  |1,200  a  year.    The  amount  received  by  the 
for  water-rents  is  about  $15,000  a  year. 

THE   RIVT2R  BELOW   THE   RAPIDS. 

T  to  properly  consider  the  nature  of  the  improvement  required,  it  is  necessary 
the  character  of  the  river  and  the  facilities  for  navigation  above  and  below 
s  at  the  present  time. 

:be  mouth  of  the  river  to  Hartford,  a  distance  of  49  miles,  the  channel  is 
•  for  boats  of  8  feet  draught  at  the  lowest  stages  of  the  water.  This  is  about 
■e  than  the  river  in  it-s  natural  state  at  all  time«  permits.  The  channel  has 
?rialiv  deepened,  and  widened  by  the  dredging  done  by  the  United  States 
at  during  the  paat  two  seasons. 
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The  naTigation,  as  far  np  as  Hartford,  is  favored  by  the  tides,  which  average  about 
10  inches  in  height  at  that  place.  This  rise  of  tides  is  in  addition  to  the  depths  giyen 
a)x>ve,  so  that  uoats  drawing  from  7^  to  8  feet  have  been  for  many  years  used  npon 
this  part  of  the  river.  The  tides  at  Hartfonl,  however,  are  not  regular,  varying;  from 
nothing  to  about  18  inches.  Between  Hartford  and  the  foot  of  the  rapids,  a  distanee 
of  about  11  miles,  the  channel  is  now  in  a  bad  condition,  owing  to  bars,  upon  vhich 
there  is  only  from  1|  to  2  feet  in  the  deepest  part  at  the  lowest  water.  The  channel 
is  also  in  many  places  narrow  and  crooked.  Works  are  now  in  progress  by  the  United 
States  Government  which,  it  is  hoped,  will  deepen  the  water  on  the  bars  to  3^  or  4 
feet  at  low- water. 

Owing  to  the  increased  slope  of  the  river-bed,  the  tides  rapidly  diminish  above  Hart- 
ford ;  ordinarily,  they  are  not  noticeable  at  Scantic,  7^  miles  above  Hartford ;  but  an 
exceedingly  high  tide,  at  a  low  stage  of  the  river,  is  sometimes  sensible  as  far  up  as 
the  foot  of  the  rapids. 

There  are  two  bridges  below  the  rapids,  at  Hartford*  One  is  the  bridge  of  the  Hart-  - 
ford.  Providence  and  Fishkill  Railroad,  where  it  crosses  the  Connecticut ;  a  wooden  - 
Howe  truss,  npon  cut-^tone  piers,  in  a  good  state  of  repair.  The  other  is  the  highway 
bridge  from  Hartford  to  East  Hartford,  an  old,  dilapidated  affair,  in  which  the  sobiie*  - 
quent  additions  barely  hold  up  the  original  structure.  Both  of  these  bridges  are  pro- 
vided with  draws;  that  in  the  railroad  bridge  has  an  opening  of  47  feet,  and  that  in  . 
the  highway  bridge  an  opening  of  17  feet.* 

THE  RIVBR  ABOTE  THE  BAPn>8. 

Above  the  rapids  the  water  is  stiU  and  level,  and  good  navigation  to  the  village  of 
Holyoke.  There  is  one  bar  at  Long  Meadow  Flats,  upon  which  there  is  about  5  feet 
at  low-water. 

From  the  points  named  in  the  charier  of  the  Connecticut  River  Company  by  the 
State  of  Vermont,  it  will  be  observed  that  it  was  contemplated  to  preserve  a  naviga- 
tion of  a  minimum  depth  of  3  feet  as  far  up  as  Wells  River,  or  about  240  miles.  All 
navigation,  however^  is  now  stopped  above  Holyoke.  There  was  formerly  a  canal  on 
the  east  side  of  the  nver  at  this  place,  extending  around  South  Hadley  Fall^  but  it  is 
now  entirely  given  up,  and  used  only  as  a  tail-race  for  the  mills  at  its  side. 

The  Holyoke  Water  Power  Company,  who  built  the  present  dam,  have  contemplated 
a  new  canal  on  the  west  side,  in  connection  with  their  water-power,  by  which  to  pa» 
boats  around  the  falls.  Their  dam  and  canals  are  excellent,  but  the  lock  which  tliey 
have  put  in  to  descend  to  the  first  level  is  much  too  small,  being  but  16  by  80  feet 
At  this  place  the  whole  faU  is  58  feet.  The  first  level  is  20  feet  below  the  oam ;  the 
next  level  12  feet  lower,  leaving  26  feet  to  the  still  water  below  the  falls.  There  is 
nothing  to  prevent  a  good  canal  being  made  at  this  place,  as  the  lock  already  built 
can  be  enlarged  without  materially  interfering  with  the  water-power,  and  communi- 
cation can  be  easily  made  from  the  canals  to  tne  river  below  the  falls. 

Between  the  head  of  the  Enfield  Rapids  and  Holyoke  there  is  nothing  less  than  5 
feet  depth  of  water  in  the  channel. 

There  are  four  bridges  on  this  part  of  the  river — ^two  at  Springfield  and  two  above, 
none  of  which  are  provided  witn  draws.  They  are,  however,  of  such  a  height  as  to 
allow  small  steamboats  to  pass  under  them. 

The  canal  at  South  Hadley  Falls  (Holyolro),  and  the  one  at  Montagne,  above,  were 
first  chartered  February  23,  1792.  The  oimensions  of  the  locks  were  to  have  been  20  by 
60  feet,  but  they  were  afterward  permitted  to  be  built  16  by  40  feet  by  an  act  of  June 
21, 1793.  The  charters  of  the  two  canals  were  separated  Februanr  27, 1794.  The  South 
Hadley  Canal  was  first  finished  :  it  was  2^  miles  long,  much  of  it  through  solid  rock. 
At  first  the  boats  were  hauled  up  an  inclined  plane  by  large  water-wheels, 
but  the  bed  of  the  canal  was  afterwanl  deepened  and  locks  were  used.  The  lowering 
of  the  bed  of  the  canal  was  completed  at  the  commencement  of  the  year  1805. 

The  canal  at  Montagne  was  commenced  in  1794,  and  completed  four  years  afterward, 
in  1798.  It  was  3  miles  in  length,  and  reached  from  above  Turner's  Falls  to  the  still 
water  below.  This  canal  was  used  for  the  transportation  of  merchandise  for  about 
fifty  years,  until  the  Connecticut  River  Railroad  was  finished,  in  1848,  when,  from  the 
railroad  competition  and  its  insuflicient  size,  it  was  abandoned.  It  can  now  scarcely 
be  traced,  having  been  nearly  obliterated  by  more  modem  improvement*. 

A  new  dam  has  been  built  by  the  Turner's  Falls  Company,  and  no  provision  made 
for  water  transportation. 

—  -'     — ■ -  -       -  —  -  .  I      — I 

*  There  are  at  present  two  bridges  below  Hartford,  one  where  the  New  Haven,  Mid- 
dletown  and  WilHmantic  Railroad  crosses  the  river  at  Middletown,  and  the  other  where 
the  Shore  Line  Railroad  crosses  at  Lyme.  The  first  named  is  an  iron  bridge  with  a 
double  swing-draw  of  ample  width,  and  the  second  is  a  wooden  truss-bridge  with  an 
iron  swing-c&aw  of  about  the  same  opening  as  that  at  Middletown. 
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TH£  AMOUNT  OF  BUSINESS  OX  THE  RIVER. 

With  resr&itl  to  the  amount  of  bnsiness  on  the  river,  no  general  estimate  has  l>een 
nunAe  of  the  total  amount  of  freight  and  tonnage  since  1867,  when  one  was  compiled, 
ekietiy  from  the  evidence  given  before  a  committ€?e  of  the  legislature  upon  the  ques- 
fcion  of  bridging  the  Connecticut  River  below  Hartford.  As  this  is  quite  reliable,  it  is 
prea  as  the  beat  means  of  computing  the  present  amount  of  transportation.  In  1866 
the  amount  of  freight  upon  the  river  was  as  follows: 

TOB«. 

Steamboats  to  and  from  Hartford *. 74,600 

Freights  to  Hartford  by  propellers,  &c 201,600 

Down  freight  by  the  same * ^ 16,000 

Total  Hftitfoid  freight 29*2,200 

FVeight  between  Hartford  and  Middletowu 24,000 

Freight  from  PortUnd 220,000 

Fmght  at  places  below  Middletown 79,512 

Total 615,712 

la  18^  it  was  569,000  tons.  Allowing  40,000  per  year  increase,  we  should  have  for 
tile  year  1871  nearly  816,000  tons  of  freight  passmg  on  the  river. 

The  amount  received  for  freight  in  186iS  was  $1,2^0,000.  At  the  same  rate  of  increase 
u  kx  freight  above  stated  in  1871,  it  would  be  about  |1,800,000. 

to  1986  the  number  of  passengers  to  and  from  New  York  by  steamboat  was  ...      26, 211 

Way  passengers  on  the  river 27,208 

By  Sag  Harbor  steamboats 10,000 

63,419 

The  total  amount  received  from  passengers  by  the  steamboat  company  was. . .  $125, 550 
By  Sag  Harbor  boat,  about 8,000 


m^ 


Tdtal $133,550 

■    ■         * 
The  number  of  trips  to  and  from  New  York  and  Hartford  by  the  steamboat 

company's  boats  was 1,117 

l^rthe  Sag  Harbor  boats 208 

By  sailing-vessels  and  propellers ^ 1,836 

Total  number  of  trips * 3,161 

Dormg  the  past  season  there  have  been  upon  the  river  five  large  steamboats,  form- 
iiig  two  daily  lines  to  New  York,  and  three  smaller  ones ;  one  making  daily  trips  to 
Kew  London  and  Sag  Harbor,  and  another  making  two  trips  a  day  on  the  river  be- 
tween Hartford  and  Essex.  There  is,  also,  a  line  of  propellers  running  to  Albany,  and 
ace  to  Philadelphia. 

The  Tirer  remains  open  for  navigation  an  average  of  nine  and  a  quaiter  months  in 
eaeh  year.  It  closes  about  the  8th  of  December,  and  opens  about  the  1st  of  March. 
For  sailing-vessels  the  time  is  about  eight  and  a  iialf  mouths. 

With  regard  to  the  business  above  Hartford  no  definite  estimate  can  be  made  of 
whit  would  probably  pass  by  water  communication  instead  of  by  railroad,  if  the  river 
wei*  navigable  to  Holyoke  by  the  proposed  improvements. 

From  the  size  and  x>opulation  of  Springfield,  Chicopee.  and  Holyoke,  with  the  great 
▼ater-power  and  prospe^itive  growth  of  the  latter,  it  is  out  fair  to  presume  that  the 
»*t*r  transportation  at>ove  Hartford  would  be  considerable,  and  that  all  heavy  freight. 
«ch  as  iron,  coal,  stone,  bricks,  lumber,  &c.,  would  be  carried  by  water  direct,  instead 
of  being  transhipped  by  railr«)aa  to  the  points  named.  The  actual  amount  of  the  above 
Balerials  used  has  not  been  ascertained. 

AMOUXT  gP  BEVEXUK  IN  THE  DISTRICT. 

TTie  amonnt  of  revenue  collected  at  the  Middletown  custom-house  during  the  year 
'wiing  June  30,  1871,  was  $13,664.79.  On  Jime  30,  1871,  there  were  registered  in  the 
iirtrict  150  vessels,  with  an  aggregate  tonnage  of  18,^.37  tons.  During  the  year 
tfeere  were  built  and  employed  m  the  district  14  vessels,  with  a  tonnage  of  1,964.55 

km, 

IMPROVEMENTS  OP  THE  RAPIDS. 

hvnnfdng  plans  for  improvement  of  the  Enfield  Ranirls,  the  question  arises  whether 
^rpiao  ahocua  be  considered  which  would  entirely  close  the  navigation  through  the 
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ordinarj'  channel  of  tho  river.  The  charter  of  the  Connecticut  River  Company,  and 
the  concurrence  by  the  Connecticut  legislature  in  the  act  passed  by  the  State  of  Ver- 
mont in  1825,  incorporating  the  Connecticut  River  Company,  expressly  state  that  noth- 
ing shall  be  coustnied  to  empower  said  company  to  build  a  dam  at  Enfield  Falls  in  such 
a  manner  as  shall  prevent  the  convenient  passage  of  boats  and  lumber  down  the  riyer 
or  obstruct  the  passage  of  fish. 

Notwithstanding  these  provisions,  the  Connecticut  River  Company  have  constructed 

I  a  dam  across  the  river  at  the  head  of  the  falls,  which  is  at  present  impassable  for  any 

purpose  of  navigation.    The  opening  of  150  feet  ori^nally  left  in  the  dam  has  been 

gradually  filled  m  V)y  the  company,  until  now  there  is  an  effectual  bar  to  navigation, 

unless  it  be  in  very  nigh  water,  when  boats  might  descend. 

The  channel  of  the  river  is  now  of  so  little  use  that  there  seems  to  be  little  orno 
objection  to  constructing  dams  so  as  to  wholly  cut  off  the  out>side  navigation  in  the 
natural  channel,  if  the  improvement  proposed  should  furnish  adequate  facilities  for 
the  passage  of  anything  that  might  have  occasion  to  pass  the  dam.  In  the  plans  of 
improvement  proj)osed,  therefore,  entire  dams  across  the  river  will  be  considered. 

With  regard  to  the  interference  of  the  franchise  of  the  Connecticut  River  Company 
with  any  plan  of  improvement,  it  is  assumed  that,  unless  their  property  is  actnally 
taken  or  their  water-power  interfered  with,  no  damage  will  be  done  to  them  by  with- 
drawing the  navigation  from  their  canal,  nor  is  it  supposed  they  would  exi)ect  or  de- 
mand any  compensation.  The  canal  at  present  is  tof.olly  inadequate  to  pass  such  boats 
as  would  undoubtedly  be  used  if  they  could  get  up  the  river,  and  the  water  transpor-  • 
tation  has  consequently  diminished  to  such  an  extent  through  their  small  lockH  that 
the  company  will  probably  prefer  to  give  it  up  altogether,  and  use  their  canal  entirely 
for  manufacturing  purjioses,  if  the  government  should  otherwise  improve  the  nariga-  • 
tion  over  the  rapids. 

THE  DIFFERENT  PLANS  PROPOSED. 

The  plans  which  will  be  considered  for  improving  navigation  over  these  rapids  are 

First.  A  canal  on  the  west  side  of  the  river,  extending  fi'om  the  present  dam  at  the 
head  of  the  rapids,  parallel  to  the  old  canal,  down  to  a  point  just  above  the  village  of 
Windsor  Locks,  and  a  channel  to  the  deep  water  below,  formed  by  excavatin  the 
bed  of  the  river. 

Second.  A  canal  on  the  east  side  of  tlie  river  from  the  dam  above  to  the  deep  water 
below  the  rapids. 

Third.  Damming  the  river  at  the  island,  or  a  little  below  it,  and  continuing  with  a 
canal  below  upon  the  east  side  of  the  river. 

Fourth.  Damming  the  river  at  a  point  near  Enfield  bridge,  and  locking  to  the  river 
below,  damming  it  again  just  below  the  railroad  bridge,  near  Windsor  Locks,  and 
continuing  with  the  canal  to  the  foot  of  the  rapids. 

Fifth.  Iniproving  the  old  canal  so  as  to  be  navigable  for  boats  of  increased  size. 

THE  FIRST  PLAN. 

In  the  first  i)lan  it  is  proposed  to  make  a  canal  150  feet  wide,  parallel  to  and  just 
outside  the  old  canal,  except  opposite  the  island,  where  it  widens  out  into  a  basin,  with 
locks  200  feet  long  !)etween  the  quoins  and  50  feet  wide.  At  the  head  of  the  canal  a 
guard-lock  would  be  required  of  the  above  dimensions  and  12  feet  lift ;  also  a  bulk- 
nead  of  ma8f)nry,  with  gates  for  regulating  the  supx^ly  of  water  to  the  canal. 

An  embankment  of  10  feet  width  on  the  top  and  slopes  of  l^  horizontal  to  1  vertical 
w411  be  required  from  the  guard-lock  at  the  head  of  the  canal  down  to  the  upper  end 
of  the  island.  The  to])  of  this  is  intended  to  be  at  a  level  of  2  feet  above  the  fteshet 
of  1854,  which  is  the  highest  known.  This  embankment  is  to  have  a  riprap  of  rock  2 
feet  in  thickness  upon  its  outer  slope,  and  1^  feet  in  thickness  upon  the  top  and  inside 
8loi)e.  The  width  of  the  canal  is  limited  in  this  part  of  the  river  to  150  feet,  so  as  not 
to  encroach  too  much  upon  the  bed  of  the  stream,  and  thereby  materially  diminish  the 
water-way,  which  is  already  somewhat  contracted. 

West  of  the  island  the  whole  of  that  branch  of  the  river  is  taken  into  the  canal,  the 
island  forming  the  embankment  for  about  one  mile  in  length,  and  inclosing  a  basin  of 
about  600  fe(»t  in  width.  At  the  foot  of  this  ba^in,  near  section  25,  shown  on  (be  ac- 
companying map,  would  be  the  first  lock,  having  an  I^-foot  lift. 

Opposite  the  island  a  small  stream,  called  Stony  Brook,  enters  the  river,  passing 
under  the  old  canal.  Upon  this  stream,  about  1,000  feet  fix)m  the  river,  is  a  water- 
power  of  28  feet  fall,  having  the  top  of  the  dam  16.5  feet  above  the  proposed  level  of 
the  canal-basin.  The  water  would  have  to  be  turned  into  the  canal,  as  there  seems  to 
be  no  economical  manner  of  disposing  of  it  otherwise.  The  water-power  would  be 
damaged  by  reducing  the  fall  to  16.5  feet.  The  volume  of  water  discharged  by  this 
stream  during  the  greatest  freshet  is  about  4,000  cubic  feet  per  second,  but  only  for  a 
very  short,  period  of  time.  At  ordinary  stages  the  discharge  is,  perhax^s,  not  over  100 
cubic  feet  per  second. 
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ection  2&  a  dam  will  cross  the  westerly  channel  between  the  island  and  the 
path.  At  the  west  end  of  this  dam  it  is  proposed  to  place  the  first  lock,  while 
of  the  dam  will  serve  as  a  waste-way  to  dispose  of  the  suq)lns  water  coming 
canal  from  Stony  Brook  during  freshets.    The  width  of  this  weir  would  be 

0  feet,  and  it  is  believed,  from  inquiries  and  observation,  that  the  water  run- 
» the  reach  would  never  amount  to  more  than  H  ^^^^  in  depth  over  the  dam ; 
!  area  of  the  surface  of  the  reach  equalizing  the  sudden  rush  of  water  from 
lowers. 

«xt  lock  woald  be  about  a  mile  below,  near  section  15  on  the  map ;  near  this 
lid  also  be  a  small  waste-woir.     This  lock  would  be  of  similar  size  and  con- 
i  to  the  one  above,  and  of  the  same  lift. 
ird  and  last  lock  would  be  situated  just  above  the  manufacturing  establish- 

1  the  old  canal-bank  in  the  village  of  Windsor  Locks,  near  the  present  waste- 
:he  old  canal.  It  would  be  like  the  others,  and  of  the  same  lift  of  II  feet. 
abankment  from  the  island  down  to  this  lock  it  is  proposed  in  the  estimate 
of  the  same  height  as  the  one  above,  or  2  feet  above  the  highest  water.  This 
Dent  between  the  last  two  locks  might,  however,  be  dropped  down  to  a  lower 
ieasen  the  cost,  but  it  would  not  give  so  plain  an  entrance  into  the  canal  when 
r  lock  was  flooded. 

the  last  lock  it  is  proposed  to  excavate  a  channel  in  the  bed  of  the  river  for 
]00  feet  in  length  and  150  feet  wide,  to  a  depth  of  5  feet  at  extreme  low-water, 
6^  feet  at  an  ordinary  low  stage  of  the  river.  This  channel  will  lie  in  such  a 
I  that  it  can  be  easily  followed. 

ck  excavated  can  be  used  partly  for  the  embankment  above  and  partly  thrown 
»e  side  towud  the  river,  to  check  the  lateral  flow  of  wat^r  into  the  channel, 
he  surface  of  the  water  within  it  will  have  a  less  slope  than  the  surface  of  the 
Lt  low- water  the  slope  of  this  part  of  the  river  is  2  feet  to  the  mile,  which  di- 
t  as  the  height  increases,  so  that,  at  6  feet  of  water,  the  slope  is  1  foot  to  the 
1  at  high  freshets  it  is  practically  level. 

I  canal  it  is  proposed  to  make  the  depth  on  the  miter-sills  of  the  locks  6  feet, 
ed  of  the  canal  there  will  be  no  depth  less  than  8  feet. 

-path  must  be  excavated  on  the  west  side  of  the  island,  along  the  side  of  the 
I  it  is  considered  desirable  to  have  a  continuous  tow-path  on  the  embankment 
he  cauaL     It  is  included  in  the  estimate  for  this  plan. 

two  lower  reaches  there  will  be  some  excavation  required  to  get  a  depth  of  8 
he  bed  of  the  canal,  but  the  amount  is  small,  and  will  be  more  than  required 
ailmnkuent,  which  is  in  excess.  The  cost  of  making  the  canal  8  feet  deep  is 
;er  than  for  a  less  depth.  This  canal  would  pass  under  £nfield  bridge,  leaving 
kbove  the  surface,  and  under  the  railroad-bridge,  leaving  about  29  feet. 
are  no  draws  in  these  bridges,  but  the  railroad-bridge  has  what  is  called  a 
fpan,"  under  which  the  canal  would  pass.  The  charter  of  the  company  obliges 
nave  a  draw,  but  the  navigation  of  the  river  outside  the  old  caual  has  never 
ed  them  to  comply  with  it.  If  the  new  canal  should  be  constructed,  they 
•robably  put  a  draw  at  this  place.  A  road-bridge  will  be  required  at  the  lower 
>r  the  canal,  and  a  bridge  over  the  top  of  the  waste-dam  at  the  upper  lock. 
gth  of  this  improvement  would  be  4.85  miles. 

THE  SECOND  PLAN. 

Mond  plan,  of  a  canal  on  the  east  side  of  the  river,  would  lose  the  advantage  of 
ne  mile  of  embankment,  which  is  formed  by  the  island  in  the  proi)osed  canal 
rest  side,  but  it  could  he  continued  lower  down  the  river  entirely  to  the  foot  of 
ds  without  interfering  with  the  use  of  the  old  canal  for  manufacturing  pur- 
nd  thus  dispense  with  the  large  amount  of  excavation  in  the  bed  of  the  river. 
tnmed  into  the  river  as  high  up  as  would  be  required  on  the  west  side,  it  pre- 
fldvantage,  as  the  natural  channel  of  the  river  is  upon  the  east  side,  and  might 
without  any  excavation,  but  it js  considered  too  shallow  and  intricate  for  good 
Ion.  In  this  plan  the  guard-lock  and  bulkhead,  with  entrance-gates  for  the 
ronld  be  the  same  as  by  the  first  plan.  From  the  head  of  the  canal  the  embank- 
mld  be  mostly  in  the  river  down  to  section  40 ;  the  canal  would  then  pass  out 
m1  of  the  river,  and  cut  into  the  bank  down  to  section  31.  It  then  again  runs 
rer  to  section  25,  after  which  it  cuts  into  the  bank,  passing  under  the  railroad 
of  the  present  bridge,  and  continuing  back  of  the  river-bank  to  section  4, 
aatera  the  channel.  There  will  be  some  rock-cutting  to  form  a  channel  above 
IT  JBnfield  I>am,  and  also  below  the  canal  near  section  4. 
irlfl  be  three  lift-locks  of  the  same  dimensions  as  before  named,  viz,  50  by  200 
w  the  railroad-bridge ;  the  first  near  section  20,  the  second  near  section  7, 
bird  near  section  4  at  the  end  of  the  canaL 
ia1  is  of  the  same  width  proposed  for  the  other,  viz,  150  feet.    The  two  lower 
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locks  would  be  flooded  ftt  high  water,  but  a  flood  that  would  cover  more  than  the  fini 
is  extremely  rare. 

The  reason  for  cutting  into  the  bank  and  passing  under  the  railroad,  instead  of  fol- 
lowing around  the  riyer-bauk,  is  that  for  some  distance  above  the  bridge  the  bank  is 
very  much  exposed  to  floating  ice,  which  often  niles  up  to  a  great  thickness  at  thii 
place,  so  that  an  embankment  outeide  would  be  liable  to  destruction  from  this  caufle. 

Below  the  bridge,  through  the  village  of  Warehouse  Point,  the  canal  is  kept  back 
from  the  river  to  such  a  distance  that  the  level  of  the  water  in  it  will  not  overflow    > 
and  cover  ground  behind  it,  nor  require  any  material  quantity  of  embankment  on  the    . 
inside. 

By  dropping  to  the  lower  reach  sooner  the  canal  can  be  run  along  shore ;  but  nnlea) 
the  embankment  be  carried  above  high  water,  the  lower  part  of  tne  canal  would  be    > 
occasionally  overflowed  and  the  entrances  blind  through  tne  drowned  portion. 

This  canal  will  require  three  waste- weirs  near  sections  5,  6,  and  16. 

The  surface  of  the  water  in  the  canal  will  be  19  feet  under  Enfield  Bridge,  and  23 
feet  under  the  level  of  the  track  where  it  crosses  the  railroad. 

A  road  in  the  village  of  Warehouse  Point  will  have  to  be  moved  or  closed,  and  wm 
houses  in  the  village  will  also  require  removal. 

There  will  be  required  at  least  two  bridges  over  the  canal  at  Warehouse  Point :  one, 
B,  road-bridge,  at  the  cross-street  upon  which  the  hotel  is  situated,  and  one  (perhaps  »    > 
foot-bridge)  on  the  cross-street  below.    A  small  stream  near  section  19  will  be  carried 
under  the  canal  by  a  culvert.    Another  small  brook  at  section  36  will  be  turned  into   .. 
the  canal.    All  otner  surface-drainage  will  be  carried  into  the  canal. 

Below  the  lower  look  there  will  be  some  excavation  required  in  the  bed  of  the  river 
to  get  a  clear  depth  of  6  feet.  This  is  provided  for  in  the  estimate.  The  length  of 
this  canal  would  be  4.63  miles. 

THE  THIRD  PLAN.  i 

The  third  plan  of  damming  the  river  at  the  island,  and  constructing  a  canal  on  the 
east  side  to  uelow  the  rapids,  requires  one  dam  of  1,150  feet  in  length  and  17  feet  high 
<m  the  east  side  of  the  island,  near  section  No.  26,  as  shown  on  the  map,  and  another 
at  the  head  of  the  island  crossing  the  west  branch  diagonally  from  the  end  of  the 
island  to  the  opposite  shore  above,  of  about  600  feet  in  length  and  13  feet  high.  Both 
of  these  dams  are  of  the  same  height  as  the  Enfield  Dam.  This  height  would  bring  the 
top  of  the  dam  at  the  head  of  the  island  within  1  foot  of  the  top  of  the  tow-i)ath  of  the 
old  canal.  As  the  proposed  dam  would  have  about  10  feet  of  water  flowing  over  it  in 
the  highest  freshets,  the  bank  of  the  old  canal  must  be  at  least  12  feet  above,  or  11  feet 
higher  than  it  is  now  at  this  place.  This  height  would  have  to  be  continued  up  the 
river,  along  the  continually  rising  slope  of  the  tow-path  to  the  upper  end  of  the  old 
canal,  a  distance  of  9,000  feet,  where  tne  filling  would  be  about  i  root. 

As,  however,  the  usefulness  of  the  old  canal  for  purposes  of  navigation  would  cease 
upon  the  construction  of  more  extended  works  by  the  government,  it  will  be  better  to 
continue  the  dam  directly  across  the  old  canal  and  arrange  gates  to  admit  and  regu- 
late the  proper  quantity  of  water  needed  for  manufacturing  purposes.  This  will  be 
much  cheaper  than  the  long  and  heavy  embankment  required,  and  would  be  free  from 
the  great  risk  of  leakage  and  rupture  during  freshet*  that  would  be  incurred  with  the 
embankment.  The  old  canal  would  be  much  safer  than  it  is  now,  as  much  of  the  pres- 
ent tow-path  is  below  the  highest  flood.  By  this  plan  the  under  side  of  the  bridge  at 
Enfield  would  come  quite  near  the  surface  at  high  water.  In  the  two  preceding  plans 
the  water  is  confined  to  the  canal,  and  does  not  rise  with  the  river.  Supposing  the 
water  to  run  over  the  dams  10  feet  deep,  it  would  leave  a  distance  of  only  9  feet  under 
the  bridge.  At  ordinary  high  water  very  few  boats,  if  any,  could  pass.  With  this 
plan,  therefore,  the  bridge  would  have  to  be  raised  or  provided  with  a  draw. 

From  the  lower  dam,  at  section  26,  to  the  foot  of  the  rapids,  there  would  be  a  canal 
on  the  east  side  of  the  river,  the  same  as  in  the  second  plan. 

The  guard-lock  would  be  at  the  dam,  and  would  have  a  ten-feet  lift.  The  other  locks 
would  be  exactly  the  same  as  before  described. 

The. dams  are  estimated  to  be  made  of  12-inch  by  12-inch  chestnut  timber,  laid  up  in 
cob- work,  inclining  at  an  angle  of  2^  horizontal  to  1  perpendicular,  bolted  together 
with  iron  bolts,  and  filled  in  soUd  with  blocks  of  stone.  The  top  auri^ce  is  a  complete 
layer  of  12-incn  timbers. 

As  these  dams  are  so  situated  that  the  dip  of  the  strata  of  the  underlying  rook  is  up- 
stream, they  will  not  be  endangered  by  any  excavation  the  water  may  make  below 
them.  They  consequently  will  not  need  any  apron  or  other  expensive  structure  below, 
such  as  has  been  recently  added  to  the  Holyoke  Dam. 

At  the  east  end  of  the  east  dam,  near  the  guard-lock,  there  would  be  entrance-gates 
for  the  water,  the  same  as  at  the  upper  end  of  the  canal  by  the  pre\'iou8  plans.  The 
length  of  canal  required  by  this  plan  would  be  2.13  miles. 

In  place  of  the  two  dams  above  mentioned,  one  might  be  built  Just  above  the  rail- 
road-bridge, near  section  22,  as  shown  on  tho  map.    This  dam  would  be  about  1,300 
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feet  long  and  23  in  height.  Like  the  one  at  the  head  of  the  island,  it  wonld  have  to 
cross  the  canal  also,  and  be  supplied  with  gates  to  let  the  water  into  the  old  canal. 
This  is  the  lowest  down  the  river  that  a  dam  of  the  level  of  the  Entield  Dam  can  be 
bniit.  It  cannot  be  placed  below  the  railroad-bridge,  on  account  of  the  height  of  the 
bottom  chord  of  the  channel-span,  which  is  only  4^  leet  above  the  required  height  of 
the  d^m,  or  7^  feet  below  high  water. 

The  bottom  chorda  of  the  twelve  river-spans  of  88^  feet  would  also  be  3  feet  under 
water  in  the  highest  freshets. 

A  dam  as  proposed,  between  the  railroad-brid^  and  the  island,  would  set  the  water 
back  in  dtony  £&tM>k  so  as  to  damage  the  mill  privilege,  as  mentioned  in  the  first  plan, 
diminishing  \he  fall  from  28  feet  to  16.5  feet.  The  length  of  canal  required  by  this 
phm  would  be  1.64  miles. 

The  estimate  for  the  third  plan  are  marked  a  and  h  for  the  two  modifications  above 
described. 

THE  FOUBTH  PUkK. 

The  IboTth  plan  proposed  requires  two  dams  at  different  levels.  The  upper  one  is 
placed  just  aboTe  £nneld  bridge,  near  section  46,  so  that  the  lower  level  reaching 
inder  the  bridge  would  give  a  greater  headway  than  in  the  previous  plan.  The  top  of 
tU&  dam  wonla  be  of  the  same  level  as  low  water  above  the  rapids. 

The  next  dam  is  placed  at  11  feet  lower  level,  just  below  the  railroad-bridge,  near 
MCtion  2L  This  is  doiie  with  a  view  to  passing  under  the  bridge  already  built,  instead 
«f  making  a  new  one  east  of  it.  If  the  dam  is  placed  above  the  bridge,  the  masonry  of 
tkf  locks  would  contract  the  water-way,  and  hie  too  much  exposed  to  damage  from  ice, 
lalMB  moved  back  so  that  the  canal  would  pass  east  of  the  bridge,  as  in  the  before- 
inposed  plans. 

The  average  height  of  the  upper  dam  would  be  about  10^  feet,  and  the  lower  one 
aboot  13  feet. 

The  upper  dam  woold  be  about  960  feet  in  length,  and  the  lower  one  1.200. 

At  the  apper  dam  there  would  be  a  guard-lock  of  15  feet  lift,  and  a  lift-lock  of  11 
feet.    These  are  best  placed  at  the  west  end  of  the  dam. 

At  the  lower  dam  there  would  also  be  a  guard-look  of  12^  feet  lift,  and  a  bulkhead 
vith  gates  leading  into  the  canal. 

The  canal  in  this  plan  passes  along  the  bank  of  the  river  from  the  lower  dam  down 
to  near  section  4,  as  shown  on  the  map,  150  feet  wide,  as  in  the  other  plans. 

Through  the  village  of  Warehouse  Point  it  would  run  in  the  river  just  outside  of  the 
rirer-road,  and  the  water  would  be  nearly  up  to  the  level  of  the  road. 

The  embankment  wonld  be  of  the  same  chajracter  as  heretofore  described,  and  carried 
mp  2  feet  above  high  water. 

There  would  be  two  lift-locks  of  11  feet  each  between  sections  6  and  4  at  the  lower 
end  of  the  canaL 

All  the  locks  are  of  the  same  length  and  width  as  before  described,  but  by  this  plan 
one  more  lock  is  required,  viz,  the  guard-lock  at  the  lower  dam. 

Two  waste-weirs  are  needed  just  above  the  two  lower  looks,  and  a  foot-bridge  across 
the  canal  from  the  shore  to  the  embankment. 

This  plan  gives  a  height  of  30  feet  under  Enfield  bridge  at  low  water,  or  17i  feet  at 
high  water,  and  under  the  railroad-bridge  a  height  of  2S|  feet  at  the  draw-span,  and 
20  feet  under  the  twelve  river-spans  at  low  water,  or  1^  and  7i  feet  respectively  at 
hi^  water.  There  is  a  narrow  span  of  25  feet  at  the  east  end  of  the  bridge,  which 
BD^t  be  available  at  high,  water,  under  which  there  would  be  18^  feet  at  the  highest 
■tiiea. 

This  plan  would  require  the  raising  of  the  bank  of  the  old  canal,  on  account  of  the 
higher  M>vel  to  which  the  freshet-line  would  be  raised.  From  the  upper  dam  to  the 
lM»d  of  the  old  canal  there  would  be  about  3,500  feet  Including  the  guard-lock,  which 
would  be  overflowed,  and  wonld  have  to  be  raised  an  average  of  5  feet,  and  between 
tht  two  dams  there  would  be  about  10,000  feet  requiring  to  be  raised  an  average  of  2 
feet. 

The  npper  dam  can,  however,  be  carried  across  the  canal,  and  provided  with  gates, 
as  described  for  the  third  plan,  so  as  not  to  reouire  any  alteration  of  the  canal  above 
the  dam.    This  is  the  method  provided  for  in  tlie  estimates. 

The  pond  of  the  lower  dam  at  the  lowest  water  will  cause  back-water  to  the  extent 
ci  about  .5  of  a  foot  at  the  lower  water  privilege  on  Stony  Brook. 

Some  excavation  will  be  required  in  the  bed  of  the  stream  below  the  locks  at  the 
npper  dam. 

BeJow  the  canal  there  would  also  be  reqiiired  some  rock  excavation  in  the  bed  of 
the  river,  to  get  a  clear  depth  of  six  feet.     These  are  included  in  the  estimate. 

The  Itngth  of  canal  required  by  this  plan  would  be  1.50  mile^. 
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THE  FIFTH  PLAN. 

In  the  fifth  plan,  of  enlarging  the  old  canal^  it  is  proimBed  to  widen  it  to  150  feet,  fe 
as  to  give  the  same  facilities  to  navigation  as  the  other  plans,  by  excavating  upon  the 
west  side  of  the  canal,  and  putting  material  upon  the  present  tow-path^  which  is  now 
a  great  deal  too  low,  and  in  many  places  exceedingly  weak. 

At  Enfield  bridge,  and  at  the  railroad-bridge  crossing  the  canal,  it  is  proposed  to 
leave  the  abutments  as  they  are.  The  span  ot  the  bridge  at  Enfield  is  124  feet,  one 
pier  being  on  the  tow-path  embankment.  The  span  of  the  railroad-bridge  is  140  feet, 
with  the  pier  likewise  on  the  present  tow-path.  These  spans  will  allow  sufficient 
space,  although  not  so  wide  as  the  rest  of  the  proposed  canal. 

The  aqueduct  where  the  canal  crosses  Stony  Brook  it  is  not  proposed  to  alter.  It  is 
79.2  feet  wide,  with  water  5  feet  deep,  and  is  in  pretty  good  repair.  It  would  not 
probably  be  necessary  to  provide  a  new  structure  for  many  years. 

Below  the  railroad-bridge  the  track  would  have  to  be  move4  to  the  westward,  to 
accommodate  the  increased  width  of  the  canal,  as  shown  on  the  accompanying  map. 
Wliere  it  crosses  the  small  water-course,  just  above  the  village,  it  will  not  be  changed. 

Through  the  village  of  Windsor  Locks,  the  jmsition  of  the  canal  is  contracted,  the 
width  being  much  less  than  in  other  parts.  On  the  east  side  it  is  limited  by  the  tow- 
path,  on  which  many  large  manufactories  have  been  erected,  and  on  the  west  side  it  is 
crowded  by  the  track  of  the  New  Haven,  Hartford  and  Springfield  Railroad,  and  by 
the  main  street  of  the  village.  On  this  part  of  the  canal  it  is  proposed  to  widen  to 
the  required  distance  by  taking  property  on  the  opposite  side  of  the  street,  and  mov- 
ing over  both  the  street  and  the  railroad,  as  shown  by  the  blue  lines  on  tho  map.  This 
wul  take  all  the  buildings  on  the  street  between  Biimap's  hall  and  Browning's  drug- 
store, requiring  them  to  be  taken  down  or  moved  back  to  the  new  line.  Below  this 
for  some  distance  the  houses  stand  back  from  the  street,  so  that  no  buildings  will  be 
disturl^ed ;  but  from  Elm  street  to  South  street  several  more  houses  will  require  re- 
moval.   Theflo  are  shown  on  the  map. 

The  railroad  will  be  moved  so  as  to  nin  parallel  to  the  canal  on  its  west  bank,  and 
the  new  highway  placed  beyond  it.  At  the  present  time  this  road  is  exceedingly 
unsafe,  being  for  some  distance  nearly  on  a  level  with  the  track,  and  close  to  it.  At 
one  point  the  whole  road  and  railroad  occupy  a  space  of  only  about  70  feet  from  the 
bank  of  the  canal.  With  regard  to  safety  and  the  general  appearance  of  the  street,  it 
is  believed  that  the  proposed  change  will  be  a  benefit. 

The  alterations  proposed  interfere  somewhat  with  the  railroad  in  givinof  less  space 
for  buildings,  turn-outs,  &c.  It  will  also  oblige  the  company  to  move  the  station- 
buildings  to  another  locality. 

It  will  also  cause  the  removal  of  the  store-honse  of  the  Seymour  Paper  Company, 
near  the  railroad-buildings,  and  the  Dexter  Mill  farther  down  on  the  west  bank  of  the 
present  canal. 

The  bridges  estimated  for  in  this  plan  are  of  a  similar  character  to  those  now  used, 
which  are  but  little  elevated  above  the  surface  of  the  water,  and  are  swing  or  floating 
bridges,  used  when  boats  are  not  passing. 

The  stop-gates  which  have  been  recently  placed  in  the  canal,  just  below  Enfield 
bridge,  will  have  to  be  removed. 

A  new  guard-lock,  of  the  dimensions  before  described,  is  to  be  constructed  at  the 
upper  end  of  the  canal.  At  the  lower  end  new  locks  of  the  same  dimensions  are  to  be 
biult.  These  will,  on  account  of  their  size,  be  placed  farther  apart  than  those  of  the 
present  canal.  It  is  proposed  to  locate  them  a  little  to  the  west  of  the  present  posi- 
tion, so  that  they  can  be  constructed  without  interrupting  navigation  through  the  old 
locks.  In  this  plan  the  franchise  of  the  Connecticut  River  Company  will  have  to  be 
purchased  by  the  government,  and  there  is  no  doubt  that  it  could  be  obtained  at  a 
fair  valuation,  as  the  greater  part  of  the  stock  is  held  by  the  Connecticut  River  Bank- 
ing Company,  and  by  the  family  of  the  president  of  the  canal  company.  It  could 
probably  be  bought  &r  about  $100,000. 

An  estimate  is  made  upon  this  plan  for  a  canal  of  150  feet  wide,  in  order  to  compare 
with  the  other  proposed  plans.  This  can  be  modified  to  save  expense,  even  to  narrow- 
ing down  to  the  present  width  of  the  canal.  In  this  case  the  cost  would  he  reduced 
to  the  expense  of  putting  in  the  new  locks  and  the  cost  of  purchasing  the  franchise  of 
the  old  canal  company.  This  might  be  all  that  would  he  required  for  some  years,  un- 
til the  increased  size  of  boat<s  passing  through  the  oanal  should  necessitate"  its  being 
widened. 

An  estimate  has  been  made  on  this  modification,  and  the  two  estimates  for  this  plan 
marked  a  and  b, 

NO  PLAN  FOR  IMPROVING  THE  NATURAL  CHANNEL. 

No  plans  or  estimates  are  presented  for  improving  the  natural  channel  of  the  river, 
by  excavation  or  otherwise,  because  suoh  a  work  would  not  meet  the  requirements  of 


APPENDIX  B.  283 

uivigation,  and  would  probably  prove  more  expensive  tban  those  proposed, 
seen  in  the  description  of  the  rapids  that,  at  a  low  stage  of  the  river,  the 
part  of  the  channel  is  11.11  feet  per  mile  for  a  distance  of  4,800  feet,  and 
jier  mile  for  8,800  feet.  An  excavation  in  the  bed  of  the  river,  or  parallel 
rnts,  to  carry  all  the  wat^r,  would  form  a  mere  chute,  impracticable  for 
or  descending  boats.  The  mean  velocity  of  the  current  would  be  about  5.2 
hour,  and  a  channel  6  feet  deep  and  88  feet  wide  would  carry  all  the  water 
r  at  the  lowest  stages  when  running  with  this  velocity. 

ESTIMATES. 

9win^  estimates  are  made  for  a  canal  150  feet  wide  at  the  water-line, 
s  of  1-^  horizontal  to  1  vertical,  both  in  the  cuts  and  for  the  embankments. 
tT  are  supposed  to  be  of  earth  raised  in  layers,  so  as  to  be  water-tight  with- 
rate  clav  pnddUng  in  the  middle,  and  to  have  a  riprap  of  rock  upon  the 
pe  of  2  feet  in  thickness,  and  on  the  inside  slope  and  top  of  1^  feet  in  thick- 

als  are  all  estimated  as  7  feet  deep,  with  6  feet  of  water  on  the  miter-siUs 
water  is  at  its  minimum  level. 

sonry  of  the  lock  is  supposed  to  be  coursed  rubble,  of  freestone,  laid  in 
cement  and  grouted,  with  the  gate-chambers,  quoins,  coping,  ana  comers 
masonry  in  the  locks  of  cut  granite. 

aonry  for  the  railroad-bridge  abutments,  entrance-gates  at  the  heads  of  the 
iste- weirs,  and  the  abutments  of  the  proposed  dams  are  estimated  as  all  of 
eestone  rubble,  with  comers  and  coping  having  cut  beds  and  builds.  The 
Ige-abutments  are  estimated  of  uncoursed  rubble,  of  stone  in  the  vicinity, 
lar  cut  comers  and  co])ing. 
ikining-walls  are  estimated  as  uncoursed  rubble,  laid  in  cement  like  the  pre- 

k-gates  are  supposed  to  be  of  ordinary  construction,  with  white-oak  timbers 
sheathing,  and  to  be  opened  and  closed  by  capstans.  All  the  dams  are  sup- 
te  constructed  of  a  coU-work  of  12-inch  by  12-inch  chestnut  timber,  with  a 
ice  and  a  back  slope  of  2^  horizontal  to  1  vertical^  laid  on  the  incline,  with 
rsections  at  5-feet  distances,  and  the  whole  filled  m  solid  with  broken  stone. 
ce  of  the  sloping  back  is  estimated  as  of  solid  timber,  12  inches  thick.  The 
ons  of  all  the  timbers  to  be  bolted  through  with  1-inch  iron  bolts.  No  aprons 
'  dams  are  included,  as  they  are  not  considered  necessary, 
bankments  are  all  estimated  as  2  feet  above  the  highest  water.  No  accoimt 
of  the  slopes  of  the  water-surface  in  the  canals  or  between  the  dams.  The 
re  considered  level  for  the  purposes  of  an  estimate.  This  will  be  sufficiently 
il  the  plan  to  be  executed  is  determined  upon,  when  the  proper  slope  and  all 
s  of  the  work  can  be  accurately  arranged. 

Estimate  for  first  plan. 

ibic  yards  earth  embankment,  at  45  cents..... $193,374 

>ic  yards  rock  embankment,  at  $2 163,500 

ic  yards  earth  excavation  (foundations),  at  60  cents 2, 100 

ic  yards  rock  excavation  (foundation),  at  $3 17, 175 

ibic  yards  rock,  channel  below  canal,  at  $4 404,400 

ic  yaads  rock-filling  for  waste-dam,  at  $2.50 7,505 

ic  5'ards  clay  puddling, at  |1.50 1,800 

c  yards  rubble  in  guard-lock,  at  |12 39,960 

varcls  cut  stone  in  guard-lock,  at  $20 13,520 

c  yards  rabble  in  first  lift-lock,  at  $12 39,780 

yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

c  yards  rabble  in  second  lift-lock,  at  $12 39,780 

vards  cut  stone  in  second  lift-lock,  at  $20 12,900 

B  yards  rabble  in  third  lift-lock,  at  $12 31,560 

rards  cut  stone  in  third  lift-lock,  at  $20 12,900 

rarrls  rubble  in  gate-head,  at  $12 4,200 

rards  cnt  stone  in  gate-head,  at  $16 1,600 

ards  mbble  in  waste-dam,  at  $12 11,400 

ards  cut  stone  in  waste-dam,  at  $16 3,200 

ards  mbble  in  two  w^aste-weirs,  at  $12 1,560 

rds  cnt  stone  in  two  waste-weirs,  at  $16 480 

ards  rabble  in  road-bridge  abutments,  at  $8 3,2(X) 

irdu  cnt  stone  in  road-bridge  abutments,  at  $16 1,600 

f^aidBrahhle  in  retauung-walls,  $8 10,560 
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2,700'cabic  yards  concrete,  at  $5 • %l 

408f000  feet  (board  measure)  timber  in  waste-dam,  at  $45 I 

36,800  pounds  iron  bolts  in  waste-dam,  at  10  cents 

100  feet  bridge  sui>er8tructure,  $50 

500  feet  bridge  over  dam,  at  $10 

8  pairs  lock-gates .-•. 2 

2  waste-weirs • 

Gates  at  entrance  to  canal •....•..•.•. 

Gate-house 

Coffer-dam,  ^^c 1 

Alteration  of  dam  at  Enfield 

Labor,  &c.,  on  dam  not  included 2 

Land  damages. .».. 2 

Engineering  and  contingencies,  10  percent 11 

Total 1.29 

EsUwMtefar  aeoondplan. 

292,000  cubic  yards  earth  embankment,  at  40  cents $11 

66,160  cubic  yards  rock  embankment,  at  $1.75 11 

154.000  cubic  yards  earth  excavation,  at  35  cents 5 

4,000  cubic  yards  rock  excavation  (foundation),  at  $3 1 

8,300  cubic  yards  rock,  channel  above  dam,  at  $5..... 4 

7,400  cubic  yards  rock,  channel  below  dam,  at  $5 • ........        3 

5,500  cubic  yards  rock,  channel  below  canal,  at  $5 • 2 

1,200  cubic  yards  clay  puddling,  at  $1.50 

2,904  cubic  yards  rubble  in  guard-lock,  at  $12 • *.....        3 

676  cubic  yards  cut  stone  in  guard-lock,  at  $20 1 

3,115  cubic  yards  rubble  in  first' lift-lock,  at  $12..... 3 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 1 

3,115  cubic  yards  rubble  in  second  lift-lock,  at  $12 3 

645  cubic  yards  cut  stone  in  second  hft-lock,  at  $20 1 

2,630  cubic  yards  rubble  in  third  lift-lock,  at  $12 3 

645  cubic  yards  cut  stone  in  third  lift-lock,  at  $20.... 1 

350  cubic  yards  rubble  in  gate-head,  at  $12 

100  cubic  yards  cut  stone  m  gate-head,  at  $16 

200  cubic  yards  rubble  in  three  waste-weirs,  at  $12 • 

40  cubic  yards  cut  stone  in  three  waste-weirs,  at  $16 

600  cubic  yards  railroad-bridge  abutments,  at  $12 

200  cubic  yards  cut  stone  in  railroad-bridge  abutments,  at  $16 

400  cubic  yards  nibble  in  road-bridge  abutments,  at  $8 

100  cubic  yards  cut  stone  in  road-bridge  abutments,  at  $16 

240  cubic  yards  rubble  in  foot-bridge  abutments,  at  $8 

60  cubic  yards  cut  stone  in  foot-bridge  abutments,  at  $16 

450  cubic  yards  culvert  masonry,  at  $10 

1,630  cubic  yards  retaining-walls,  at  $8 1 

1,800  cubic  yards  concrete,  at  $5 

100  feet  bridge  superstructure  at  railroad,  at  $80 

100  feet  bridge  superstructure,  at  $50 ! 

100  feet  bridge  superstructure,  at  $25 1 

8  pairs  lock-gates 2 

3  waste- weirs 1 

Gates  at  entrance  to  canal 

Gate-honse 

Alteration  of  dam  at  Enfield I 

Coffer-dams,  &c 11 

Land  damages 7J 

Engineering  and  contingencies,  10  per  cent 7! 

Total 86! 

Estimate  for  third  plan  (a). 

169,800  cubic  yards  earth  excavation,  at  35  cents $5i 

4,000  cubic  yards  rock  excavation,  at  $2 I 

1,550  cubic  yards  rock  excavation  (foundations),  at  $3 * 

5,500  cubic  yards  rock,  channel  below  canal,  at  $5 * 2^ 

1,972  cubic  yards  filling  for  west  dam,  at  $2.50 i 
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cabio  3raitl8  filling  for  east  dam,  at  $2.50 « |21, 685 

eabic  yards  clay  puddliug,  at  $1.50 4, 500 

cubic  yards  rubble  abntmentfs  west  dam,  at  $12 33,600 

tbic  yards  cat-stone  abatmeuts,  west  dam,  at  $16 ....................  12,  800 

cubic  yards  rabble  abutments,  east  dam,  at  $12  .... ...... ......  .... .  31,200 

ibic  yards  cut-stone  abutments,  east  dam  at  $16 6, 400 

irubic  yards  rubble  in  guard-lock,  at  $12 » 49,680 

ibic  yards  cut  stone  in  guard-lock,  at  $20.. ..«•  ......................  12,280 

:rnbic  yards  rubble  in  first  lift-lock,  at  $12 ...,  37,380 

bie  yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

;nbie  yards  rubble  in  second  lift-lock,  at  $12 37, 380 

bic  TMds  cut  stone  in  second  lift-look,  at  $20,.... .•  ...•••  12,900 

*ubie  yuds  rubble  in  third  lift-lock,  at  $12 31, 560 

bic  yards  cut  stone  in  third  lift-lock,  at  $s^... ..................... .  12,900 

bic  yards  rubble  innate-head,  at  $12 4,200 

bic  yards  cut  stone  m  gate-head,  at  $16 .... ....  1,600 

bic  yards  rubble  in  three  waste-weirs,  at  $12 2,400 

)ic  yards  cut  stone  in  three  waste- weirs,  at  $16 640 

bic  yards  rubble  in  railroad-bridge  abutments,  at  $12.-...  , 7,200 

bic  yards  cut  stone  in  railroad-bridge  abutments,  at  $16.... ....  .... .  3, 200 

bic  yards  rubble  in  road-bridge  abutments,  at  $8 ..••••••........  3,200 

bic  yards  cut  stone  in  road-bndge  abutments,  at  $16 1,600 

bic  yards  rubble  in  foot-bridjB;e  abutments,  at  $8  .....^.^...^.•..  ....  1, 920 

4c  yards  cut  stone  in  foot-bndge  abutments,  at  $16  ....^.......^.....m.  960 

bic  yards  culvert  masonry,  at  flO .....•.••....••...... 4,500 

.'ubie  yards retaining-walls,  at  $8 12,640 

mbic  yards  concrete,  at  $5 13,500 

D  feet  (board  measure)  timber  for  west  dam,  at  $45  ...«  ....  ..........  17, 847 

ilOO  feet  (board  measure)  timber  for  east  dam,  at  $45 66,312 

pounds  iron  bolts  for  west  dam,  at  10  cents 3,936 

}  pounds  iron  bolts  for  east  dam,  at  10  cents 13,760 

;t  of  bridge  superstructure,  at  $80 6,000 

st  of  bridge  superstructure,  at  $50 5,000 

I  of  lock-gates 22,500 

ft  of  bridge  superstructure,  at  $25 ..  2,500 

e-weirs 5,200 

-houses 1,500 

at  entrance"  of  new  canal 1,500 

at  entrance  of  old  canal 1,200 

tion  of  Enfield  bridge .,,, 15,000 

dams,  dec 12,000 

ray  at  east  dam .....•..,. ...•••  1,700 

,  ic,  on  west  dam,  not  included 43,000 

,  Ac.,  on  east  dam,  not  included 84,000 

damages ^. 90,000 

eering  and  contingencies,  10  per  cent 87,419 

Total 961,609 

Estimate  for  third  plan  (5). 

)  cubic  yards  earth  excavation,  at  35  cents $53,970 

ubic  yards  rock  excavation  (foundations),  at  $3 4, 575 

nbic  yards  rock,  in  channel  oelow  canal,  at  $5.... 27,500 

cubic  yards  rock,  filling  in  dam,  at  $2.50 .....^ 48,825 

ubic  yards  clay  puddling,  at  $1.50 .'. 3,000 

ubic  yards  rubble  in  abutments  of  dam,  at  $12 50,400 

ubic  yards  cut  stone  in  abutments  of  dam,  at  $16 19,200 

ubic  yards  rubble  in  guard-lock,  at  $12 69, 192 

nc  yards  cut  stone  in  guard-lock,  at  $20 13,520 

ubic  yards  rubble  in  first  lift-lock,  at  $12 37,380 

>ic  yards  cut  stone  in  first  lift-lock,  at  ^ 12,900 

abic  yards  rubble  in  second  lift-lock,  at  $12 37,380 

dc  yards  cnt  stone  in  second  lift-lock,  at  $20 12,900 

ibic  yarda  rubble  in  third  lift-lock,  at  $12 31,  .'SeO 

ic  yards  cut  stone  in  third  lift-lock,  at  $20 12,900 

ic  yanls  rabble  in  gate-head,  at  $12 , 4,200 

ic  yards  cut  atone  in  gate-head,  at  $16 1,600 

!c  yards  rabble  in  three  waste-weirs,  at  $12 2,400 
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40  cubic  yards  cut  stone  in  three  waste-weirs,  at 

600  cubic  yards  rubble  in  railroad-bridge  abutmeutH,  at  $12 

200  cubic  yards  cut  stone  in  railroad-bridge  abutments,  at  $16 

400  cubic  yards  rubble  in  road-bridge  abutments,  at  $8 

100  cubic  yards  cut  stone  in  road-bridge  abutments,  at  $16 

240  cubic  yards  rubble  in  foot-bridge  abutments,  at  $8 

60  cubic  yards  cut  stone  in  foot-bridge  abutments,  at  $16 

450  cubic  yards  culvert  masoniy,  at|lO 

1,580  cubic  yards  retaining-walls,  at  $8 1 

2,700  cubic  yards  concrete,  at  $5 1 

2,637,000  feet  (board  measure)  timber  in  dam,  at  $45 11 

229,380  pounds  iron  bolts  in  dam,  at  10  cents • S 

100  feet  bridge  superstructure,  at  $80 

100  feet  bridge  superstructure,  at  $50 

100  feet  bridge  superstructure,  at  $25 

8  pairs  of  lock-gates S 

3  waste-weirs • 

2  gate-bouses 

Gates  at  entrance  to  new  canal 

Gates  at  entrance  to  old  canal 

Altering  Enfield  bridge 1 

Coffer-clams,  &c 

Fish-way 

Labor,  &;c.,  on  dam  not  included 1^ 

Land  damages 1( 

Engineering  and  contingencies,  10  per  cent i 

Total 1,0; 

EsHmate  for  fourth  plan, 

33,440  cubic  yards  earth  embankment,  at  45  cents $11 

51,792  cubic  yards  rock  embankment,  at  $2 1( 

3,125  cubic  yards  rock  excavation  (foundations),  at  $3 

11,000  cubic  yards  rock  in  channel  at  upper  dam,  $5 I 

36,000  cubic  yards  earth,  raising  old  tow-path,  at  45  cents « ] 

31,500  cubic  yards  rock,  raising  old  tow-path,  at  $2 C 

2,238  cubic  yards  filling  in  upper  dam,  at  $2.50 

4,860  cubic  yards  filling  in  lower  dam,  at  $2.20 ] 

5,500  cubic  yards  rock,  channel  below  canal,  at  $5 S 

3,000  cubic  yards  clay  pudding,  at  $1.50 — 

3,000  cubic  yards  rubble  in  upper  dam,  at  $12 1 

700  cubic  yards  cut  stone  in  upper  dam,  at  $16 1 

1,800  cubic  yards  rubble  in  lower  dam,  at  $12 S 

400  cubic  yards  cut  stdne  in  Ibwer  dam,  at  $16 

5, 194  cubic  yards  rubble  in  upper  guard-lock,  at  $12 t 

768  cubic  yards  cut  stone  in  upper  guard-lock,  at  $20..... 1 

3,702  cubic  yards  rubble  in  lower  guard-lock,  at  $12 4 

691  cubic  yards  cut  stone  in  lower  guard-lock,  at  $20 1 

2,633  cubic  j^ards  rubble  in  first  lifb-lock,  at  $12 2 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 1 

3,838  cubic  yards  rubble  in  second  liffc-lock,  at  $12 4 

645  cubic  yards  cut  stone  in  second  lift-lock,  at  $^ 1 

2,633  cubic  yards  rubble  in  third  lifb-lock,  at  $12 2 

645  cubic  yards  cut  stone  in  third  lift-lock,  at  ^20 1 

350  cubic  yards  rubble  in  ^ate-head,  at  $12 

100  cubic  yards  cut  stone  in  gate-head,  at  $16 

130  cubic  yards  rubble  in  two  waste-weirs,  at  $12 

30  cubic  yards  cut  stone  in  two  waste-weirs,  at  $16 

240  cubic  yards  rubble  in  foot-bridge  abutments,  at  $8 

60  cubic  yards  cut  stone  in  foot-bridge  abutments,  at  $16 ., 

1,350  cubic  yards  retaining-walls,  at  $7 1 

2,700  cubic  yards  concrete,  at  $5 1 

519,800  feet  (board  measure)  timber  in  upper  dam,  at  $45 2 

996,200  feet  ( board  measure)  timber  in  lower  dam,  at  $45 4 

52,290  pounds  iron  bolts  in  upper  dam,  at  10  cents 

98,880  pounds  iron  bolts  in  lower  dam,  at  10  cents 

100  feet  bridge  superstructure,  at  ^^ 

10  pairs  lock-gates.... S 
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2iraste-weiT8 $3,500 

Gates  at  entrance  to  canal 1,  500 

Gates  at  entrance  to  old  canal 1,200 

Gflte-hoose • 750 

Coffei^damis,  &c 15,  000 

fuh-waj8  at  dams 2,400 

Labor,  &c.,  on  upper  dam  nut  included 39,  OOQ 

Labor,  &c.,  on  lower  dam  not  included 57,  000 

Land  damages 35,000 

Engineenng  and  contingencies,  10  percent Ill,  119 

Total 1,222, 308 

EsHmaie  for  fifth  plan  (a). 

laS4^3D0  cubic  yards  earth  excavation,  at  30  cents |457, 290 

^000  cubic  yards  rock  excavation,  at  $1.50 693,000 

3,000  cubic  yards  rock  foundation,  at|3 9,  000 

1,200  cubic  yards  clav  pudding,  at  fl.50 1,800 

3,330  cubic  yards  rubble  in  guard-lock,  at  $12 39,960 

676 cubic  yards  cut  stone  in  guard-lock,  at  |20 13,520 

3,120  cubic  yards  rubble  in  first  lift-lock,  at  |12 37,440 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

2,120  cubic  yards  rubble  in  second  lift-lock,  at  $12 37,440 

645  cubic  yards  cut  stone  in  second  lift-lock,  at  $20 12,900 

2,630  cubic  yards  rubble  in  third  lift-lock,  at  $12 31,560 

645 cubic  yards  cut  stone  in  third  lift-lock,  at  $20 12,900 

4u0 cubic  yards  rubble  in  four  road-bridges,  at  $8 3,200 

'225  cubic  yards  rubble  in  three  foot-bridges,  at  $8 1,800 

6,680  cubic  yards  rubble  in  retaining-walls,  at  $8 69,440 

2,700  cubic  yards  concrete,  at  $5 13,500 

4road-bridgm 6,000 

Sfoat-brid^a 3,000 

Semoving  stop-gates 500 

Uoring  railroad  track 1,500 

Abering  highway 500 

tf  pairs  of  lock-gates 22,500 

Coffer-dams,  &c 5,000 

Land  damages 155,000 

Engineering  and  contingencies,  10  per  cent 164,165 

1,805,815 

Add  value  of  old  canal 101,750 

Total 1,907,565 

Estimate  far  fifth  plan  (6). 

48,000  cubic  yards  earth  excavation  (foundations),  at  50  cents $24, 000 

3,000  cubic  yards  rock  excavation  (foundations),  at  $3 9,  (XK) 

MOO  cubic  yards  clay  puddling,  at  $1.50 .,  1,800 

3,330  cubic  yards  rubble  in  guard-lock,  at  $12 39, 960 

^6  cubic  yards  cut  stone  in  guard-lock,  at  $20 13,520 

3,120  cubic  yards  rubble  in  first  lift-lock,  at  $12 37, 440 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

3,120  cubic  yards  rubble  in  second  Uft-lock,  at  $12 37,440 

645  cubic  yards  cut  stone  in  second  lift-lock,  at  $20 12,900 

2,630  cubic  vards  rubble  in  third  lift-lock,  at  $12 31,560 

645  cubic  yards  cut  stone  in  third  lift-lock,  at  $20 12,900 

2,700  cubic  yards  concrete,  at  $5 13,500 

8  pain  of  lock-gates 22,500 

Bemoving  stop-gates 500 

Coffer-dams,  &c 5,000 

Engineering  and  contingencies,  10  percent 27,492 

302,412 

Add  value  of  old  canal 101,750 

Total 404,162 
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■1 

RBCAPITULATIOX  OF  ESTIMATES. 

First  plan : 
Canal  and  channel  on  west  aide..... •.«•....>........... .^  $1,293,868 

Second  plan : 
Canal  on  east  aide ^ 869,636 

Third  plan  (a) : 
Two  dams  at  island  and  canal 961,609 

Third  plan  (6) : 
One  dam  below  island  and  canal 1,066,071 

Fonrth  plan : 
Two  dams  at  different  levels,  and  canal  ..^» •»..««  ....•• 1,222,306 

Fifth  plan  (aj : 
New  locks  and  widening  old  canal 1,907,565 

Fifth  plan  (b) : 
New  locks  only,  old  canal.. ..i^.^^..^... ......-••. 404,13 


MATERIALS  FOR  THE  WORK. 

Earth  and  rock  for  the  embankments  in  the  first^  second,  and  fonrth  plans  will  be 
easily  obtained  ui)on  the  banks  in  the  vicinitjr  of  the  work.  In  the  other  plans  pro- 
posed, the  cutting  will  eqnal  the  filling  or  be  in  excess. 

Stone  for  part  of  the  mbble  masonry  can  probably  be  obtained  of  sufficiently  good 
quality  in  the  vicinity. 

The  cut  blocks  of  freestone  for  the  comers  and  coping,  and  the  larger  blocks  of  stone 
for  the  abutments  of  the  dams,  will  probably  be  best  obtained  from  the  quarries  at 
East  Windsor,  about  two  miles  below  the  foot  of  the  rapids,  where  blocks  of  excellent 
quality  and  any  desired  size  can  be  obtained.  There  are  also  other  ouarries  at  Port- 
land and  other  places  on  the  river  where  the  stone  could  likewise  be  conveniently 
obtained. 

The  granite  used  in  the  locks  wouM  have  to  be  brought  from  Mnnson,  Massachu- 
setts, or  from  Westerly,  Rhode  Island,  at  both  of  whicn  places  there  are  excellent 
quarries.  The  latter  would  probably  be  the  best,  as  there  is  water  communication 
nearly  the  whole  distance. 

The  timber  for  the  dams,  lock-gates,  weirs,  &c.,  can  be  best  obtained  in  Vermont 
and  New  Hampshire,  and  brought  down  by  railroad  directly  to  where  it  is  to  be  used. 
Timber  cannot  at  the  present  tmie  be  rafted  down  the  river  past  Turner's  Falls  and 
Holvoke. 

The  iron  work,  both  cast  and  forged,  for  the  locks  and  dams,  can  be  prepared  at 
Hartford,  where  there  are  extensive  shops  and  founderies,  and  transported  by  water 
or  rail  as  is  most  convenient. 

ADVANTAGES  AND  DISADVANTAGES  OP  THE  PROPOSED  IMPROVEMENTS. 

Each  of  the  improvements  proposed  has  some  especial  advantages  or  disadvantages 
which  it  will  be  well  to  consider  irrespective  of  the  cost. 

The  first  plan  proposed,  that  of  a  canal  on  the  west  side  of  the  river,  has  the  benefit 
of  the  channel  west  of  the  island  to  fonn  a  large  and  commodious  basin,  valuable  for 
various  purposes  in  a  Canal,  but  more  especially  as  a  safe  winter-harbor  for  the  river- 
boats,  where  they  would  not  be  endangered  by  the  ice  in  the  spring  freshets. 

It  also  has  the  advantage  of  passing  under  the  railroad-bridge  at  the  most  favorable 
place  for  width  and  head-room,  and  where  the  company  would  be  required  to  build 
a  draw,  if  one  should  be  deemed  desirable.  This  plan  leaves  the  natural  channel  open 
for  descending  boats. 

The  disadvantages  of  this  plan  are  that  it  is  upon  the  outside  of  the  old  canal,  and 
nowhere  accessible  from  the  shore  except  by  bridges  over  the  old  canal.  This  would 
be  very  important  to  boats  loading  and  unloading  at  Windsor  Locks,  or  to  those  lying  in 
the  basin  west  of  the  island.  Also,  that  the  new  canal  cannot  extend  to  the  deep 
water  at  the  foot  of  the  rapids  on  account  of  the  great  value  of  the  mills  and  manufac- 
turing operations  making  use  of  the  water-power  of  the  old  canal.  Tlie  excavated 
channel  below  the  last  lock  would  be  more  diflflcult  of  navigation  than  the  canal  ex- 
tended down  the  same  distance.  This  plan  famishes  no  good  landing  at  Windsor 
Locks,  and  little  or  no  additional  water-power.  It  materially  diminishes  the  sectional 
area  of  the  water-way  above  the  island,  even  with  the  proposed  width  of  150  feet. 

The  second  proposed  plan  of  a  canal  on  the  east  side  of  the  river  has  the  advantage 
of  being  next  to  the  shore,  with  convenient  access  to  all  parts  of  it.  It  passes  under 
the  railroad,  where  a  draw  can  be  built,  if  desired,  although  the  whole  expense  would 
probably  fall  on  the  government.  It  can  extend  to  the  foot  of  the  rapids,  and  will 
open  into  the  river  on  the  channel  side.    It  also  falls  abruptly  at  the  lower  end,  so  that 
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Teiy  short  length  will  be  flooded  even  in  the  highest  water.  The  entrance  will  be 
«ly  accessible  at  all  8ta^€«  of  the  river. 

This  plan  will  also  {provide  au  abundant  water-power,  which  will  be  second  to  none 
the  Stat4>,  and  furnishes  an  excellent  location  for  manufacturing  establishments  be- 
'een  the  canal  and  river  at  Warehouse  Point. 

Iliis  plan  alao  leaves  the  natural  channel  of  the  river  open  for  descending  boats,  and 
is  the  only  plan  that  does  not  touch  or  interfere  in  any  manner  with  the  old  canal, 
rhe  disadvantage  of  this  plan,  as  well  as  the  previous  one,  is  that  it  materially  di- 
nishes  the  sectional  area  of  the  bed  of  the  river.  It  also  has  the  disadvantage  that, 
the  canal  is  to  be  made  deeper  than  proposed,  there  will  be  much  more  rock-cutting 
the  channel  above  and  below  Enfield  Dam. 

rhe  thirfl  pro(>OHed  plan  of  a  dam  on  each  side  of  the  island,  and  a  canal  below  on 
e  east  side,  has  the  advantage  of  not  contracting  the  water-way  above  the  island, 
:e  the  two  preceding  plans.  It  also  shortens  the  canal  on  the  east  side  of  the  river 
S.13  nules.  In  this  plan  the  canal  can  be  wider,  if  hereafter  considered  desirable. 
as  plan  has  also  the  same  advantage  regarding  water-power  as  the  preceding, 
rhe  disa4lvantages  of  this  plan  are:  It  closes  the  natural  channel  of  the  river,  which 
s  been  heretofore  deemed  an  important  matter.  It  is  open  to  the  objection  of  the 
security  t4>  which  all  dams  are  subject,  and  their  being  ot  far  less  permanent  charac- 
r  and  liable  to  more  repairs  than  a  canal. 

In  this  plan  also  boats  endeavoring  to  enter  the  upper  lock  in  time  of  freshets  might 
accidentally  carried  over  the  dam. 

This  plan  requires  the  raising  of  Enfield  bridge,  or  a  draw,  which  would  oblige  all 
«tii  to  paw  at  one  place  ne^ar  the  west  end  of  tlie  bridge  at  ordinary  high-water. 
The  proikosed  mo<lification  of  this  plan,  by  making  one  dam  below  the  island  in 
aee  of  the  two  above  mentioned,  would  not  materially  change  its  character.  It 
mid  have  the  benefit  of  shortening  the  canal  to  1.64  miles,  but  would  fiow  back  on 
»  west  side  of  the  island  so  as  to  interfere  with  the  water-power  on  Stony  Brook, 
ihie  mentioned. 

The  difference  between  these  moilifications  is  chiefly  one  of  cost,  if  the  lower  dam  is 
rt  carried  so  far  down  the  stream  as  to  endanger  the  railroad-bridge. 
The  first  modification  has  some  advantage  over  the  second  in  the  depth  of  water 
nring  over  the  dams  in  the  highest  freshets,  which  would  be  10.1  feet  for  the  first 
odification,  and  11.8  feet  for  the  second. 

The  fourth  pni|)osed  plan  of  one  dam  near  Enfield  bridge,  and  another  just  l>elow 
»  railroad-bridge,  can  have  the  shortest  canal  of  any  of  the  proposed  improvements, 
nng  1^;0  miles  in  length  below  the  lower  dam.  This,  however,  would  be  more  than 
impensated  by  the  necessity  of  having  one  more  lock. 

This  plan  can  have  almost  any  width  of  canal  desired  without  materially  increasing 
»  cnst,  but  an  increase  of  the  proposed  depth  will  make  expensive  rock-cutting  at 
le  apper  dam. 

It  has  the  disadvantages  consequent  upon  having  two  dams  in  the  main  channel  of 
le  river,  with  their  insecurities  and  repairs,  and  the  risk  of  boats  going  over  them  in 
eshets. 

This  plan  also  gives  a  less  head  of  water  at  Warehouse  Point  by  11  feet,  and  has  no 
Torable  place  for  manufacturing  establishments  along  its  banks. 
The  greatest  disadvantage  possessed  by  this  plan,  however,  is  the  great  depth  of 
Iter  on  the  upper  dam  in  time  of  freshets.  This  would  be  15.2  feet,  and  would  dam 
r  water  back  m  the  river  above  to  a  height  of  3  feet  more  than  is  now  the  case,  and 
!mld  probably  cause  some  damage  above  not  considered  in  the  estimate. 
The  lower  dam,  also,  would  have  upon  it,  at  high- water,  12.4  feet,  which  is  more 
an  would  be  on  the  dams  in  the  other  plans. 

The  fifth  proposed  plan  of  improving  tne  present  canal  has  all  the  advantages  of  the 
ual  on  the  east  side  of  the  river,  without  contracting  the  water-way  above  the 
and.  It  also  has  the  advantage  of  drawing  rents  from  manufactories  already  estab- 
bed,  using  wat«r- power  from  tne  canal.  It  leaves  the  river-channel  open  like  the 
ler  propose*!  canalsL  and  it  could  draw  all  the  water  from  above  Enfield  Dam,  if 
arwl,  instead  of  only  a  part,  as  would  be  the  case  with  either  of  the  other  proposed 
lals.  It  has  the  advantage,  also,  that  it  could  be  executed  part  at  a  time,  as  the 
seMiries  of  navigation  might  require.  The  locks  could  be  first  constructed  and  the 
lening  done  afterward,  as  might  bo  necessary  for  larger  boats  than  those  now 
d.  Its  principal  disadvantages  are  the  opposition  that  the  plan  would  receive  from 
owners  of  property  taken  for  the  widening,  and  that  it  would  be  necessary  to  pur- 
ie  the  franchise  of  the  Connecticut  River  Company,  the  shares  of  which  would  rise 
aloe  if  it  was  known  that  the  government  desired  to  purchase  it. 
be  modifii'atian  i^f  this  plan,  by  making  only  new  locks  at  present,  has  only  the 
iDtage  thstt  if  the  size  of  boats  hereafter  used  would  not  warrant  it,  the  work  need 
be  fully  carri^  out,  but  only  such  a  widening  made  as  is  requisite. 
tbin  way  the  originaA  expense  would  be  less,  and  the  final  cost  perhaps  not  greater 
by  either  of  the  other  plans. 

19  b 
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PLANS  SELECTED. 

A  caTeful  coDsideration  of  the  estimates  of  cost,  with  the  advantages  and  disa 
tages  of  each  of  the  proposed  plans  of  improvement,  will,  it  is  believed,  canse  t 
jection  of  the  first  plan,  the  modification  of  the  third  plan,  the  fourth  plan,  an 
fifth  plan,  leaving  to  be  considered  the  second,  third,  and  modified  fifth  plans ;.  f 
these  preference  is  given  in  the  order  named. 

The  contraction  of  the  wat«r-way  near  Enfield  bridge  is  the  only  serions  object 
the  second  plan,  and  it  is  believed  that  a  safe  location  of  the  canal  can  be  made 

The  low  dam  at  the  Enfield  entrance,  which  would  not  be  dangerous  for  Ix 
drawn  over  accidentally  at  high-water,  is  deemed  more  than  an  offset  to  the 
cAnal  and  other  advantages  of  the  third  plan,  with  its  high  dam  at  the  entrance 
canal. 

If  the  original  outlay  .is  to  be  limited  to  the  smallest  amount  possible,  with  a  v 
fiiture  enlargements  as  necessity  may  require,  the  modified  fiftn  plan  is  the  one 
should  be  selected. 

FURTHER  IMPROVEMENT  OF  THE  RIVER. 

Whatever  plan  for  the  improvement  of  the  rapids  may  be  adopted,  it  shoidd 
view  of  further  improvements  between  the  foot  of  the  rapids  and  the  city  of  Hai 
The  expense  of  making  a  channel  of  6  or  7  feet  deep  will  not  be  much  greatei 
one  of  three  or  four,  which  is  now  the  ordinary  limit  of  depth  in  the  channel 
at  the  lowest  stages  of  the  river.  The  estimates,  therefore,  have  been  made  wit 
in  view. 

The  channel  of  the  river  can  he  so  improved  as  t-o  cany  7  feet  of  water  up  as 
Springfield,  Massachusetts,  if  the  amount  of  traffic  would  warrant  it.  In  thi 
vessels  navigating  Lon^  Island  Sound,  or  even  sea-going  craft  of  mo<lerate  size, 
proceed  directly  to  Springfield,  and  save  the  transhipment  now  necessary  at  Hai 

All  of  which,  with  the  accompanying  list  of  maps,  tables  of  approximate  disci 
and  list  of  bench-marks,  is  respectfully  submitted. 

Theo.  G.  Elus, 
Civil  Engh 

Migor-General  G.  K.  Warren, 

Major  United  States  Engineers, 


UST  OP  MAPS. 

Accompanying  this  report  is  a  map  of  Enfield  Rapids,  on  a  scale  of  400  feet 
inch,  or  <t?W>  showing  the  several  plans  of  improvement.  Also  a  sheet  showii 
tions  across  the  river,  numbered  on  the  maps  from  0  to  55. 

To  show  the  river  above  and  below  the  rapids,  reference  is  made  to  the  map 
Connecticut  River  Irom  Hartford,  Connecticut,  to  Hadley,  Massachusetts,  accon 
ing  my  report  on  proposed  improvement  above  Hartford,  of  March  4,  1871.  ^ 
show  the  river  from  Hartford  to  Long  Island  Sound,  reference  is  made  to  tb 
accompanying  my  report  of  survey  of  the  Connecticut  River  below  Hartford,  < 
nary  11,  1868. 

Table  of  approximate  discharge  of  the  Connecticut  River  at  Enfield  Rapidsy  in  tenths 

height^  from  low  to  high  fvater  at  any  point. 


Height 


.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 
].0 


Cable  feet 
per  second. 


4,000 

10,500 

20,500 

37,500 

51,000 

61,500 

73,600 

06,000 

118,500 

141,000 

162,000 


Kotes. 


Dedar«d  from  observations  on  slope  of  water  i 
tions  of  bed  between  Haj-tford  and  Soantic,  b 
phreys  and  Abbot  formula. 


Interpolated. 
Interpolated. 
InteriMilated. 
From  deepest  water  on  Holyolce  Dam,  Rankine  f 
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Beiui^-marks — Heights  from  0  of  Hartford  gauge-board. 

ON  EAST  SIDE  OF  RIVER. 

ntheast  comer  of  underpiimiDg  stone  at  northeast  comer  of  red  tobacco-shed,  near 

ion  3,  29,Sl  feet. 

lil  in  sonth  one  of  two  maple  trees  in  front  of  white  house,  east  of  road,  near  sec- 

9,  31.14  feet. 

>p  of  southwest  comer  of  abutment  of  railroad-bridge  at  Warehouse  Point,  61.90 

ON  WEST  SIDE  OF  RTV^R. 

ip  of  north  one  of  two  hooks  in  the  top  of  east  wall  of  sonth  lock  of  old  canal, 

Jfeet. 

ip  of  southeast  comer  of  abutment  of  railroad-bridge,  near  Windsor  Locks,  61.75 

»p  of  southeast  comer  of  stone  support  to  bridge  over  old  canal,  at  north  end  of 
path,  50.93  feet. 

THE  SUEVEY  FOR  A  CANAL  FROM  HARTFORD  TO  ENFIELD. 

be  natural  seonenoe  to  the  Enfield  Rapids  snrrey,  in  view  of  the  capabilities  of  the 
r  above  j^fieid  Dam  as  far  as  Holyoke,  and  the  possibility  of  improving  the  rapids 
Deans  of  a  canal,  was  the  continuation  of  the  survey  for  a  canal  all  the  way  down 
lie  navigable  water  at  Hartford. 

bis  was  done  in  the  fall  and  winter  of  1873,  and  the  following  report  was  made. 
map  referred  to,  showing  the  location  of  the  proposed  canal,  has  been  reduced  and 
n&rred  to  the  general  map  of  the  river  herewitn  presented.     The  part  embraced 
be  report  la  shown  in  Plates  I  and  II. 

"Hartford,  Conn.,  May  13,  1873. 

E!nnLAL:  According  to  instructions  received,  a  survey  has  been  made  for  a  canal 
n  the  east-erly  side  of  the  Connecticut  River,  between  Warehouse  Point  and  Hart- 
1- 

bts  eanal  is  intended  to  be  in  continuation  of  the  proposed  canal  around  the  Enfield 
}id8  reported  upon  January  10,  1872.  Of  the  plans  then  presented,  the  second,  or 
mal  from  above  the  rapids  to  the  village  of  Warehouse  Point,  on  the  east  side  of 
river,  is  considered  the  most  feasible,  and  it  is  with  that  view  that  the  present 
rey  has  been  made. 

the  river  below  the  rapids. 

"he  channel  of  the  river  below  the  rapids,  nearly  all  the  distance  to  Hartford,  is 

bncted  by  bars.     The«e  exist  at  the  mouth  of  the  Scan  tic  River,  7|  miles  above 

rtlbrd ;  opposite  Strong's  Island,  6^  miles  above ;  at  the  mouth  of  the  Farmiugton 

er,  5^  miles  above ;  at  Barber's  Landing,  3|  miles  above ;  and  at  Higley's  Point,  If 

es  above  Hartford. 

Coring  extremely  dry  seasons  this  portion  of  the  river  has  but  about  18  inches  of 

ter  upon  the  bars,  and  is  of  very  difficult  navigation.     Its  general  character  and 

nature  of  the  obstructions  are  detailed  in  my  report  upon  the  improvement  of  this 

t  of  the  river,  of  March  4,  1871. 

he  fall  in  the  surface  at  extreme  low-water  from  Warehouse  Point  to  Hartford,  a 

tuice  of  11  miles,  is  6.2  feet.     From  Warehouse  Point  to  Scan  tic  River,  a  distance 

4  milcA,  the  fall  is  1.7  feet,  or  .49  of  a  foot  to  a  mile.     From  Scantic  River  to  Hart- 

I,  a  distance  of  74  miles,  the  fall  is  4.5  feet,  or  .60  of  a  foot  to  a  mile. 

he  fall  in  the  surface  of  the  river,  at  extreme  high-water,  from  Warehouse  Point 

lartfonL  is  3  feet.     From  Warehouse  Point  to  Scantic  River  it  is  .6  foot,  or  .17  foot 

i  mile :  from  Scantic  River  to  Hartford  it  is  2.4  feet,  or  .32  foot  to  a  mile. 

he  height  of  the  great  freshet  of  1854  above  the  zero  of  the  toll-bridge  gauge  at 

tford  was  29.83  feet,  as  ascertained  and  recorded  at  the  time.    This  is  the  highest 

d  known. 

he  zero  of  the  above-named  gauge  is  taken  as  the  base  of  the  levels,  and  is  con- 

Tcd  low-water  mark  at  Hartiord,  although  it  is  said  that  in  1858  the  water  fell  1| 

tea  below  it. 

be  total  fall  of  the  river  at  low-water  from  above  the  Enfield  Dam  to  Hartford  is 

feet. 

previous  improvements  made  and  recommended. 

mng  the  saminer  of  1871  an  attempt  was  made  to  improve  the  navigation  upon 
Scantic,  Strong's  Island,  and  Farmington  River  Bars  by  the  construction  of  wing- 
I  at  th<Mfe  plAcea.  aa  proposed  in  report  of  March  4  of  that  year.     These  works 

left  in  An  unfinished  condition^  owing  to  the  failure  of  the  contractor  to  com- 

the  work  ^ritbin  the  specified  time. 
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During  the  next  season,  1872,  the  wat«r  of  the  river  continued  remarkably  bigli 
through  the  whole  summer,  so  as  to  render  it  impracticable  to  determine  to  what  ex- 
tent tlie  bars  have  been  benefited  by  the  work  done. 

The  extensive  improvements  around  Enfield  Rapids  which  have  been  proposed 
would  scarcely  appear  to  be  warranted,  unless  the  river  below  conld  be  made  narigft- 
ble  for  boat*  of  greater  draught  than  at  the  present  time,  or  the  propo8e<l  canal  con- 
tinued down  to  the  deep  water  at  Hartford. 

The  present  survey  haa  therefore  been  made  to  ascertain  the  cost  of  continning  th« 
proposed  canal  around  Enfield  Rapids  down  to  Hartford. 

SURVEY. 

The  field-work  was  conmienced  about  the  Ist  of  November,  1872,  and  was  mostly 
completed  by  January  1,  1873. 

The  surveying  party  consisted  of  Mr.  Charles  L.  Burdett,  civil  engineer,  principal 
assistant;  Mr.  Norman  W.  Eayrs  and  Mr.  Luther  W.  Burt,  sub-assistants;  OliTer 
Deming,  rodman ;  George  W.  iJewton  and  Frederick  B.  Lathrop,  chainmen ;  Wilmot 
Horton,  axman ;  G^eorge  V.  Wilson  and  Donald  G.  Mitchell,  flagmen. 

A  line  of  survey  was  run  frf>m  near  the  railroad-bridge  at  Warehouse  Point,  upon 
the  easterly  side  of  the  Connecticut,  down  to  the  mouth  of  the  Hockanum  River,  in 
East  Hartford.  The  line  generally  follows  the  side-hill,  which  limits  the  meadow 
overflowed  in  freshets.  This  line  is  very  direct,  and  unconmionly  favorable  for  sach 
a  work. 

The  route  waa  carefully  leveled  over,  and  the  levels  compared  with  bench-marks, 
the  heights  of  which  were  determined  when  taking  levels  m>m  Hartford  to  Enfield 
Ra))ids  for  the  previous  surveys. 

The  total  difference  of  the  two  lines  of  levels  from  the  bench-mark  on  the  east  abut- 
ment of  the  railroad-bridge  at  Warehouse  Point  to  the  bench-mark  on  the  foundation 
of  house  comer  of  Warwami  avenue  and  Van  Dyke  avenue,  in  Hartford,  a  distance  of 
about  fourteen  and  one-half  miles  by  the  line  run,  wa«  only  .014  foot ;  and  the  greatest 
amount  of  difference  in  the  comi)arison  of  intermediate  benches  was  .030  foot  at  Scan- 
tic  River. 

At  about  500  feet  distances  apart,  taken  iwually  at  characteristic  points,  cross^sec- 
tions  were  leveled  over  to  aid  in  making  an  approximate  location  of  tne  canal. 

The  side-hill  along  which  the  survey  was  made  being  in  many  places  irregular  and 
quite  steep,  a  very  close  approximation  to  a  location  by  the  preliminary  line  was  im- 
practicable without  consuming  time  unnecessarily.  From  a  study  of  the  cross-sections 
a  line  of  approximate  location  ha«  been  placed  upon  the  map  accompanying  this  rejiort, 
which,  it  IS  believed,  is  nearly  upon  the  best  ground.  The  character  of  the  side-hill 
is  su.ch  that  in  most  places  a  slight  alteration  of  the  position  of  the  center  line  of  the 
canal  will  greatly  aff(;ct  the  amount  of  work,  and  a  careful  location  will  make  a  laiig« 
part  of  the  work  only  side-hill  excavation,  or  cutting  upon  one  side  and  embankment 
upon  the  other. 

The  estimated  quantities,  therefore,  of  cutting  and  filling  will  probably  exceed  the 
actual  amount  required  in  a  final  location,  and  will  probably  be  suflicient  to  cover  all 
contingencies  in  the  execution  of  the  work. 

GENERAL  DESCRIPTION  OF  THE  ROUTE. 

The  previously  proposed  canal  around  Enfield  Rapids  turned  into  the  river  at  Ware- 
house Point,  reaching  the  low-water  level  by  means  of  three  locks. 

The  route  at  present  proposed  dispenses  with  the  locks  at  Warehonae  Point,  and 
keeps  back  from  the  river-road,  leaving  the  formerly  proposed  rout'eat  the  cro8»-street 
which  passes  by  the  American  Hotel  and  running  farther  from  the  bank  than  the  old 
line,  as  it  is  not  necessary  to  reach  the  river  at  this  place ;  the  object  of  the  change 
lieing  to  keep  off  the  ground  covered  by  freshets.    About  a  mile  below  Warehouse 
Point  is  a  rocky  point  called  Red  Hill,  around  which  the  line  passes  close  to  the  river. 
This  will  probably  be  the  best  location,  although  a  perfectly  feasible  route  can  be  ob- 
tained on  the  flat  ground  east  of  the  hill.     This  would  necessitate  a  long  out  in  which 
it  is  probable  solid  rock  will  be  found.     It  would,  however,  be  a  matter  for  future 
determination  before  a  final  location  should  be  made.     After  passing  Red  Hill,  the  line 
follows  along  the  side-hill  nearly  all  the  way  to  the  terminus  at  the  Hockanum  River 
in  East  Hartford.     It  keeps  near  the  Connecticut  River  down  as  far  as  Prior's  Creek, 
where  it  diverges  to  the  left  and  runs  at  a  distance  varying  from  2,000  to  4,000  feet 
from  it  to  the  lower  end.     The  line  is  generally  out'Side  of  the  highway  up  and  down 
the  river  on  the  east  side,  and  crosses  very  few  important  roads.     Those  that  are  crossed 
are  mostly  farm-roads  to  the  meadows  bordering  on  the  river,  which  are  used  only  at 
certain  seasons  to  get  in  the  crops.    Narrow  swing-bridges  at  these  points  that  can  be 
left  open  most  of  the  time,  are  all  that  will  be  required.     Some  of  these  roada  can  be 
abandoned,  or  two  roads  turned  over  one  bric^ge.     The  roads  that  wiU  require  heavier 
and  wider  bridges  are,  the  main  road  near  Red  Hill,  the  Connecticut  River  Quarry 
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ny's  RailroaiU  the  road  to  BisselVs  Ferry  near  the  Scan  tic  River,  and  three  roads 
Hartford.     These  will  all  require  i)ermanent  strnctures  with  draws,  and  will 
r  near  the  ^^nvde  of  the  tow-path  of  the  proposed  canal. 

few  streams  of  any  importance  are  crossed.  The  Hcantic  River  is  the  larji^est, 
^  Podunk  River  next  in  size.  The  others  are  all  small  streams.  It  is  proposed 
r  them  all  under  the  canal  by  suitable  arches  and  culverts. 
le  lower  end  of  the  canal,  for  about  a  mile,  the  line  runs  across  a  nearly  level 
w,  and  ont  upon  a  point  or  spur  which  reaches  nearly  to  the  bank  of  the  HiK'ka- 
iver,  thereby  keeping;;  up  the  grade  of  the  canal  until  it  reaches  the  point  for 
ling  by  locks  to  the  level  of  the  river. 

seems  to  be  the  most  feasible  place  for  entering  the  Connecticut,  although  some- 
plow  the  moet  desirable  point,  opposite  Hartford.  There  appears,  however,  to 
oint  on  the  river  above  which  admits  of  the  entrance  of  the  canal. 
e  the  toll-bridge  the  river  channel  is  shallow  and  obstructed  by  bars,  and  the 
ban  no  snitable  draw,  the  existing  one  being  only  17  feet  in  the  clear,  and  not 
ting  order.  Below  the  bridge,  where  the  navigable  water  l>egins,  the  eastern 
low,  and  has  an  extensive  shoal  extending  half  across  the  river.  The  meadows 
and  overflowed  in  freshets  to  a  distance  of  about  4,000  feet  from  the  ordinary 
ftnk. 

ring  the  canal  across  these  flats  at  a  high  level  would  l>e  impracticable  on  ac- 
rf  the  expense  and  the  contraction  of  the  wat^r-way  of  the  river,  and  <lropping 
»y  locks  to  the  level  of  the  meadow  would  submerge  the  canal  and  render  it« 
don  impossible  whenever  there  was  a  high  freshet. 

point  near  the  Hockanum  River,  above  mentioued,  oflers  a  situation  protected 
le  ice  and  fre.shet«,  and  gives  a  good  entrance  to  the  canal  through  the  lower 
the  Hoekannm. 

banks  are  wooded  and  well  defined,  and  this  stream  can  be  entered  in  any  nav- 
sta^  of  the  Connecticut  River. 

locks  can  l>e  placed  as  near  together  as  is  desirable  so  as  to  reduce  the  part  of 
lal  submerged  in  fr^«hets  to  a  minimum. 

Hockanum  is  at  the  present  time  navigable  up  to  the  point  where  it  is  pro- 
o  enter  it  with  the  canal ;  but  it  is  proposed  to  deepen,  widen,  and  straighten 
mnel  out  to  the  Connecticut  River,  as  sliown  on  the  map,  so  as  to  make  a  free 
ce  to  th9  canaL  This  would  form  a  basin  where  vessels  could  lie  while  awaiting 
ige  throogh  the  locks,  and  would  afford  a  safe  harbor  for  wintering,  protected 
tie  ice. 

SLOPE  AND  AMOUNT  OF  WATER  REQUIRED. 

question  whether  this  canal  will  be  for  navigation  only,  or  whether  the  water 
)  used  for  manufacturing  purposes  also,  will  materially  aflect  its  location  and 

Qclination  of  the  water-surface  sufficient  only  for  the  waste  and  lockage  is  un- 

dly  the  best  fur  navigation ;  the  current  will  be  slower,  and  the  amouut  of  water 

fd  to  supply  the  canal  and  maintain  the  slope  will  l>e  a  minimum. 

is  desired  to  have  a  sufficient  amount  of  water  to  snpply  power  for  manufactur- 

r{KMes,  a  much  greater  inclination  will  have  to  be  given  to  the  surface,  which 

»t  be  so  favorable  for  navigation  on  account  of  the  increased  current  in  the  caual. 

so  has  the  disadvantage  of  requiring  a  large  supply  of  water  at  all  times  to 

un  the  height  at  the  upper  end  of  the  canal. 

amount  of  fall  required  in  the  whole  length,  from  Enfield  to  Hartford,  for 

ktion  only,  would  be  about  1.75  feet ;  while  to  carry  half  the  water  iu  the  river 

-water  would  take  about  7  feet  fall  between  the  same  points.     This  diflerenco 

materially  alter  the  position  of  the  best  location  at  the  lower  end. 

lere  is  already  a  canal  upon  the  west  side  of  the  river  from  Entield  Dam  down 

village  of  Windstir  Locks,  which  now  supplies  a  valuable  and  important  manu- 

ng  inte?rest,  it  is  very  doubtful  if  more  than  half  the  water  at  low  stages  of  the 

ould  rightfully  be  diverted  to  the  east  side. 

ccount  of  this  complication  with  the  franchise  of  the  Connecticut  River  Com- 

uid  the  somewhat  better  location  for  navigation  that  can  be  obtained  with  the 

pe,  the  plan  of  improvement  is  made  for  the  purposes  of  navigation  only.     If 

rk  should  be  executed,  the  location  cau  be  made  for  either  navigation  alone  or 

additional  purpose  of  a  water-|)ower,  as  may  then  be  thought  best. 

believed  that  the  cost  would  not  materially  ditter  in  the  two  cases. 

amonnt  of  water  required  iu  the  caual  for  the  purposes  of  navigation  will  be 

s  {oUow» : 

Cnbic  feet 
per  second. 

[age 200 

ation  and  leakage 168 

Miration •^ 

tal ^^ 
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ThiH  allows  a  lockfnl  of  wat^^r  every  ten  miniiteH,  a  filtration  and  leakage  of  10  cnbie 
feet  per  Hecond  ]>er  mile,  and  an  evaporation  of  .02  foot  in  twenty-four  hours. 

The  amount  lost  by  filtration  would  probably  much  exceed  the  above  during  the 
first  season,  but  after  a  certain  time  the  deposit  of  mud  upon  the  bottom  and  sides  of 
the  canal  would  greatly  diminish  the  loss  from  this  cause. 

The  slope  assumed  for  the  surface  of  the  water  is  .00002  of  the  length,  or  very  nearly 
1^  inches  in  a  mile. 

This  is  a  somewhat  greater  inclination  than  would  be  required  to  supply  the  quan- 
tity of  water  necessary  for  navigation,  and  allows  for  all  contingencies  and  obstnictioiw 
in  the  head  of  the  canal.  It  would  give  a  mean  velocity  of  about  1.2  feet  per  second 
in  a  straight  and  smooth  channel  of  the  section  proposed,  or  a  discharge  of  1,620  cnbic 
feet  per  second.  In  the  proposed  canal,  however,  tliere  will  be  the  usual  obstructioM 
to  the  flow  of  water,  resulting  from  the  accidental  irregularities  of  construction,  the 
abutments  and  piers  for  road-bridges  that  may  be  placed  within  the  water-line,  aod 
es])ecially  the  resistance  ofiered  by  aquatic  plants.  These,  with  the  small  loss  of  head 
due  to  cur\'es,  will  probably  reduce  the  mean  velocity  to  about  .75  foot  per  second,  or 
a  discharge  of  990  cubic  feet  per  second. 

The  canal  of  the  Connecticut  River  Company  has  been  very  much  obstructed  by  eel- 

frass,  which  grows  abundantly  upon  the  sides  and  bottom — so  nuich  so  that  a  special 
oating  steam  mowing-machine  has  been  provided  to  cut  it  at  intervals.  An  eiaio* 
inaticm  of  their  canal  shows  that  this  grass  grows  to  a  depth  of  about  9  feet.  The 
pro[K)sed  canal  being  10  feet  deep,  it  is  thought  it  will  not  prove  so  troublesoiiie. 
Whether  this  grass  is  peculiar  to  the  locality,  I  am  not  aware. 

The  slojie  of  tlie  canal  has  been  assumed  in  excess  of  the  probable  requirements  of 
navigation  t<o  provide  for  all  contingencies,  and  if  found  more  than  is  requisite,  the 
total  amount  is  so  small,  viz,  1.75  feet  in  the  whole  length  of  the  canal  from  Enfield 
Dam  to  East  Hartford,  that  it  can  be  varied  to  the  desired  extent  by  allowing  the 
wat<*r  to  rise  at  the  lower  end  and  fall  at  the  upper,  even  to  becoming  level,  without 
damage  to  the  canal. 

DIMENSIONS  OF  THE   CANAL. 

The  length  of  that  part  of  the  canal  around  Enfield  Rapids  which  is  embraced  in  the 
present  plan  is  23,000  feet,  or  4.36  miles. 

The  length,  as  stated  in  report  of  January  10,  1872,  wa«  4.83  miles,  l^t  the  change« 
at  the  lower  end  and  the  abandonment  of  the  locks  at  Warehouse  Point,  consequent 
upon  the  continuation  down  the  river,  shorten  it  about  half  a  mile. 

The  length  of  the  extension  at  i)resent  proposed,  from  it«  junction  with  the  previons 
survey  in  the  village  of  Warehouse  Point  to  its  entrance  into  the  Hockanum  River,  is 
65,700  feet,  or  12.44  miles.  About  1,800  feet  of  this  at  the  lower  end  is  occupied  by  the 
locks  and  intermediate  reaches. 

The  whole  length  of  the  canal,  from  the  Enfield  Dam  to  the  Hockanum,  is  therefore 
16.80  roiled.  That  portion  of  the  Hockanum  River  which  it  is  proposed  to  dredge  ont 
is  about  2,8(H)  feet  in  length.  This  is  to  be  deepened  to  8  feet  below  the  lowest  water, 
and  to  have  a  bottom  width  of  150  feet,  with  sloiwis  of  1|  horizontal  to  1  vertical.  It  is 
proposed  to  make  the  canal  150  feet  wide  at  the  water-line  and  10  feet  deep.  The 
slopes  of  the  excavations  and  embankments  are  estimatrcd  at  1\  horizontal  to  1  vertical. 
This  slope  may  be  somewhat  varied  in  the  execution  of  the  work  if  dift'erent  materials 
are  encountered  than  ap])ears  upon  the  surface. 

Upon  the  euibaiikmeuts  the  tow-path  is  intended  to  be  2  feet  above  the  surface  of 
the  water  and  10  feet  wide.  In  the  cuttings  a  berm  of  20  feet  is  allowed  at  the  tow- 
path  on  each  side.  This  is  for  the  purpose  of  allowing  room  for  ditches  and  a  short 
sptice,  with  a  flatter  slope  than  that  named  above,  at  the  foot  of  the  main  slojie  aud  at 
tiie  water's  edge. 

LOCKS. 

The  locks  of  the  canal  would  all  be  at  the  lower  end,  except  the  guard-lock  at  the 
upper  end,  as  proposed  for  the  canal  around  Enfield  Rapids  in  my  previous  report. 

The  total  fall  from  the  level  of  the  lower  end  of  the  canal  to  low-water  in  the  river 
would  be  37.5  feet.  It  is  proposed  to  arrange  this  in  three  lifts,  the  two  upper  ones  to 
be  11.5  feet  each,  and  the  lower  one  14.5  feet.  This  is  done  so  as  to  make  the  lifts  about 
equal  at  the  ordinary  summer  level  of  the  river. 

It  is  intended  to  make  the  locks  50  feet  wide  and  200  feet  in  length,  the  same  as  was 
pn)posed  for  the  canal  around  Enfield  Rapids.  They  are  to  have  8  feet  depth  of  water 
upon  the  miter-sills.  This  will  permit  the  parage  of  any  boats  that  would  be  likely 
to  navigate  the  Connecticut  River  above  Enfield  Ra])ids.  *^ 

The  masonry  of  the  gate-chambers,  quoins,  miter-sills,  and  coping  is  intended  to  l)e 
of  cut  granite,  with  the  side  walls  aud  backing  of  coursed  rubble,  all  laid  iu  hydraulic 
cement  and  grouted. 

The  lock-gates  are  supposed  to  be  of  the  ordinary  construction,  with  white-oak  tim- 
bers and  pine  slieathing,  and  to  be  opened  aud  closed  by  capstans. 
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BRIDOR8. 

It  »  proposed  to  make  the  faces  of  the  abutments  of  the  bridges  in  line  with  the 
sides  of  the  bottom  of  the  canal,  or  120  feet  apart,  and  t«  place  a  circular  pier  in  the 
middle  of  the  wat^r-wa y,  so  as  to  allow  a  swing-bridge  with  clear  openings  of  at  least 
50  fret  on  each  side  of  the  central  pier  to  span  the  whole  canal.  The  abutments  and 
piers  are  intended  to  be  of  coursed  fteestone-rubble,  with  comers  and  bridge-seats, 
navin^nt  l>ed»  and  builds.  The  bridges  are  intended  to  be  of  iron ;  those  for  the  main 
roads  lo  feet  wide,  and  those  for  the  farm-crossings  10  feet  wide  and  correspondingly 
lighter.  ' 

ARCHES  AND   CULVERTS. 

At  the  crossings  of  the  large  streams  it  is  proposed  to  carry  them  under  the  canal 
throngh  arches,  as  follows: 

At  the  Scantic  River,  two  20-foot  arches. 

At  the  Podunk  River,  one  20-foot  arch. 

At  StoughtoD's  Br«K>k,  one  10-foot  arch. 

Al  Boyle's  Brook,  one  10-foot  arch. 

At  Prior's  Creek,  one  6-foot  arch. 

At  Station  103,  one  6-foot  arch. 

These  arches  are  to  have  the  abutments,  wings,  and  backing  of  coursed  freestone- 
rabble  with  ciit-stoue  comers,  coping,  and  arched  courses.  The  smaller  streams  are 
carried  through  the  embankment  under  the  canal  by  box-culverts,  varying  from  2^  to 
5  feet  opening. 

WASTE- WEIRS  AND  RETAINING- WALLS. 

The  masonry  of  the  waste- weirs  is  to  be  of  nibble  with  cut  comers,  similar  to  that 
descrilied  for  the  bridge  abutments. 

The  retaining-walls  at  the  ends  of  the  locks,  and  other  places  where  necessary,  are 
to  be  built  of  rubble-masonry. 

MATERIAIA 

The  uiaterial  encountered  in  the  excavation  is  mostly  a  clayey  loam,  from  the  village 
of  Warehouse  Point  down  to  the  Scautic  River,  a  distance  of  about  five  miles,  after 
vhich  it  l>ecome8  more  sandy,  and  for  a  long  distance  at  the  lower  end  of  the  route  it 
i!ialiuo«<t  a  pure  sand.  It  is  proposed  to  make  the  embankments  entirely  of  the  material 
excavateii,  and  to  build  them  up  in  layers  slightly  concave,  in  preference  to  making 
I>iuidle<l  walls  in  the  interior,  even  where  the  material  is  entirely  sand.  The  expedi- 
ent of  a  central  puddled  wall  in  an  embankment  of  porous  materials  has  been  shown 
to  be  of  exceedingly  doubtful  value,  and  it  is  believed  that  the  best  mcMlem  engineer- 
ing practice  is  to  make  the  whole  embankment  of  uniform  material  in  the  manner 
pmpo(««^(L  Canals  formed  even  in  very  porous  ground,  like  coarse  gravel,  8<M)n  become 
tight  from  the  dex>osit  of  silt  from  the  water.  The  wastage  that  might  occur  from 
fihration  during  the  first  year  or  more,  in  a  canal  constructed  as  proposed,  would  be 
of  little  importance,  as  there  would  be  an  ample  supply  of  water  and  a  sufficient  slope 
to  maintain  its  depth  in  the  canal. 

The  stone  for  all  the  rubble-masonTy*  can  be  obtained  in  the  vicinity.  The  cut  blocks 
of  freestone  for  the  comers  and  coping,  and  for  the  voussoirs  of  the  arches,  will  prob- 
ably be  liest  olitainecl  from  the  quarries  at  East  Windsor,  where  blocks  of  any  desired 
fflze  and  excellent  quality  can  be  procured. 

The  granite  used  in  the  locks  will  have  to  be  brought  from  Munson,  Mass.,  or  West- 
trly,  R.  L,  at  iKith  of  which  places  there  are  excellent  quarries.  The  latter  place  is 
prol»ably  the  best  and  easiest  (»f  communication. 

The  timber  for  the  lock-gate,  weirs,  &c.,  can  l>e  best  obtained  in  Vermont  and  New 
Hampshire,  and  brought  down  by  railroad  to  where  it  is  to  be  used.  It  cannot  at  the 
present  time  lie  rafted  down  the  river  from  above  Holyoke. 

The  iron-work  for  the  hridges  and  locks  can  be  obtained  at  Springfield  and  Hart- 
fonl,  where  there  are  extensive  works,  and  transporte<l  by  water  to  near  where  it  is  to 
be  xaed  on  the  river. 

ALTERATIONS  IN  THE  ENFIELD   RAPIDS  CANAL. 

In  my  re|iort  upon  the  canal  around  Enfield  Rapids  of  Januarj^  10,  1872,  a  depth  of 
6  feet  upon  the  miter-sills  of  the  locks  was  reconnnende<l.  This  was  in  view  of  it«  ex- 
teniiing  down  only  »»  far  as  the  village  of  Warehouse  Point  and  entering  the  river  at 
that  plai-e.  The  depth  was  thus  limited,  as  it  was  not  thought  practicable  to  improve 
th»^  natnral  bed  of  the  river  between  that  point  and  Hartford  so  as  to  maintain  more 
than  the  above-named  depth  of  water  in  the  channel. 
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A  greater  depth  in  the  canal  would  likewise  make  a  much  greater  amount  of  to 
excavation  at  the  head  of  the  canal  near  the  Entield  Dam^  and  altw  at  the  foot,  when 
enters  the  river  at  Warehouse  Point.  If  the  canal  is  to  l>e  continued  to  Hartford 
would  recommend  that  the  upner  part  he  made  of  the  same  depth  as  is  now  propoi 
for  the  lower  part,  viz,  8  feet  ueep  upon  the  miter-sills,  and  the  canal  10  feet  d© 
A  great  part  of  the  previously  proposed  canal  is  embanked  from  the  river-bed  and 
sufficiently  deen.  A  little  extra  work  will  be  required  in  the  cuttings  and  in  the  n 
excavation  at  tne  upper  end.  The  rock  at  the  lower  end  will  be  avoided.  These  a^ 
tions  will  be  made  to  the  estimate.  There  will  also  be  required  a  little  more  uiasoi 
in  the  guard-lock,  and  some  extra  work  on  the  gates,  which  is  also  provided  for  in 
estimate. 

The  alterations  at  the  lower  end  will  save  some  work,  which  becomes  unnecess 
on  account  of  (commencing  the  new  canal  about  half  a  mile  back  from  the  terminus  of 
old  survey;  viz,  the  excavation  from  the  point  of  junction  to  the  river ;  the  rock  es 
vation  in' the  bed  of  the  river  to  make  a  cnaunel  from  the  lower  lock  out  to  the  ri^ 
channel ;  also  the  masonry,  puddling,  and  gates  in  the  three  locks. 

These  are  deducted  in  making  the  total  estimates  for  the  whole  length  of  the  cai 

Estimate  from  Warehouse  Point  to  Hartford. 

1,862,000  cubic  yards  earth  excavation,  at  30  cents  per  yard $558, 

9,430  cubic  yards  foundation^  at  60  cents  per  yard 5, 

98,000  cubic  yards  dredging  m  Hockanum  River,  at  40  cents  per  yard 39, 

2,500  cubic  yards  clay  puddling,  at  $1.50  per  yard 3, 

720  cubic  yards  cut  stone  in  tirst  lock,  at  $20  per  yard 14, 

3,830  cubic  yai*ds  rubble  in  first  lock,  at  $12  per  yard 45, 

695  cubic  yards  cut  stone  in  second  lock,  at  $20  per  yard 13, 

3,370  cubic  yards  nibble  in  second  lock,  at  $12  per  yard ...  40, 

695  cubic  yards  cut  stone  in  third  lock,  at  $20  i>er  yard 13, 

3,370  cubic  yards  rubble  in  third  lock,  at  $12  i>er  yard 40, 

2,555  cubic  yards  arch-masonry,  at  $18  per  yard 45, 

1(K)  cubic  yards  cut  stone  in  arch  abutments,  at  $16  per  yard 1, 

4,.^75  cubic  yanls  rubble  in  arch  abutments,  at  $12  per  yard 54, 

280  cubic  yards  cut  stone  in  bridge  abutments,  at  $16  per  yard 4, 

2,600  cubic  yards  rubble  in  bridge  abutments,  at  $12  per  yard 31, 

40  cubic  yanls  cut  st<me  in  three  wtiste-weirs,  at  $16  per  yard 

200  cubic  yards  rubble  in  three  waste-weirs,  at  $12  per  yard 2, 

3,260  cubic  yards  culvert-masonry,  at  $10  per  yard 32, 

2,500  cubic  yards  retaining-walls,  at  $8  per  yard 20, 

2,700  cubic  yards  concrete,  at  $5  per  yard 13, 

6  pairs  lock-gates 19, 

3  waste-weirs 1, 

Superstructure  for  6  swing  road-bridges , 48, 

Superstructure  for  6  swing  farm-bridges 28, 

Coffer-dams,  &.c 6, 

Land  damages,  twelve  and  a  half  miles,  at  $20,000  per  mile 250, 

Engineering  and  contingencies,  10  per  cent 133, 

Total 1,470, 

Additional  cost  in  caftal  around  Enfield  RapidSy  10  feet  deep  and  Sfeet  on  miter-sills  of  Ic 

5,500  cubic  yards  rock  excavation  above  dam,  at  $5 $27, 

17,8(K)  cubic  yanU  rock  excavation  below  dam,  at  $5 89, 

164,000  cubic  yards  earth  excavation,  at  35  cents 57, 

31  cubic  yards  cut  stone,  extra,  in  guard-lock,  at  $20 

695  cubic  yards  rubble,  extra,  in  guard-lock,  at  $12 8, 

Extra  on  lock-gates 

Total 183, 

Amount  saved  from  fonner  estimate  for  canal  around  Enfield  Rapids  by  alteration. 

2,500  cubic  yards  earth  excavation,  at  35  cents $8, 

5,500  cubic  yards  rock  excavation,  at  $5 27, 

1,935  cubic  yanls  cut-stone  masonry  in  locks,  at  $20 3>^, 

8,860  cubic  yards  rubble  in  locks,  at  $12 106, 

1,200  cubic  yards  retaining-walls,  at  $8 9, 

1,500  cubic  yards  concrete,  at  $5 7, 

1,200  cubic  yards  clay  puddling,  at  $1.50 1, 

6  i)air  lock-gates 16, 

Total 217, 
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Total  estimate  from  Enfield  Dam  to  Hartford. 

Total  cost  of  canal  from  Enfield  Dam  to  Warehouse  Point |869,636 

idd  for  increased  cost  in  making  it  10  feet  deep  and  8  feet  on  miterHsills  of 
locks 183,210 

1, 052,  846 
jem  amonnt  saved  at  lower  end 217, 045 

icTised  cost 835,801 

?oet  of  canal  from  Warehouse  Point  to  Hartfoi-d 1,470,544 

Total,  Enfield  Dam  to  Hartford 2,306,345 

lAat  of  hench-marka — HeightB  from  0  of  Hartford  gauge. 

fop  of  southwest  comer  of  abutment  of  railroad-bridge  at  Warehouse  Point..  61. 900 
rhe  northwest  comer  of  bridge-seat  of  southerly  abutment  of  iron  bridge  over 

the  Scantic  River 26.  839 

Seneh-mark  cut  on  large  elm-tree  on  west  side  of  T.  Deming's  collar-shops,  in 

East  Hartford 32.663 

Tom  of  stone  foundation  at  northeast  comer  of  house  on  southwest  comer  of 

Warwarme  avenue  and  Van  Dyke  avenue,  in  Hartford "31. 540 

Eero  of  gauge-board  at  Hartford  toll-bridge 000 

This  report  is  accompanied  by  a  map  of  the  survey,  on  two  sheets,  showing  the  loca- 
aoQ  of  the  proposed  canal. 

Sderence  is  also  made  to  the  map  of  the  proposed  improvements  around  Enfield 
Kapids,  and  the  accompanying  rex>ort  of  January  10, 1872. 
Keqiectfully  submitted. 

Theo.  G.  Elus, 

Civil  Engineer. 
If^.  Gen.  G.  K.  Wabren, 

Major  United  States  Engineere," 

THE  SURVEY  OF  THE  RIVER  ABOVE  THE  RAPIDS. 

In  the  latter  part  of  the  sununer  of  1872  a  general  survey  of  the  river  above  Hart- 
brd  was  commenced,  with  a  view  of  connecting  and  completing  the  detached  portions 
klready  surveyed,  and  to  obtain  a  full  knowledge  of  the  regimen  of  the  river,  m  order 
hat  any  further  improvement  might  be  made  part  of  a  general  system  which  should 
Qclude  that  i>art  of  the  river  between  Hartford  and  Holj'oke. 

This  survey  was  continued  during  the  season  of  1873,  and  in  the  summer  of  1874  a 
erics  of  experiments  upon  the  flow  and  volume  of  discharge  was  made  at  Thorn] >8on- 
ifle,  Conn.,  ])rimarily  with  a  view  to  determine  the  volume  passing  Hartford  at  clitter- 
nt  stages,  as  a  series  of  gauge-readings  had  been  taken  there  for  some  years  in  con- 
lection  with  previous  surveys. 

The  finst  or  partial  report  of  this  work  was  made  in  July,  1874,  as  follows : 

Hartford,  Conn.,  July  6,  1874. 

Gbxeral  :  In  compliance  with  directions  received,  I  transmit  a  preliminaiy  report 
f  the  survey  of  the  Connecticut  River  from  Hartford  to  Holyoke. 
The  survey  of  the  Connecticut  River  between  Hartford  and  Holyoke  was  commenced 
I  the  latter  part  of  August.  1872,  by  a  small  party  under  Mr.  William  F.  Dyer,  civil 
leineer,  who  started  the  field-work  at  Holyoke  and  continued  down  the  river  to  near 
hicopee  Village.  Work  was  suspended  in  the  latter  part  of  October  of  that  year,  and 
plot  was  made  of  the  work  then  completed. 

The  «ur\'ey  was  resumed  early  in  April,  1873,  and  two  field  parties  were  employed 
pon  the  work.  . 

One,  under  Mr.  William  F.  Dyer,  civil  engineer,  continued  the  field  work  down  to 
afield  Dam;  and  another,  under  Mr.  Charies  L.  Burdett,  civil  engineer,  made  the 
irvfyw  frfnn  Enfield  Dam  to  Hartford. 

The  sur^'eys  were  continued  during  the  season  until  suspended,  about  the  Ist  of 
•tober,  when  the  field-work  was  mostly  completed.  In  October  and  November 
rings  were  made  in  the  bed  df  the  river  at  several  points  between  Hartford  and 
»lyoke  to  determine  the  depth  of  the  rock. 

During  the  past  winter  the  maps  and  drawings  have  been  completed  by  Mr.  Burdett, 
■.  Drer,  Mr,  Burnett,  and  Mr.  Curtis. 

[hiring  the  present  season  observations  have  been  taken  by  a  field  party  under  Mr. 
rdett  to  determine  the  discharge  of  the  Connecticut  and  the  streams  entering  into 
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it  between  Hartfonl  and  Holyoke.  These  observations  are  not  yet  completed,  owing 
to  the  continued  high  water.  The  gauging  of  the  Connecticut  has  been  mainly  done 
at  a  [)oint  just  above  Thoinpsonville.  Accurate  gauging  cannot  be  done  at  low  stages 
of  the  river  lielow  Enfield  Kapids  on  account  of  the  tides. 

METHOD  OF   MAKING  THE   8UR\T2Y8. 

The  niethml  adopted  in  making  this  survey  has  been  to  run  a  base-line  on  each  side 
of  the  river,  and  connect  all  the  angles  by  a  system  of  trian^ulation.  The  instnimeute 
used  were  Gurley  transits  reading  to  minutes.  By  repetition,  the  angles  were  deter- 
mined t<)  the  nearest  10  seconds. 

The  shore-lines  of  the  river  and  the  details  of  the  topography  were  connected  by 
angles  and  measurements  to  the  base-lines.  All  side  surveys  oi  roads,  &.C.,  were  made 
by  running  transit-lines  by  angles  and  distances  from  the  base>liues. 

Soundings  across  the  river  were  taken  at  intervals  of  400  feet,  and  in  the  vicinity  of 
bars  and  shoals  at  shorter  intervals,  generally  100  feet,  and  reduced  to  the  lowest  stage 
of  water.  These  soundings  were  made  from  boats  rowed  directly  across  the  river, 
keeping  in  range  with  poles  set  upon  the  banks,  generally  at  right  angles  to  one  of 
the  base-line*.  The  points  w^here  these  ranges  cut  the  base-lines  were  accurately 
fixed,  and  the  boat  was  rowed  as  uniformly  as  possible  from  shore  to  shore.  The  dis- 
tance of  the  first  sounding  from  the  shore  was  noted  and  the  intermediate  ones  were 
equally  spaced.  They  were  taken  at  equal  intervals,  measure<l  by  a  certain  numl)er  of 
strokes  of  the  oars,  which  has  been  found  to  give  better  results  than  equal  intervals 
of  time. 

Sections  across  the  whole  valley  at  distances  of  from  1,200  to  2,000  feet  apart  were 
carefully  leveled  over,  all  intersections  with  roads,  streams,  «&c.,  being  noted,  and  the 
intervening  topography  carefully  sketched  in,  with  angles  to  the  more  prominent  ob- 
jects. 

Levels  were  taken  to  all  the  high  and  low  water  marks  that  could  be  found  and 
were  considered  reliable,  with  the  date  of  the  freshet. 

An  attempt  was  also  made  to  locate  the  crests  of  all  the  bars,  by  means  of  microme- 
ter hairs  in  a  tniusit  telescope  and  a  rcnl  used  as  a  telemeter.  Whenever  there  was 
found  a  distinct  and  perceptible  crest  it  has  been  located  upon  the  maps ;  but  in  many 
cases  there  appeared  to  be  no  distinct  continuous  crest  presenting  the  characteristic 
steep  slope  upon  the  lower  side  generally  seen  in  river-bars,  giving  them  rather  the 
character  of  shoals  than  proper  river-bars,  which  are  formed  from  the  material  carried 
along  the  bottom  by  the  current.  It  may  be  here  remarked,  that  all  the  bars  u[K>n  the 
river  below  Hartford,  as  well  as  those  between  Enfield  Dam  and  Holyoke,  are  of  the 
shoal  form,  and  do  not  present  the  steep  lower  side  above  referre<l  to. 

The  discharge  of  the  smaller  streams  running  into  the  Connecticut  has  been  mainly 
obtained  by  c<miputiug  the  greatest  and  least  quantities  flowing  over  the  dam  nearest 
to  the  mouth  of  the  stream,  together  with  what  is  used  by  the  factories.     The  greatest 
amounts  were  most  easily  obtained,  and  are  the  most  reliable,  as  there  is  generally  a 
good  reconl  of  the  highest  point  to  which  the  water  has  risen  upon  the  dam.    The 
least  quantity  is  often  indeterminate,  as  the  water  is  frequently  held  back  and  stored 
in  ponds  above,  so  that  during  a  portion  of  the  time  no  water  at  all  runs  in  the  bed  of 
the  stream.     The  factories  then  get  no  water  until  those  above  on  the  same  stream  are 
started.     In  such  cases  an  estimate  has  l>een  made  of  the  amount  of   water  used 
by  the  water-wheels  at  the  lowest  stage  during  running  hours,  and  this  quantity 
taken  for  the  discharge  in  twenty-four  hours.     When  no  other  method  ]>resented, 
the  best  possible  estimate  was  made  from  the  character  of  the  stream.    The  mean  dis- 
charge hjis  been  mainly  obtained  from  the  drainage  area  of  each  stream,  as  nearly  as 
can  be  ascertained  from  maps.    Five-eighths  of  the  average  amount  oi  rain-fall  has 
been  taken,  as  it  has  been  found  by  comparing  the  approximate  discharge  of  the  Con- 
necticut with  the  average  annual  amount  of  raiu-&ll  that  about  that  proportion 
2)asses  off  through  the  river. 

DESCRIPTION  OF  THE  RIVER. 

The  river  between  Hartford  and  Holyoke  can  be  divided  into  three  characteristic 
sections : 

1st.  From  Holyoke  to  Enfield  Dam,  a  distance  of  18.4  miles,  in  which  the  surface  at 
low-water  has  a  very  slight  inclination  and  the  water  is  generally  deep  and  with  a 
slow  cun*ent. 

2d.  From  Enfield  Dam  to  the  foot  of  Enfield  Rapids,  a  distance  of  5^  miles,  in  which 
the  water  flows  over  a  rocky  bed  of  steep  inclination. 

3d.  From  the  foot  of  Enfield  Rapids  tJo  Hartford,  a  distance  of  10.9  miles,  in  which 
the  river  runs  over  a  sandy  bottom  through  an  alluvial  formation  with  an  inclination 
greater  than  that  above  Enfield  Dam,  but  still  to  a  certain  extent  navigable. 

At  the  upper  end  of  the  8ur>'ey  the  river  flows  over  Holyoke  Dam,  a  sub8t>antial 
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ire  of  timber  bailt  upon  the  bed-rock  of  the  river^  having  an  average  height  of 
JOfeet. 

main  body  uf  the  dam,  which  was  built  in  1849,  consists  of  a  cob-work  of  square 
I  brought  up  in  layers.  The  timbers  lying  lengthwise  with  the  current  slope 
pstream  at  an  angle  of  2^  horizontal  to  1  vertical ;  they  are  laid  alternately 
itermediate  layers  of  horizontal  timbers  across  the  stream,  and  the  whole  is 
1  solid  with  8t<me. 

S9,  the  rock  in  front  of  the  dam  having  been  excavated  to  a  depth  of  25  or 
by  the  force  of  the  overflow,  a  cob- work  50  feet  wi<le,  forming  an  apron,  was 
4)  the  dam  to  strengthen  it.  It  is  com]>o8ed  of  round  timbers  6  feet  apart,  with 
*rstices  tilled  with  stone.  The  abutments  and  gates  are  of  good  workmanship, 
'  not  sufficiently  high,  and  are  in  danger  from  this  cause ;  the  water  in  1862 
risen  above  theiuasonry.  Below  the  dam  the  river  forms  a  ranid  for  al>out  2 
own  to  just  below  the  railroad-bridge  at  Willimansett ;  the  wtiole  fall  being 
8  feet. 

i  fomierlv  ascended  this  rapid  to  the  villages  of  Holyoke  and  South  Hadley, 
1  an  arti&cial  channel  at  the  lower  end,  near  the  west  bank,  and  passed  through 
tb  Uadley  Falls  Canal,  which  has  now  fallen  into  ruins,  not  having  been  used 
ly  years. 

iver,  over  the  rapids,  runs  between  high  banks  and  spreads  out  ver>'  little  over 
rs  at  high-water  until  it  reachcw  the  mouth  of  Chicopee  River.  It  then  over- 
le  m(;adows  at  high-water,  or  when  it  rises  to  a  little  more  than  half  the  height 
sme  freshets,  nearly  the  whole  distance  down  to  a  point  about  2  miles  above 
wnville.  There  are  contractions  of  the  banks  at  Chicopee  bridge,  Springfield, 
rowsic,  but  for  no  great  distance. 

the  point  about  2  miles  above  Thomfisonville  to  Enfield  Dam,  a  distance  of 
«,  the  river  is  confined  between  its  banks  at  all  stages  of  the  water,  and  this 
?Menta  the  most  available  place  for  gauging  the  volume  of  tlie  stri^am. 
Id  Dam  is  a  low  structure  at  the  head  of  the  rapids,  and  is  o]>en  in  the  middle 
feet,  which  was  intended  originally  to  allow  vessels  and  fish  to  pass ;  but  this 
as  been  filled  in  with  stone  to  snch  an  extent  as  to  prevent  the  passage  of  boats, 
tie  foot  of  the  rapids  below  Holyoke  to  Enfield  Dam  there  is  good  navigation, 
er  7  feet  of  water  in  the  channel,  except  at  the  fiats  near  the  mouth  of  Chico- 
er  and  at  Longmeadow  Flats,  about  half-way  between  Springfield  and  Thomp- 
K  At  the  former  place  there  is  but  4  feet,  and  at  the  latter  a  little  less  than 
t  extreme  low-water. 

?  shoals  do  not  appear  to  have  the  same  formation  as  the  bars  in  some  of  the 
kpid  portions  of  the  stream,  and  do  not  present  the  sharp  and  well-4lefined  crest 
is  produced  in  river-bars  by  the  motion  of  the  sand  along  the  bottimi.  They 
»  be  simply  flats  formed  by  the  widening  of  the  bed  of  the  river  between  the 
y  banks.  This  is  particularlj'  the  case  at  Longmeadow,  where  the  lied  of  the 
•>  low-water  is  2,000  feet  wide  and  keeps  nearly  this  width  for  al>out  a  mile. 
IwmI  of  the  stream,  from  Holyoke  Dam  down  as  far  as  the  f(H»t  of  the  rapids 
KVillimansett  bridge  is  mostly* rock.  From  that  point  to  Springfield  it  is  mainly 
id  graveL    For  2  miles  below  Springfield  it  has  a  more  muddy  character,  with 

of  rock  cropping  out  near  Pecowsic.     From  2  miles  below  Springfield  to  near 
sonviUe  the  bottom  is  again  sand  and  gravel,  and  from  this  last  point  to  Enfield 
le  liottom  is  rock. 
IS  this  portion  of  the  river  between  Holyoke  and  Enfield  Dam  are  the  following 

• 

•od  and  iron  tmss-bridge  at  Holyoke,  for  highway,  1,600  feet  long,  consisting  of 

ns  of  160  feet  ea<'h. 

oden  tniss-bridge  l>etween  Willimansett  and  Holyoke,  upon  the  Connecticut 

{ailroad,  750  feet  long,  with  five  spans  of  150  feet  each. 

fMlen  truss-bridge  at  Chicopee,  for  highway,  1,190  feet  long,  having  seven  spans 

feet  each. 

on  railroad-bridge  at  Springfield,  1,260  feet  long,  consisting  of  seven  spans  of 

; each. 

oden  tmss-bridge  for  highway,  at  Springfield,  1,200  feet  long,  with  six  spans  of 

;  each  and  three  spans  of  200  feet  each. 

>  bridges  are  all  built  upon  stone  piers ;  they  are  but  little  above  the  highest 

nd  have  no  draws. 

is  a  wire-rope  ferry  at  Willimansett,  just  below  Holyoke,  and  steam-ferries 
jw  Springfield,  at  PVcowsic,  and  at  Thompsonville. 
Holyoke  to  Chicopee  the  average  width  of  the  river  at  low-water  is  about  800 

CTiicopee  to  Springfield  the  average  width  is  about  1,000  feet,  and  from  Spring- 
ZnAela.  Dani  tiie  average  is  about  1,400  feet,  at  low-water. 
1  fre»bet»  the  river  remains  within  its  banks  down  to  the  mouth  of  the  Chico- 
:hen  spreads  out  over  the  meadows,  overflowing  its  banks  and  backing  up  the 
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cliannels  of  the  Chicopee  and  Westfield  Rivers,  covering  the  low  land  in  many  places 
for  over  a  mile  in  width. 

There  is  at  the  present  time  no  navic:ation  around  Holyoke  Dam.  Locks  of  16  by  80 
feet  are  provided  in  the  canals  of  the  Holyoke  Company  as  far  as  they  are  completed, 
and  as  tnis  company  has  assumed  the  franchise  of  the  old  South  Hadley  Falls  Com- 
pany they  would  probably  extend  the  locks  to  the  foot  of  the  falls  if  required  by  navi- 
gation. 

The  Enfield  Rapids  extend  from  Enfield  Dam  down  the  river  about  five  and  a  quarter 
miles^  the  sti^am  dividing  at  one  place,  about  midway  of  the  rapids,  into  two  branches 
around  Ling's  Island. 

Tlie  bed  is  rough  and  rocky,  and  the  river  runs  between  high  banks.  Around  these 
rapids  is  the  canal  of  the  Connecticut  River  Company,  mostly  used  at  the  present  time 
as  a  water-power;  but  it  is  provided  with  locks  19  feet  in  width  and  90  feet  between 
quoius,  through  which  there  is  still  some  navigation,  although  the  small  size  of  the 
locks  prevents  the  passage  of  such  boats  as  are  used  for  freighting  on  the  lower  por- 
tion of  the  river. 

There  are  two  bridges  over  these  rapids,  one  at  Enfield,  about  950  feet  long,  extend- 
ing over  the  river  and  canal,  in  six  spans  of  irregular  length.  This  is  an  old  and  dilap- 
idated wmxleu  structure.  The  other  is  the  iron  railway-bridge  over  the  river  and 
canal  at  Warehouse  Point,  consisting  of  one  span  of  177  feet,  twelve  spans  of  88|  feet, 
one  span  of  140  feet,  one  span  of  77  feet,  one  of  43  feet,  and  one  of  25^  feet ;  in  all, 
l,524i  feet. 

There  is  also  a  flying  ferry  between  Windsor  Locks  and  Warehouse  Point.  The 
average  width  of  this  part  of  the  river  is  about  1,100  feet. 

For  a  more  particular  description  of  this  part  of  the  river,  I  would  respectfully  refer 
to  my  special  report  upon  the  improvement  of  these  rapids,  dated  January  10,  1872. 
(See  Annual  Reiwrt  for  1872,  p.  840.) 

Oom  the  foot  of  Enfield  Rapids  to  Hartford  the  river  has  a  steeper  slope  than  above 
the  dam  at  Enfield,  and  has  in  consequence  a  somewhat  difierent  character.  Although 
it  receives  a  considerable  accession  of  volume  from  the  Scantic  and  Farminejton  Rivers, 
the  channel  is  shoaler  and  the  cross-section  smaller  than  above  the  rapids,  owing  to 
the  greater  velocity  of  the  current. 

The  bars  also  are  generally  of  a  different  character  from  those  above,  presenting  a 
flat  slope  upstream,  and  a  steep  declivity  downstream,  with  a  well-defined  crest,  as 
usually  seen  in  rivers  with  a  sandy  bottom  and  considerable  current. 

This  nart  of  the  river,  below  Red  Hill,  nearly  opposite  the  foot  of  the  canal  at  Wind- 
sor Locks,  flows  wholly  through  an  alluvial  formation.  The  banks  appear  to  be  nearly 
permanent  down  as  far  as  the  mouth  of  the  Scantic  River,  from  which  point  down- 
ward they  are  washing  and  caving  off"  to  some  extent.  For  al>out  two  miles  above  the 
railroml-bridge  at  Hartford  they  are  washing  very  badly ;  in  some  places  losing  prob- 
ably 30  or  40  feet  in  a  year. 

Between  Hartford  and  the  lower  end  of  the  canal  of  the  Connecticut  River  Company 
at  Enfield  Rapids  there  is  a  navigable  channel,  with  a  minimum  depth  of  about  4  feet 
of  water,  except  uj)on  the  bars.    There  are  five  bars  upon  this  portion  of  the  river,  >iz : 

Scantic  Bar,  at  the  mouth  of  the  Scantic  River,  seven  and  a  half  miles  above  Hart- 
ford, with  2.4  fe<^.t  of  water  at  the  lowest  water  as  the  bed  of  the  river  now  is. 

Strong's  Island  Bar,  six  and  a  half  miles  above  Hartford,  with  2.5  feet  at  the  lowest 
water. 

Fannington  or  Tunxis  River  Bar,  five  and  a  half  miles  above  Hartford,  with  2.4  feet 
at  the  lowest  water. 

Barber's  Landing  Bar,  three  and  two-thirds  miles  above  Hartford,  with  -iV  foot  of 
water  at  the  time  of  the  survey  in  July.  1873.  Dredging  was  done  here  immediately 
after,  which  increased  the  depth  to  2^  feet. 

Higlev's  Point  Bar,  one  and  three-quarters  miles  above  Hartford,  upon  which  there 
are  2.7  teet  at  the  lowest  wat^er. 

The  firat  three  of  the  above-named  bars  were  imi)roved  by  the  United  States  Govern- 
ment in  the  year  1871,  by  the  construction  of  wing-dams,  as  shown  on  the  maps.  They 
were  built  of  ripraj),  and  are  now  in  a  good  state  of  preservation.     In  the  summer 

S receding  the  building  of  these  wing-dams  the  depth  on  Scantic  Bar  was  1.2  feet ;  on 
trong's  Island  Bar,  1.3  feet,  and  on  Farmingt-on  River  Bar,  1.5  feet.  It  will  thus  be 
seen  that  they  have  materially  benefited  the  channel.  At  Barber's  Landing  Bar,  in 
the  siinie  season,  the  depth  was  one  foot,  or  about  what  we  find  it  by  the  present  sur- 
vey. The  bed  of  the  river,  from  the  foot  of  the  rapids  to  Hartford,  is  sand  and  gravel. 
No  rock  appears  at  the  surface,  although  in  some  places  it  must  be  quite  near  it,  as 
shown  by  the  borings.  The  width  of  the  bed  of  this  i>orti<m  of  the  river  averages 
about  1,400  feet.  At  Hartford  the  banks  are  much  contracted,  being  only  about  600 
feet  wide  opposite  the  New  York,  New  Haven  and  Hartford  Railroad  freight-house. 

At  the  lowest  stages  of  water,  upon  this  section  of  the  river  large  sand-banks  appear 
upon  the  sides  of  the  stream  within  the  bed,  so  that  the  width  for  a  great  pai't  of  the 
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!e  is  reduced  to  about  one-half  of  the  width  of  the  bed  between  the  ordinary 

In  some  places  it  is  only  500  or  600  feet, 
mes  of  the  nighest  freshets  the  water  overflows  the  meadows  on  either  side  and 
i  ont  in  some  places  to  a  width  of  one  and  a  half  miles^  and  has  an  average 
of  about  one  mile.  Near  the  mouth  of  the  Hockanum  River  there  is  a  very  de- 
:ontraction  of  the  high-water  section,  caused  by  the  embankment  running  to 
Ty  on  the  west  side  of  the  river,  the  extreme  width  at  this  place  being  1,900 


below  Hartford  there  is  a  shoal  called  Hartford  Bar,  upon  which  there  is  a  lit- 
r  6  feet  at  extreme  low  water.  This  was  improved  in  1871  by  building  a  wing- 
pihng  about  650  feet  long  from  the  west  bank,  and  by  dredgiuff  in  1871  and 
The  wing-dam  appears  tonave  but  little  influence  upon  the  deptii  of  water  in 
innel,  and  the  eflfect  of  the  dredging  is  but  temjiorary ;  it  benetits  the  channel 
or  two  seasons  only.  The  wing-dam  is,  however,  very  important  in  protecting 
ik  from  washing. 

e  are  two  bridges  upon  this  part  of  the  river,  both  at  Hartford.    One  is  the 

I  tmss-bridgeof  the  Hartford,  Providence  and  Fishkill  Railroad  1,200  feet  long, 

ven  spans  of  160  feet  each  and  a  draw  at  the  east  end  with  a  clear  opening  of 

The  other  is  the  Hartford  toll-bridge,  an  old  dilapidated  wooden  truss,  in 

subsequent  additions  barely  support  the  original  structure.     It  is  960  feet  long, 

five  spans  of  166  feet  each,  one  span  of  100  feet,  and  a  draw  at  the  west  end  of 

clear  opening.     This  latter  bridge  has  a  causeway  leading  to  it  across  the 

w  upon  the  flast  Hartford  side,  with  openings  to  increase  the  water-way.    The 

i-bridge  has  a  trestle-work  on  piling  across  the  overflowed  meadows. 

t  one  and  one-half  miles  below  the  central  part-  of  Hartford,  at  the  lower  end  of 

e,  is  a  steam  ferry  running  to  the  lower  part  of  East  Hartford.    There  is  also  a 

ferry  at  the  month  of  the  Scantic  River  between  Windsor  and  East  Windsor. 

• 

TIDES. 

lower  part  of  the  Connecticut  River  is  affected  by  the  tide  from  Long  Island 
At  Hartford  the  fluctuations  are  very  irregular,  being  modified  and  sometimes 
r  neutralized  by  the  wind.    They  are  generally  perceptible  when  the  water  is 
>  feet  at  Hartford. 

le  lowest  water  in  summer  the  tides  are  more  regular  and  average  about  10 
in  range.  The  effect  of  the  tides  at  low-water  is  not  generally  noticeable  at  the 
of  the  Scantic  River,  seven  and  one-half  miles  above  Hartfoni,  although  very 
des  at  low-water,  with  a  strong  southerly  wind,  are  |>erceptible  up  to  the  foot 
rapids  at  Windsor  Locks. 

THE  SLOPE  OF  THE  RIVER. 

height  of  Holyoke  Dam  at  the  ends  is  97.60  feet  above  low-water  mark  at  Hart- 
ll-bridge.  The  dam  is  lower  at  interme<liate  points,  so  that  at  low  stages  all  the 
n  discharged  at,  or  perhaps  below,  this  level  over  the  central  part  of  the  dam. 
w-water  slope  of  the  surface  in  the  following  table  commences  at  the  above 
as  the  water  flows  over  the  dam. 

Low-tcater  dope  from  Holyoke  Dam  to  Enfield  Dam, 


■ »                          -  ■  ■  ■  ■ 

IKstanoe  in  mOes. 

Fallin 
feet 

Fall  per  mile 
in  feet. 

20.00 
.60 

20.40 

8.90 

.70 

Vertical. 

6.000 

6a  000 

5.057 

,                .....•.•••••••••.••.••..■.............•................... 

.043 

50.60 

leigbt  of  Enfield  Dam  is  irregular  and  has,  as  before  stated,  an  opening  in  the 
At  the  lowest  w^ater  nearlv  or  quite  the  whole  volume  passes  through  this 
at  a  level  of  about  38  feet  apove  the  Hartford  zero.    The  average  level  of  the 
boat  one  foot  higher. 
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Low-water  slope  from  Enfield  Dam  to  the  foot  of  the  rapide. 


Distance  in  miles. 

Fall  in 
feet 

Fall  per  mil« 
in  feet 

Dam 

2  80 
0.40 
L40 
17.80 
3.40 

VerticaL 

.91 

7.033 

1.44 

.972 

1.48 

12.027 

1.42 

2.3M 

5.25 

3L80 

Low-water  slope  from  the  foot  of  Enfield  Bapide  to  Hartford, 


Distance  in  miles. 


3.54 
7.35 

10.89 


TtH  per  mile 
in  feet 


.480 
.612 


The  height  of  low-water  at  Hartford  is  zero  of  the  gange  at  the  toll-hridge,  and  is 
the  ba8e  of  all  the  levels  upon  this  survey.  The  highest  luiown  water  above  Holyoke 
Dam  was  found  to  be  110.60  feet  above  the  Hartford  low-water  mark,  or  13  feet  aboTe 
the  crest  of  the  dam  at  the  euds. 

The  high-water  slope  of  the  river,  as  determined  by  levels  to  the  best  authenticated 
high-water  marks,  is  as  follows : 

Highrwaier  slope  from  Holyoke  Dam  to  Enfield  Dam. 


Distance  in  miles. 

FaUin 
feet. 

Fall  per  mile 
1      in  ftH^t 

Dam 

29. 

11.10 
3.30 
3.90 

—  .50 

.50 

3.50 

5.50 

3.80 

Vertical. 

.20 

55.500 

L55 

2.129 

1. 49 

.§» 

2,07 

-.242 

.55 

.909 

1. 96 

1.837 

6.86 

.802 

.68 

5.588 

la  36 

60.20 

High-water  slope  from  Enfield  Dam  to  the  foot  of  the  rapids. 

Distance  in  miles. 

FaUiu 
feet. 

Fall  permik 
in  Teet. 

1. 78 

8.90 

a  70 

.00 

5.000 

L95 

4.462 

1.52 -- 

.000 

5.25 

17.60 

High-water  slope  from  the  foot  of  Enfield  Rapids  to  Hartford, 

Distance  in  mUes. 

Fall  in  feet. 

Fall  per  mile 
in  feet. 

3.  54 

• 

.60 
2.40 

.169 

7  35         .   -  

.327 

10.89    

aoo 
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ster  mark  at  Hartford  is  the  height  of  the  flood  of  1854,  the  highest 
I  is  taken  at  29.80  feet  above  the  zero  of  the  gauge.  There  are  two  places 
r  where  the  high-water  marks  appear  to  give  a  reverse  slope  to  the  sur- 
between  Chicopee  and  Springfielaf  where  the  upward  slope  amounts  to 

1  about  two  miles,  and  the  otner  is  at  the  foot  of  Entield  Kapids,  where 
as  called  level  in  the  previous  survey  of  £niield  Rapids,  and  is  so  re- 
fore^ing  tables. 

»f  this  apparent  anomaly  is  not  determined,  the  high-water  marks  being 
icated.     It  is  proposed  to  find  others,  if  possible,  to  verify  or  show  the 
already  obtained. 

STREAMS  FLOWING  INTO  THE  CONNECTICUT. 

ream  of  any  size  flowing  into  the  Connecticut  below  Holyoke  is  the  Chic- 
vhich  euters  on  the  east  side,  just  above  the  village  of  Chicopee.  It  is 
:<er-power  for  the  manufacturing  establishments  in  the  village.  Its  great- 
is  9,635  cubic  feet  per  second ;  its  mean  discharge  is  1,374  cubic  feet  per 
^ast  discharge  is  669  cubic  feet  per  second. 

tream  is  the  Agawam  or  Westfield  River,  which  enters  upon  the  west  side 
ngfield.    This  nas  many  factories  uiK>n  it  in  the  villages  through  which 

8  greatest  discharge  is  28,633  cubic  feet  per  second ;  its  mean  discharge  is 
?et  per  second  ;  its  least  discharge  is  500  cubic  feet  per  second. 

eutering  from  the  east,  through  the  lower  part  of  Springfield,  is  a  stream 
rtauce,  and  is  used  as  a  water-power  by  the  United  States  armory  and 
MTtories.  Its  greatest  discharge  is  899  cubic  feet  per  second ;  its  mean  dis- 
cubic  feet  per  second :  its  least  discharge  is  30  cubic  feet  per  second, 
•sic  Brook,  entering  the  river  about  one  mile  below  Springfield,  on  the  east 
ised  as  a  water-power  for  manufacturing  purposes.  Its  greatest  di.scharge 
feet  {»er  second;  its  mean  discharge  is  lb  cubic  feet  per  second;  its  least 
12  cubic  feet  per  second 

r  Brook,  entering  the  river  on  the  east  side,  through  Thompsonville,  is 
ater-power  by  tne  Hartford  Carpet  Companj\  Its  greatest  discharge  is 
eet  i>er  second ;  its  mean  discharge  is  18  cubic  feet  per  second ;  its  least 

9  cubic  feet  per  second. 

ook  entering  the  river  on  the  west  side,  opposite  Thompsonville,  is  also 
iter-power.    Its  greatest  discharge  is  200  cubic  feet  per  second ;  its  mean 

2  cubic  feet  per  second ;  its  least  discharge  is  1  cubic  foot  per  second. 

ok  enters  the  river  on  the  west  side,  opposite  King^s  Island,  about  two 
Windsor  Locks.  It  is  used  for  a  water-power.  Its  greatest  discharge  is 
feet  per  second ;  it  mean  discharge  is  43  cubic  feet  jier  second ;  its  least 
20  cubic  feet  per  second. 

iver  is  the  next  stream  of  any  size.  It  enters  the  river  seven  and  one-half 
Hartfoitl,  on  the  east  side,  and  has  a  number  of  mills  upon  it.  Its  greatest 
6, 1 16  cubic  feet  per  second ;  its  mean  discharge  is  139  cubic  feet  lujr  second ; 
harge  is  35  cubic  feet  per  second. 

ington  or  Tunxis  River  is  a  large  stream  entering  the  river  upon  the  west 
d  one-half  miles  above  Hartford.  It  is  used  extensively  as  a  water-jmwer 
a1  villages  through  which  it  runs,  and  is  quite  an  important  stream.  Its 
charge  is  24,375  cubic  feet  per  second  ;  its  mean  discharge  is  944  cubic  feet 
its  least  discharge  is  450  cubic  feet  per  second. 

I's  Brook,  opposite  the  mouth  of  the  Fanuiugton,  is  a  small  stream,  used  as 
rer.  Its  greatest  discharge  is  143  cubic  feet  per  second ;  its  mean  discharge 
et  iM»r  second  ;  its  least  discharge  is  3  cubic  feet  per  second, 
nk  River  enters  on  the  east  side,  about  two  miles  above  Hartfonl.  It  is 
ater-power  by  several  factories.  Its  greatest  discharge  is  342  cubic  feet  per 
mean  discharge  is  37  cubic  feet  per  second ;  its  least  discharge  is  8  cubic 
)nd. 

River,  which  runs  through  the  city  of  Hartford  and  enters  the  Connecti- 
vest  side,  is  used  as  a  water-power  by  mills  in  Hartford  and  several  places 
greatest  discharge  is  2,308  cubic  feet  per  second ;  its  mean  discharge  is  139 
>er  second ;  its  least  discharge  is  25  cubic  feet  per  second. 
;anum  River  enters  the  Connecticut  on  the  east<side  at  the  lower  end  of  the 
nt  one  and  one-half  miles  below  Hartford.  It  is  used  as  a  water-power,  and 
important  stream.  Its  greatest  discharge  is  6,167  cubic  feet  per  second ;  its 
arge  is  132  cubic  feet  per  second ;  its  least  discharge  is  60  cubic  feet  per 

BORINGS. 

rere  made  at  several  places,  as  marked  on  the  maps,  to  ascertain  the  depth 
in  the  bed  of  the  river.     The  tools  used  were  common  carpenters*  augers 
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of  1^  and  2  inches  diameter,  attached  to  a  rod  of  ^-inch  gas-pipe.  The  pipe  was  in 
lengths  of  8  feet,  with  threads  cut  upon  the  ends,  so  that  they  would  screw  into  an 
ordinary  wrought-iron  coupling  and  ahut  together  within  it  so  as  to  make  a  firm  joint 
and  give  an  exact  length  of  pipe  t>o  ser^'e  as  a  measure  of  depth.  The  head  of  the 
auger  was  also  fitted  with  a  corresponding  thread  to  screw  into  the  coupling. 

A  woollen  cross-handle  was  used  for  turning  the  auger  and  pipe  from  the  top.  This 
passed  through  an  eye  or  socket  with  a  short  stem,  upon  the  lower  end  of  which  was 
a  screw-thread  fitting  into  the  couplings. 

The  apparatus  for  withdrawing  the  auger  consisted  of  a  shears,  formed  of  three  poles 
lashed  together  at  the  top  and  provided  with  blocks  for  hoisting  out  the  rod.  Where 
the  ground  was  soft  these  poles  were  drawn  down  so  as  to  be  lorced  into  the  ground, 
so  that  a  lever  was  used  to  withdraw  the  rod  in  some  cases. 

This  apparatus  worked  very  well  when  the  au^er  was  withdrawn  sufficiently  often, 
but  it  was  difficult  to  impress  the  necessity  of  this  upon  the  assistants,  and  the  appa- 
ratus was  frequently  injured  by  the  sticking  of  the  auger  when  bored  too  far  to  draw 
easily. 

The  material  bored  through  was  also  in  some  cases  very  difficult.  In  many  places  a 
quicksand  filled  up  the  hole  as  fast  as  bored,  and  in  others  the  material  was  of  ^at 
hardness.  As  it  was  not  thought  of  sufficient  importance  to  go  to  the  expense  of  lining 
the  holes  with  pipe,  to  prevent  filling  in,  some  of  the  borings  were  abandoned  before 
reaching  the  rock.  It  is  believed,  however,  that  they  are  sufficiently  deep  to  show  the 
character  of  the  river-bed. 

Respectfully  submitted. 

Theo.  G.  Ellis, 

Civil  Engineer, 

General  G.  K.  Warrex, 

Major  of  EngineerSy  U,  S.  A. 

The  anomalous  rise  in  the  slope  of  the  river,  mentioned  in  the  foregoing  report.,  was 
further  investigat-ed  by  leveling  to  all  the  high-water  marks  that  could  be  found  in 
the  vicinity,  and  no  further  light  was  thrown  upon  the  subject.  The  new  marks  ol)- 
tained  were  either  too  unreliable  to  be  considered,  or  agreed  substantially  with  tho 
previous  ones  already  taken.  They  added  nothing  to  the  knowledge  of  tho  slope  pre- 
viously obtained. 

This  report  was  continued  in  1875,  embraeing  the  experiments  upon  the  volume  and 
laws  of  flow  at  different  stages  of  the  river,  as  follows : 

Hartford,  Conn.,  March  20,  1875. 

General  :  Having  learned  from  you,  on  February  6,  that  the  second  part  of  my  re- 
port upon  the  survey  of  the  Connecticut  River  between  Hartford  and  Holyoke,  with 
the  maps  and  drawings  therewith  submitted,  had  been  destroyed  in  the  train  burned 
between  New  York  and  Washington  in  January  last,  I  have  repnxluced  the  same,  add- 
ing thereto  some  notes  and  tables  relating  to  the  current  observations  that  it  was  sug- 
gested might  be  valuable  for  future  reference.  The  tables  relating  to  the  heights  and 
discharge  of  the  river  at  Hartford  have  also  been  brought  up  to  January  1,  1875,  in 
addition  to  what  was  before  given. 

The  record  of  the  experiments  at  Thompsonville  is  made  quite  complete,  embracing 
the  velocities  observed,  the  computed  areas,  widths,  slopes,  and  heights  of  the  water, 
as  determined  by  the  survey,  in  order  that,  although  somewhat  incomplete  in  them- 
selves, they  may  be  preserved  for  reference  and  comparison  with  other  observatioua 
taken  else w^ here. 

The  results  are  given  in  tabular  form,  so  that  they  can  be  readily  plotted  upon  sec- 
tion-pai)er. 

The  main  object  of  the  survey  having  been  the  detormination  of  the  character  of  the 
river-bed,  and  the  volume  of  the  discharge  at  Hartford  having  been  only  an  incidental 
part  of  the  operations,  must  account  for  any  deficiencies  in  the  hydraulic  observations 
as  a  matter  of  scientific  inquiry. 

OAUOINO  THE  RIYER. 

In  connection  with  the  improvement  of  the  Connecticut  River  for  the  past  three 
ye^rs,  the  height  of  the  wat^r  has  been  taken  daily  at  Hartford  by  the  gauge  at  the 
toll-bri<lge,  the  zero  of  which,  or  low-wat<ir  mark,  at  Hartford,  has  been  taken  as  the 
base  for  the  levels  of  the  Connecticut  River  surveys. 

.In  order  to  determine  the  discharge  from  these  readings,  the  ganging  of  the  river  at 
some  ]uni\t  as  near  as  practicable  to  Hartford  became  necessary.  At  and  below  this 
place  the  rise  and  fall  of  the  tide  is  such  as  to  prevent  accurate  measurements  of 
volume,  excei)t  at  high  stages  of  the  river.  The  elrect  of  the  tide  is  felt  at  times  as  far 
as  the  loot  or  Enfield  Rapids,  so  that  it  was  necessary  to  take  a  point  farther  up  the 
river  for  the  determination  of  the  discharge. 

No  locality  favorable  for  gauging  operations  presenting  itself  below  Enfield  Dam,  a 


tor  tne  same  neignt  oi  water,  ana  ne  less  suoject  to  vanauons  oi  quantity  at 
ne  stage  of  the  river  than  would  ordinarily  he  the  case  if  the  stream  did  not 
rge  90  freely  helow.    The  wide  channel  and  the  slow  current  for  some  miles  ! 

also  favors  this  position,  acting  as  an  equalizing  reservoir  to  give  a  regular  dis- 
,  and  to  free  the  part  oi  the  nver  chosen  for  exx)eriments  ft'om  pulsations.    It  i 

i  observc^d  also  from  the  plate  of  sections  submitted  that  the  part  of  the  chan-  | 

er  which  floats  were  run  is  of  nearly  uniform  area  and  form  of  cross-section,  | 

a  very  favorable  locality  for  float  experiments,  where  they  can  be  passed  very  ij 

0  the  bottom  without  touching.  './] 
w  the  main  position  chosen  lor  the  float-observations,  two  other  sections  were  i  \ 
;  one  across  the  smallest  sectional  area,  about  1,600  feet  below,  where  the  bottom  f 
:y,  and  another  where  the  bed  agaiu  deepens  near  the  Thompson ville  Ferry.  4 
sections  are  marked  B  and  C,  respectively,  on  the  map.  | 
\ie  upper  or  principal  position,  seven  parallel  sections,  50  feet  apart,  were  taken  ^ 
the  river-bed  as  nearly  as  possible  at  right  angles  to  the  current.  The  sound-  I 
ere  accurately  made  with  a  chain,  and  located  by  angles  from  the  shore.    The 

1  adopted  was  substantially  that  described  in  the  report  of  the  survey  of  the 
dppi  River  by  Humphreys  and  Abbot.  The  boat  carrying  the  soundiug-ehain 
•opped  slowly  down  the  stream,  and.  at  the  moment  of  crossing,  the  section  was 
jd  by  an  observer  stationed  with  his  telescope  upon  the  line.  The  chain  was 
ropped,  and  the  angle  taken  to  it  by  a  second  observer  on  the  shore.  All  the 
IS  were  carefully  sounded  in  this  manner,  so  as  to  give  as  nearly  as  x>ossible  the 
form  of  the  bottom. 

seven  sections  across  the  river  at  the  upper  or  main  position  covered  a  distance 
feet,  only  200  feet  of  which  was  used  at  one  time  for  the  float-observations. 

lats  were  first  run  over  the  five  lower  lines,  embracing  the  lower  200  feet,  as  the 
was  high,  and  the  base  of  this  part  was  above  the  highest  wat^er  likely  to  occur. 
3  water  fell,  however,  the  floats  were  run  over  the  upper  200  feet,  which  pre- 
[  a  little  more  uniform  bottom  than  is  found  at  the  two  lower  section-lines.  The 
of  these  positions  is  called  F,  and  the  upper  one  G,  on  the  maps.  The  obs^rva- 
t)y  cnrrent-meter  were  in  all  cases  taken  upon  the  middle  section,  over  which 
were  run. 

he  two  lower  positions,  marked  B  and  C  on  the  map,  only  one  line  of  soundings 
aken  at  each  place  in  the  manner  before  described,  and  on  these  sections  the 
rations  were  all  taken  with  a  current-meter.  The  general  survey,  as  shown  on 
a|>ft,  gives  the  form  of  the  bottom  above  and  below  these  sections  with  sufficient 
*cy,  and  shows  that  it  is  nearly  uniform  for  some  distance  above  and  below 
tile  observations  were  taken.  These  surveys  aud  the  subsequent  gaugings  were 
4e  by  Mr.  Charles  L.  Burdett,  civil  engineer,  and  party  of  four,  who  nave  afio  been 
ye<l  part  of  the  time  upon  other  surveys  and  work  in  connection  with  the  im- 
ment  of  the  Connecticut  River  below  Hartford. 

THE  APPARATUS  USED. 


I* 
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hereut  defect  of  registering  the  force  of  the  current  only  at  a  given  instant  of  time, 
rendering  it  difficult  to  obtain  the  mean  velocity  for  any  required  period. 

The  first  two  seem  to  be  the  only  instruments  that  have  been  used  to  obtain  the 
mean  velocity  of  a  lar^  river  with  any  considerable  degree  of  accuracy;  and  it  it  to 
these  only  that  attention  has  been  given  in  gauging  the  Connecticut. 

Each  of  the  two  methods  of  measuring  velocities,  with  the  double  floats  and  the  cur- 
rent-ineter,  has  its  peculiar  advantages  and  defects,  which  it  is  well  to  consider,  with 
a  view  to  avoid,  if  possible,  errors  incident  to  the  use  of  either  that  experience  has 
shown  to  exist. 

Double  floats,  all  things  considered,  have  proved  to  be  the  most  reliable  means  of 
measuring  subsurface  velocities  where  a  sufficiently  uniform  channel  can  be  found  in 
which  to  use  them.  The  apparatus  is  cheap  and  simple,  and  the  results  apparent,  ad- 
mitting of  no  unperceived  large  error.  It  can  be  used  at  all  velocities,  measuring 
accurately  even  the  smallest  currents;  and  the  best  experiments  and  data  known  in 
river  hydraulics  have  been  made  with  it. 

The  errors  and  uncertainties  of  this  system,  as  generally  used,  appear  to  be : 

The  resistance  of  the  sui^oce-float  ana  connecting  cord,  and  their  influence  upon  the 
velocity  of  the  lower  float. 

The  small  sinking- weight  of  the  lower  float,  and  consequent  slight  tension  that  can 
be  obtained  upon  the  connecting  cord,  without  a  too  great  increase  in  the  size  of  the 
upper  float.  This  weight  must  he  sufficient  to  prevent  the  lower  float  from  drifting 
upward  in  whirls  and  eddies,  and  the  cord  from  oeing  drifted  out  of  line  by  intermedi- 
ate currents  of  diffierent  velocities,  otherwise  we  cannot  know  the  depths  at  which  the 
lower  float  runs. 

The  tipping  of  the  lower  float  forward,  or  backward,  by  the  draught  of  the  upper 
float  and  cord,  which  alters  its  horizontal  resistance,  and  increases  tne  liability  to  be 
carried  upward  in  eddies;  as  the  annular  lower  float  then  presents  a  greater  surface 
to  the  upward  current. 

The  uncertainty  of  the  position  of  the  lower  float,  with  respect  to  the  upper  or  ob- 
served float. 

The  fact  that  the  submerged  float  measures  the  velocity  of  only  one  point  in  the 
stream,  which  may  be  at  the  maximum  or  minimum  of  the  usual  variations  and  im- 
pulses. 

And,  lastly,  the  lower  float  cannot  be  run  close  to  the  bottom,  except  in  regnlar 
channels;  the  depth  of  the  float  being  limited  by  any  irregularity  in  the  depth  oi  the 
stream. 

Most  of  the  above-named  uncertainties,  however,  can  be  avoided  with  proper  appa- 
ratus in  a  regular  channel. 

The  advantages  of  the  method  of  measuring  the  velocity  with  a  current-meter  are: 

The  observations  can  be  taken  all  on  one  section,  and  do  not  require  a  continnoos, 
regular  channel. 

They  can  be  taken  more  rapidly  than  floats. 

They  average  the  variations  of  velocity  during  the  time  of  the  observations. 

They  can  be  taken  close  to  the  bottom. 

This  method  aL»o  admits  of  a  rapid  and  easy  way  of  obtaining  the  mean  velocity  in 
any  vertical  plane  by  one  observation. 

The  ])rincipal  defects  of  this  system  of  measuring  velocities  are  as  follows: 

The  current-meter  is  difficult  to  rate  with  the  exactness  required  for  accurate  obser- 
vations ;  unless  correctly  rated  by  an  experienced  and  competent  observer,  and  unless 
the  wheel  is  of  a  form  not  liable  to  have  its  rate  affected  by  slight  accidents,  the  in- 
strument has  little  or  no  scientific  or  practical  value. 

Tlie  resistance  and  friction  is  irregular  in  water  containing  sediment. 

Low  velocities  cannot  be  registered,  and  the  movement  oi  the  wheel  becomes  irreg- 
ular before  actual  stoppage  occurs. 

The  indexes  only  register  full  revolurions  which  may  be  of  several  feet  pitch. 

Floating  substances,  such  as  leaves  and  straws,  are  liable  to  catch  upon  the  wheel 
and  impede  its  action. 

Vertical  and  propeller  wheels  do  not  take  the  exact  direction  of  the  current,  but 
stand  a  little  off  to  one  side,  on  account  of  the  head  pressure,  until  the  tail  is  turned 
so  as  to  have  a  sufficient  lateral  pressure  or  resistance  to  maintain  its  position. 

In  deep  water  there  is  considerable  difficulty  in  connecting  and  disconnecting  the 
register  at  the  exact  time  desired. 

In  addition  to  the  above  a  great  many  current-meters  are  of  faulty  oonstmction,  so 
that  they  have  been  regarded  by  many  eminent  hydraulic  engineers  rather  a«  pretty 
toys  than  as  scientific  instruments.  Some  of  the  more  common  errors  of  construcHon 
are :  Making  the  gearing  of  the  regist-er  shut  on  to  the  worm  of  the  wheel-shaft  by  a 
positive  motion ;  using  differential  wheels  on  the  same  worm,  which  is  liable  to  split 
two  teeth  apart  which  should  remain  together,  and  thus  vitiate  the  reading  of  the 
index  by  one  whole  turn  of  the  lesser  wheel ;  and  making  the  vanes  of  the  measuring- 
wheel  exposed  in  such  a  way  that  they  can  be  bent  or  have  their  angle  changed  by  any 
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9li^ht  accident  or  pressure.  It  is  believed,  however,  that  with  proper  construction 
conent-met^rs  are  very  valuable  instruments  for  detenniuinff  the  subsurface  velocities 
of  rivera,  and  in  many  cases  are  the  most  accurate  and  expeditious  means  of  gauging 
stresms.  The  advantages  and  defects  of  each  of  these  two  methods  of  measuring 
Tekxrities  have  been  carefully  considered,  and  an  effort  has  been  made  to  use  each  of 
them  in  the  best  manner  practicable,  and  to  avoid,  as  far  as  possible,  the  objections 
that  have  been  made  to  them. 

In  the  gauging  of  the  Coimecticut  at  Thompsonville,  both  floats  and  meters  have 
been  used  with  satisfactory  results ;  and  as  the  apparatus  differs  somewhat  from  the 
Bkoie  common  forms,  a  short  description  will  be  ^ven  of  it. 
The  requisites  of  a  good  double-noat  are  conceived  to  be  as  follows : 
The  subsurface-float  must  have  as  great  lateral  resistance  as  practicable,  and  it  must 
be  equal  in  all  directions,  on  account  of  the  rotation  of  the  float.  It  must  have  a  very 
aaall  vertical  resistance,  to  prevent  its  being  lifted  by  rising  currents,  or  drawing  down 
the  surface-float  by  downward  currents.  It  must  have  sufficient  stability  of  flotation 
in  itself  to  always  stand  upright  when  in  the  water.  It  must  not  be  drawn  out  of  a 
Twtieal  position,  by  the  cord  to  the  surface-float.  It  must  have  a  sufficient  preponder- 
aace  of  weight  to  prevent  its  floating  upward  in  eddies,  and  to  keen  the  coimectiug- 
eoid  practically  vertical,  but  not  to  increase  the  size  of  the  surface-float  beyond  what 
18  absolutely  necessary  for  this  purpose. 

The  surface-float  should  be  as  ught  as  possible,  proportionally  to  its  volume.  It 
ihonld  be  as  small  as  practicable,  and  sustain  the  required  weight  of  the  subsurface- 
iloat,  and  its  form  must  be  such  as  to  ofler  a  minimum  of  resistance  to  motion  from 
both  the  water  and  wind. 

The  connecting-cord  should  be  the  smallest  that  can  be  obtained  with  the  requisite 
strength  and  flexibility. 

The  subsurface-float  adopted  for  experiments  upon  the  cuirents  in  the  Connecticut 
River  was  a  hollow  annulns  of  tin  B^  inches  high,  8|  inches  outside  diameter,  and  7^ 
inches  inside  diameter^  leaving  a  cylindrical  ring  of  -^  inch  in  thickness  and  S^  inches 
in  height. 

Two  brass  wires  were  soldered  across  the  bottom,  at  right  angles  to  each  other,  and 
two  others  inside,  half-way  to  the  top,  so  that  their  intersection  was  at  the  center  of 
figure  of  the  float.  These  floats  required  about  20  ounces  of  lead  to  pust  sink  them, 
and  they  were  further  loaded  with  8  ounces  preponderance.  This  weight  was  placed 
npon  the  lower  cross-wires  and  firmly  secured,  being  about  4  inches  below  the  center 
«  flotation,  which  gave  the  whole  float  sufficient  stability.  The  extra  8  ounces  would 
give,  when  submerged,  7.3  ounces  tension  upon  the  oorA ;  but,  with  the  wire  used  in 
attaching  the  weight,  it  was  found  to  be  8  ounces  when  measured  in  the  water. 

The  suspending  cord  was  attached  to  the  float  at  the  middle  cross- wires,  so  that  there 
ihoald  be  no  tendency  to  tip  the  float  when  the  oord  was  not  vertical. 

The  Hurface-float«  were  tin  ellipsoids,  of  6  inches  diameter  and  li  inches  in  thickness. 
They  were  fitted  with  a  cork  on  top  for  holding  a  small  wire  and  flag,  and  at  the  bot- 
tom'they  were  furnished  with  an  e^'^e  for  the  cord.    The  flotation-power  of  these  elUp- 
soids  w^  about  11  ounces  in  addition  to  their  own  weight  of  4  ounces. 
The  diameter  of  the  connecting-rod  was  .036  of  an  inch. 
Two  current-meters  have  been  used  at  diflerent  times. 

TTie  first  was  a  propeller-meter,  an  improved  Waltman  tachometer,  made  by  Secre- 
tan,  of  Paris,  France,  about  18  inches  long,  with  a  screw-propeller  wheel  3^  inches  in 
diameter  and  about  5  inches  pitch.  The  wheel  turns  a  horizontal  axis,  provided  with 
a  worm,  which  gears  into  a  toothed  wheel  indicating  100  revolutions;  wnich  latter,  by 
Bwans  of  a  pinion  on  its  axis,  turns  another  wheel  which  indicates  hundreds  up  to 
1,000  revolutions.  Tliese  wheels  are  carried  in  a  frame  which  moves  them  off"  and  on 
to  the  worm  alternately,  by  pulling  upward  upon  a  cord  attached  to  a  lever  which 
rHxiils  by  means  of  a  spring.  When  first  purchased  some  years  ago  this  instrument 
moved  the  registering  wheel  on  to  the  worm  by  a  cam,  or  positive  motion,  and  off  by  a 

r'lig.  This  is  the  usual  construction,  but  is  very  faulty:  as  the  point  of  a  tooth  of 
wheel  sometime*  strikes  upon  the  edge  of  the  thread  oi  the  worm,  which  not  only 
stops  the  wheel  from  revolving,  but  when  under  water,  where  the  force  of  the  pull 
npon  the  cord  cannot  be  graduated  nor  the  effect  seen,  the  gearing  is  soon  seriously 
damaged.  This  defect  was  remedied  by  making  the  irame  carrying  the  register  tJo 
posh  off  from  the  worm  by  a  cam  and  press  on  to  it  by  means  of  a  sprmg. 

This  meter  was  carefully  rated  in  1^0,  and  again  tested  in  June,  1874,  when  its  rate 
was  found  to  remain  unchanged. 

TTie  rating  was  done  in  the  following  manner :  A  16-feet  Whitehall  boat  was  fitted 
with  a  hinged  frame  or  bowsprit  extending  out  a  little  more  than  5  feet  from  the  bow 
of  the  boat.  At  the  outer  end  a  piece  of  gas-pipe,  three-fourths  of  an  inch  in  diameter, 
patted  through  it  vertically  into  the  water  and  was  held  in  place  by  a  k^.  Upon  the 
lower  end  of  thi»  pip©  ^^^  instrument  was  fixed  so  as  to  rotate  freely.  The  whole  ap- 
paratus c^uJd  turn,  upward  and  over  into  the  boat  for  adjustment  and  reading  the 
Qidezes.     The  meter  ^was  thus  suspended  about  5  feet  in  front  of  the  boat,  and  1  foot 
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or  more  below  the  keel.     By  placing  floating  objects  in  the  water  and  fixing  the  hair 
of  a  t^lescxipe  upon  them  while  the  boat  approached,  this  position  was  foimd  to  be 
beyond  the  influence  of  the  pushing  effect  of  the  boat  upon  tne  wat<ir.     A  base  line  200 
feet  long  was  measured  upon  the  shore,  and  right  angles  established  at  the  ends  by 
means  of  flag-poles,  forming  ranges  200  feet  apart.     Through  this  distance  the  boat 
was  drawn  by  a  line  from  the  shore  at  uniform  rates  of  spe«d  from  about  four-tenths 
of  a  foot  a  second  to  9  feet  per  second,  and  the  number  of  revolutions  and  the  time 
between  the  two  ranges  noted.    These  observations  were  reduce4  to  the  number  of 
revolutions  per  second  and  the  number  of  feet  per  second  and  plotted  as  co-ordinates 
upon  section-paper.    A  mean  line  was  then  drawn  through  these  points,  and  a  formula 
computed.     It  was  found  that  between  the  limits  of  .7  of  a  foot  and  9  feet  the  number 
of  feet  i)er  second  was  exactly  five-thirteenths  of  the  number  of  revolutions  per  second 
plus  .25. 
If /=  number  of  feet  per  second,  and  n  =  number  of  revolutions  per  second,  then— 

/  =  T^»-|-.25        (1) 

As  in  this  form  of  meter  «,  or  — ,  when  N  represents  the  total  number  of  revolutions 

« 

in  (  seconds,  is  a  variable  quantity  requiring  some  time  and  trouble  to  compute  for  a 
large  number  of  observations,  it  becomes  desirable  to  put  this  expression  in  a  form 
more  easy  of  computation.  This  is  done  by  multiplying  the  above  equation  (1)  by  100, 
and  dividing  the  fraction.    We  then  have : 

100/  =  38.5  n  +  25        (2) 

It  will  be  observed  that  38.5  n  will  be  the  number  of  revolutions  in  38^  seconds.  If, 
therefore,  we  run  the  meter  38^  seconds,  add  25  to  the  number  of  revolutions  shovn 
on  the  dial,  and  point  off  two  places  of  aecimals,  it  will  give  the  feet  per  second.  This 
was  generally  done,  and  the  result  set  down  at  once  opposite  the  number  of  revolu- 
tions. This  meter  has  a  very  short  pit<jh  and  quick  motion,  so  that  the  number  of 
revolutions  is  always  greater  than  the  number  of  seconds.  If  the  observation  be  con- 
tinued a  certain  number  of  seconds  the  inaccuracy  of  recording  only  whole  revolutions 
is  very  small.  Tliis  meter  was  used  chiefly  with  the  higher  velocities,  as  it  ceased  to 
register  accurately,  and  in  exact  conformity  with  the  formula,  below  seven-tenths  of  a 
foot  per  second. 

The  second  current-met«r  used  was  one  constructed  especially  to  avoid  some  of  the 
diflficulties  usually  encountered  with  such  instruments.  It  was  desired  to  get  less  fric- 
tion, so  as  to  measure  low  velocities,  to  avoid  catching  floating  substances,  such  as 
leaves,  grass,  &c.,  and  to  eliminate  the  error  consequent  ux>on  not  standing  exactly  in 
the  line  of  the  current. 

In  order  to  have  as  little  friction  as  possible,  the  apparatus  was  made  to  record  by 
breaks  in  an  electric  circuit,  and  the  train  of  wheels  was  dispensed  with.*  The  meas- 
uring-wheel was  made  to  run  horizontally,  so  as  to  support  its  weight  by  the  end-frio- 
tion  of  one  of  the  bearings.  This  horizontal  position  also  eliminated  the  error  of  direc- 
tion, as  the  frame  C4)uld  stand  at  any  angle  to  the  stream  without  affecting  the  results. 
To  avoid  catching  floatius  objects,  a  peculiar  form  of  wheel  and  supportiug-fiTime  was 
adopteid.  Each  vane  of  tne  wheel  consisted  of  a  hollow,  conical  end,  with  two  tangen- 
tial planes  joining  it  to  the  axis,  so  that  each  arm  or  vane  presented  a  sharij  edce  on 
the  back,  and  an  open,  flaring  face.  The  central  hub  was  made  tapering  towards  the 
ends,  and  the  ends  of  the  supporting  frame  were  partially  inclosed  within  it,  so  that 
any  object  striking  the  axis  could  slide  oft*  easily. 

Upou  one  arm  of  the  frame  which  carries  the  wheel,  an  insulated  wire  was  passed 
through  eyes  and  a  hard-rubber  box  to  near  the  hub  of  the  wheel,  when  it  ended  in  a 
coil  of  fine  platinum  wire.  This  came  in  contact  at  each  revolution  with  a  loopof 
platinum  wire  on  the  hub,  and  formed  the  connection  and  break  in  the  circuit.  The 
central  bearings  and  tail  of  the  machine  were  of  ordinary  construction,  except  that 
provision  was  made  to  turn  the  wheel  vertical  for  measuring  close  to  a  vertical  wall, 
as  in  a  canal,  when  desired,  or  at  any  required  angle. 

The  registering  apparatus  of  this  meter  consisted  of  an  electro-magnet,  the  arma- 
ture of  which  was  connected  by  a  lever  with  the  escapement  of  a  train  of  clock-work, 
driven  by  a  spring.  This  had  all  the  adjustments  usual  in  telegraphic  sounders.  The 
train  was  provided  with  three  dials  recording  units,  hundreds,  and  thousauils,  up  to 
10,000. 

This  register  was  arranged  in  a  box  and  provided  with  a  switch  to  connect  or  dis- 
connect the  current.  The  dials  were  read  through  a  (^lass  in  the  top ;  the  handle  to 
the  switch  and  the  screw-sockets  for  the  connecting  wires  beiug  outside  of  the  box. 

The  Grenet  battery  was  chosen  for  these  experiments,  mainly  on  account  of  the  form 
of  the  jar  being  so  suitable  for  use  in  a  boat  without  danger  of  spilling  the  contained 

*  A  telegraphic  current-meter  was  first  used  by  D.  Farrand  Henr>-,  esq.,  civil  engi- 
neer, of  Detroit,  upon  the  United  States  lake  survey,  and  to  whom  the  writer  is 
much  indebted  for  valuable  suggestions  in  the  use  of  the  instniment.  A  full  descrip- 
tion of  Mr.  Henry^s  meter  will  be  found  in  the  Journal  of  the  Fninklin  Institute,  vol- 
ume LXI. 
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llnjd    In  practice  it  proved  all  that  could  be  desired.    The  facility  with  which  the 

power  can  oe  regulated  by  the  greater  or  less  imuiersion  of  the  zinc  plate  is  one  of  its 
chief  advantagcH  in  such  experiments;  and  the  absence  of  all  fumes  avoids  injuiy  to 
the  apparatus  and  inconvenience  to  the  observers.  The  jar  used  was  of  about  5*2  fluid 
oimc«  capacity.  It  was  charged  with  a  fluid  composed  of  3  ounces  of  bichromate  of 
potassa,  3  ounces  of  sulphuric  acid,  and  24  ounces  of  water. 

This  battery  was  fitted  in  a  l)ox,  to  the  top  of  which  was  attached  the  register,  con- 
ttocted  by  the  pro|>er  wires.  When  transported  the  plates  of  the  battery  were  taken 
out  of  the  jar  and  placed  in  a  separate  receptacle  in  the  box.  This  is  easily  done,  as 
thfcv  are  attachcnl  to  the  brass  cover  of  the  jar.  When  closed  up,  the  whole  a)>))aratus 
was  7  by  II  by  12  inches  in  size,  and  was  easily  carried  by  means  of  a  leather-strap 
handle. 

Connecting  w^ith  the  meter  were  one  insulated  wire  and  one  fine  plain  copper  wire. 
The  plain  wire  was  wound  around  the  insulated  wire  in  long  turns,  so  as  to  form  one 
oc«d  with  it,  and  the  whole  was  wound  upon  a  reel.  The  inner  end  upon  the  reel  was 
bioogbt  outwardft,  and  the  two  wire*  attached  to  the  battery  and  register  by  screw- 
sockets  upon  the  boxes.  The  other  ends  were  attached  to  the  meter.  The  insulated 
wire  was  hooked  to  a  similar  piece  of  wire  carried  along  one  of  the  arms  to  the  wheel, 
and  the  other  was  fastened  into  a  socket  in  the  frame  oy  means  of  a  set-screw.  The 
joint  in  the  iuHulated  w^ire  was  covered  with  a  piece  of  small  nibl)er  tube. 

This  current-meter  was  carefully  tested  and  rated  in  June,  1874,  at  the  same  place 
and  in  the  same  manner  as  the  first  one,  except  that  it  did  not  require  to  be  taken  from 
Ihe  water  to  read  the  number  of  revolutions,  which  were  registered  on  the  dials  in  the 
boat.  The  observations  were  reduced  to  the  number  of  revolutions  i)er  second,  and 
to  the  feet  per  second,  and  plotted  upon  section-paper  as  before  described.  A  line  was 
then  drawn  through  these  points  and  the  formula  for  the  rate  ascertained  to  be  as 
IdUowb: 

/  =  the  number  of  feet  per  second. 

a  =  the  number  of  revolutions  per  second. 

N=z  the  total  number  of  revolutions. 

t  =z  tne  total  time  in  seconds. 

200 
/=^«  +  .02  (1) 

This  can  be  put  in  a  more  convenient  form  for  computation,  as  follows : 

JV     ,        .       200      iV       _ 
n  =  ^;  then  /  =  ^^  X  y  +  .02 

If  we  run  the  meter  53  revolutions,  and  note  the  time  ff  we  shall  have — 

/  =  200Xp+.02  (2) 

TTuii  value  of  /  is  easily  found  by  taking  the  reciprocal  of  f  ftx)m  the  table  of  recip- 
rocals nsuaUy  found  with  tables  of  squares  and  cubes,  multiply  by  200  and  add  .02, 
which  is  a  very  simple  operation. 

This  formula  is  made  to  depend  upon  the  number  of  seconds  in  a  complete  number 
of  revolutions,  rather  than  the  number  of  revolutions  in  a  certain  number  of  seconds, 
as  with  the  previously  described  meter,  because  of  the  long  pitch  of  the  wheel,  which 
win  be  seen  fi^m  the  first  formula  above  to  be  about  one  turn  in  4  feet.    This  would 

Snire  a  very  long  observation  to  insure  accuracy,  if  the  number  of  revolutions  were 
en  in  a  fixed  time. 

At  a  velocity  of  1  foot  per  second,  one  revolution  of  the  wheel  takes  about  four  sec- 
(mds.  We  should  therefore  be  obliged  to  continue  the  observation  four  times  as  long 
to  get  the  same  accuracy  if  we  took  the  number  of  revolutions  in  a  given  number  of 
seconds  as  we  should  if  we  took  the  number  of  seconds  ifi  a  given  number  of  revolu- 
tkms. 

With  the  other  current-meter  the  case  is  just  the  reverse.  The  i)itch  of  the  screw  is 
ihort,  making  at  a  velocity  of  1  foot  per  second  about  two  and  a  half  revolutions  per 
second,  and  more  at  higher  velocities.  Greater  accuracy  in  this  case  is  therefore  ob- 
tained by  taking  the  number  of  revolutions  in  a  certain  number  of  seconds,  aud  the 
fonnnla  is  arranged  accordingly. 

The  obeer\'ation8  with  the  current-meters  were  made  from  an  anchored  boat.  This 
boat  was  provided  with  a  spring  plank  secured  to  one  of  the  forward  thwarts  and 
pMswi  over  a  frame  resting  upon  another  thwart  about  amidships,  so  that  the  end 
wonkJ  reach  a  little  over  the  stem.  At  the  end  of  this  plank  was  a  pulley  over  which 
the  standing-line,  ujion  which  the  meter  was  nm  up  and  down,  was  passed  and  then 
secnrpd  to  a  cleat  on  the  plank. 

Thiii  line  wa.s  anchored  at  the  bottom  by  a  cast-iron  wheel,  weighing  about  forty 
Pwntb,  which  lay  fla*  ^^  ^^®  bottom  of  the  river  and  allowed  the  meter  to  descend 
fi«e  to  it.     The  line  'was  drawn  tight,  so  as  to  spring  the  plank  somewhat  aud  bring 
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a  sufficient  strain  on  it  to  prevent  too  much  sag  down  stream  by  the  current.  The 
motion  of  the  boat  was  taken  up  by  the  play  of  the  plank,  so  as  not  to  disturb  the  hne. 
The  meter  was  raised  and  lowered  upon  this  standmg-line  by  a  fine  chain  marked  to 
feet,  which  passed  over  a  smallel*  pulley  near  the  end  of  the  plank  on  the  under  side, 
and  by  which  the  depth  of  the  water  was  alwavs  correctly  known. 

The  instrument  was  placed  u{>on  a  piece  of  lead  pipe  about  15  inches  long,  corre- 
sponding in  size  with  the  pipe  upon  which  it  was  rated,  and  through  whirh  the  stand- 
ing-line was  passed.  At  the  bottom  of  this  lead  pil>€  was  a  circular  disk  of  lead  to 
give  sufficient  sinking  forc^e,  the  whole  weighing  3|  pounds ;  the  hoisting-chain  was 
attached  to  the  upper  end  of  the  lead  pipe,  the  first  foot-mark  of  the  chain  being  1  foot 
above  the  center  of  the  meter-wheel.  This  arrangement  was  adopted  aft^^r  consider- 
able previous  experience  in  using  these  meters,  and  has  proved  very  convenient  and 
easily  managed.  Wire  and  w4re  cord  were  tried  for  the  standing-line,  but  they  are 
unfit  for  numerous  experiments  in  rivers,  unless  of  great  deT>th  and  strength  of  current, 
from  their  want  of  flexibility,  and  from  their  kinking  and  breaking  when  secured  to 
the  boat. 

With  the  Secretan  current-meter  a  fine  line  of  .023  of  an  inch  diameter  was  used  to 
connect  and  di8cx)nnect  the  register.  Wlien  the  electric  apparatus  was  used,  the  con- 
necting-wire was  allowed  to  drift  down  stream  while  the  instrument  was  in  use, 
enough  being  let  out  to  allow  the  met^r  to  reach  the  bottom ;  it  could  then  l)e  raised 
or  lowered  to  any  position  and  read  without  disturbing  the  wire  or  register.  This 
latter  was  placed  in  the  stem  of  the  boat,  where  it  could  be  readily  seen  and  heaitL 

THE  METHOD  OF  GAUGING. 

In  gauging  the  river  at  Thompsonville,  the  greater  part  of  the  observations  were 
ma4:le  in  vertical  planes,  from  the  surface  to  the  bottom,  taking  the  velocity  at  every 
foot  in  depth.  These  planes  were  taken  as  near  as  practicable  at  100  feet  distances 
across  the  river. 

The  floats  were  run  as  near  the  bottom  as  possible,  generally  increasing  the  depth 
until  the  lower  float  grounded  on  some  part  of  its  course.  In  the  middle  portion  of 
the  river,  the  great  uniformity  of  depth  at  the  place  where  the  observations  were  made 
permitted  the  floats  to  run  quit«  near  to  the  bottom :  but  near  the  banks,  where  the 
slope  was  encountered,  the  current  would  rarely  follow  a  uniform  depth,  but  would 
drift  the  floats  against  the  bottom  at  some  part  of  their  course,  making  it  impractica- 
ble to  obtain  the  bottom  velocity  with  exactness  in  this  portion  of  the  river. 

The  floats  were  started  on  ranges  so  as  to  take  each  vertical  series  of  subsurface 
velocities  as  nearly  as  possible  in  the  same  vertical  plane,  at  a  given  distance  from  the 
base.  They  varied  somewhat  from  the  same  exact  course,  owing  to  slight  variations 
in  the  direction  of  the  current  at  different  times  and  at  different  depthis ;  but  all  the 
distances  out  were  taken  by  angles  at  the  u])per  and  lower  sections  across  the  river, 
and  the  mean  distance  out  has  been  taken  for  the  position  of  the  vertical  plane  of 
velocities. 

When  the  velocities  were  measured  with  the  current-met^r  they  were  likewise  taken 
at  about  100  feet  intervals  across  the  river,  and  at  each  foot  in  depth  to  the  bottom. 
The  low^est  observation  in  each  vertical  series  was  generally  about  four-tenths  of  a 
foot  fn>m  the  bottom.  The  meter  was  lowered  until  the  lead  disk  touched  the  anchor- 
weight  lying  on  the  bottom,  which  was  the  lowest  practicable  depth  that  could  be 
observed. 

At  each  point  of  observation  the  position  of  the  standing-line  upon  which  the  meter 
was  run  was  fixed  by  angles  from  the  shore. 

In  aU  part«  of  the  river  the  meter  observations  could  be  taken  much  nearer  the 
bottom  than  the  floats,  and  this  was  particularly  the  case  near  the  banks.  For  this 
reason  the  miyority  of  the  vertical  curves  of  velocities  were  taken  with  the  current- 
meter. 

A  number  of  mid-depth  velocities  at  100  feet  apart  across  the  river  w^ere  taken  with 
floats  at  different  times  to  determine  the  discharge.  Two  observations  were  usually 
taken  at  each  point,  and  the  average  used  as  the  true  mid-depth  velocity.  These  mid- 
depth  gaugiugs  were  in  all  ca^es  made  with  double  floats,  such  as  have  been  pteviously 
descril)ed.  'fte  method  of  observing  and  determining  the  path  of  the  floats  was  essen- 
tially that  described  in  the  report  upon  the  Mississippi  River.  A  base  of  200  feet  in 
length  was  taken  as  being,  perhaps,  tlie  most  convenient  length,  except  in  one  case  at 
the  lowest  water  and  a  mean  velocity  of  .34  of  a  foot  per  second,  when  a  line  of  mid- 
depth  velocities  was  taken  with  a  base  of  100  feet,  on  account  oi  the  great  length  of 
time  taken  by  the  floats  in  passing  over  200  feet. 

The  instruments  were  set  up  at  each  end  of  the  base,  the  signals  were  given,  and 
the  angles  to  the  floats  taken  as  described  by  Humphreys  and  AbVmt  in  their  report 
upon  the  Mississippi,  except  that  both  observers  read  the  time.  This  api>eait)d  to  be 
the  best  plan  in  practice.  EiTors  in  reading  and  failures  to  get  the  reailing  at  all  will 
sometimes  occur,  and  this  method  checks  the  results.    Most  of  the  intervals  of  time 
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d  by  the  two  obaervers  ag^reed ;  but  often  the  time  would  differ  by  one  second, 
letunes  by  two.  In  reading  to  the  nearest  second  only,  as  was  ordinarily  done 
9  float  obaervations,  each  observer  may  be  nearly  or  quite  half  a  second  out  at 
tding,  eo  that  the  difference  may  be  nearly  a  second  in  error ;  and  the  time  of 
•rver  may  be  too  great  and  the  other  too  small  by  this  amount,  even  without 
allowance  for  the  personal  errors  of  the  difference  of  time  taken  in  looking 
^  telescope  to  the  watch,  or  in  giving  signals  at  exactly  the  right  instant.  The 
time  of  the  two  observers  is  probably  nmch  more  exact,  and  has  been  imed  in 
mtations.  A  trial  was  made  with  electric  signals,  but  without  a  third  ol>«erver, 
the  time  directly  fix>m  the  signals,  no  greater  precision  was  obtained.  The 
erve<l,  however,  is  sufficiently  accurate,  as  the  fluctuations  aud  impulses  in  the 
render  greater  preciBion  unimportant. 

GAUGING  AT  OTHER  PLACES. 

lition  to  the  gauging  of  the  river  at  Thompsonville  in  the  present  survey, 
ve  been  some  previous  measurement-s  taken  in  connection  with  the  improve- 
the  river  which  are  valuable  in  determining  the  discharge. 
;anging8  were  made  at  Hartford  Bar  in  1871,  in  which  the  velocities  were  meas- 
balf  depths  with  a  Woltmann  current-meter  of  large  size,  and  carefully  rated, 
discbargea  computed  by  the  Humphreys  and  Abbot  methods. 
Dgs  were  also  made  in  April.  1872,  and  January,  1874,  at  Dividend  Bar,  just 
lockv  Hill,  or  about  nine  miles  below  Hartford.  These  measurements  were 
th  double  floats,  taken  at  the  average  mid-depth.  The  mean  section  of  the 
s  divided  into  divisions,  and  the  average  in  each  division  taken  for  the  velocity 
division.  The  discharge  was  then  computed  by  the  Humphreys  and  Abbot 
th  formula.  The  bed  of  the  river  at  this  place  is  very  favorable  for  mid-dejith 
with  floats,  being  steep  at  the  banks  and  flat  on  the  bottom  for  nearly  the 
idth  of  the  stream.  It  can  only  be  used  at  high-water,  however,  owing  to  the 
f  the  tides  when  the  water  is  at  the  lower  stages. 

gaugings  at  Dividend  Bar  were  made  at  the  height  of  the  two  highest  freshets 
e  record  of  the  height  of  water  was  commenced,  in  February,  1871.  That 
January,  1874,  when  the  height  at  Hartford  was  23.87  feet  above  low-water,  is 
lest  measurement  actually  made  of  the  discharce  of  the  river.  The  rise  of  the 
\s  carefully  watched  each  year,  and  as  soon  as  tne  water  attained  its  maximum 
tt  Hartford,  operations  were  commenced  at  Dividend  Bar,  so  as  to  obtain  the 
«e  when  the  water  was  at  its  greatest  height  at  that  place.  In  this  way  the  vol- 
responding  to  the  height  at  Hartford  was  accurately  obtained  by  direct  meaaure- 
icept  the  mcrease  from  the  entrance  of  small  streams  between  the  two  (>oiuts. 
iver  has  also  been  gauged  by  observing  the  heights  of  water  at  Holyoke  Dam. 
kutity  of  discharge,  in  the  absence  of  any  direct  experiments  upon  this  particu- 
i  i>f  dam,  has  been  computed  by  Francis  formula,  without  end  contraction,  of 
)  fc  7  f ,  as  being  the  best  known. 

Um  is  1,017  feet  long  on  the  crest.  It  has  a  slope  back  from  the  crest  of  about 
ontal  to  1  vertical,  and  an  apron  in  front  with  a  slope  of  about  2  to  1. 
iloi>e  above  the  crest  of  the  dam  w^ould  probably  have  the  effect  of  increasing 
hj^*ge,  by  diminishing  the  Iwttom  contraction  of  the  vein,  and  the  slope  of  the 
elow  the  crest  would  probably  have  the  contrary  effect  of  diminishing  the  flow, 
:esistance  it  offers  to  tne  free  discharge  of  the  water  after  it  passes  the  crest. 
ffects  would  be  small  compared  with  the  whole  quantity  discnarged,  aud  it  is 
1  that  they  would  nearly  balance  each  other. 

s  were  taken  along  the  crest  of  the  dam  and  compared  with  the  company's 
ipon  the  south  abutment  near  the  gate-house. 

r»rd  of  the  height  of  the  water  has  been  kept  here  at  times  by  the  Holyoke 
Power  Company,  copies  of  which  at  various  times  have  been  obtained  through 
dness  of  the  late  Mr.  Stewart  S.  Chase,  the  company's  engineer,  aud  of  Mr. 
1  A.  Chase,  his  suoceseor. 

MECHANICAL  DETERMINATION  OF  MEAN  VELOCITY. 

g  the  observation  at  Thompsonville  of  the  velocities  of  the  currents  in  verti- 
es  with  the  current-meter,  an  additional  observation  was  taken  at  the  end  of 
iiical  series  to  determine  the  mean  velocity  of  the  section  at  one  operation,  by 
ically  integrating  from  the  surface  to  the  bottom. 

ras  done  in  the  Allowing  manner :  The  meter  was  started  at  the  surface,  its 
ading  and  the  time  being  noted,  and  passed  slowly  down  the  standing-cord  by 
f  the  chain  a  certain  distance  per  second,  imtil  it  reached  the  bottom,  when  it 
leiliately  drawn  up  at  the  same  rate  to  the  surface,  when  its  index-reading  ang 
were  again  notea.     The  unifonuity  of  motion  in  descending  and  asccudincl 
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were  assured  by  one  assistant  counting  the  intervals  of  time  for  each  foot,  while  another 
lowered  the  chain  and  saw  the  successive  foot-marks  enter  the  wat«r.     Equal  spaces 
being  passed  over  in  equal  times,  the  varying  velocities  passed  through  were  mefhan- 
ically  averaged,  so  that  the  feet  per  second  deduced  from  the  index-reading  aud  the 
time  of  the  observation  would  give  the  mean  velocity  of  the  section.    These  ob^nations 
were  taken  as  a  check  upon  the  others,  not  expecting  that  the  results  would  agree  so 
nearlv  with  the  actual  mean  of  the  velocities  at  the  successive  depths  as  has  been 
founci  from  the  computed  results.     These  show  a  remarkable  a^eement,  considering 
that  the  integrating  observations  occupied  but  a  very  short  time,  generally  two  or 
three  minutes,  an  interval  of  time  only  sufficient  to  eliminate  errors  pf  observation  in 
noting  the  number  of  seconds  or  reading  the  index.    The  time  was  not  generally  suffi- 
cient to  average  the  impulses  in  the  current. 

The  following  examples  of  actual  means  of  each  foot  in  depth  and  the  means  found 
by  one  ob8er\^ation  are  given  to  show  the  result^)  of  two  series  of  sections  across  the 
river.  In  some  cases  the  means  of  all  the  sections  by  the  two  methods  were  alike  to 
the  nearest  hundredth  of  a  foot. 


Section  at  G,  meter  No.  2. 

Section  at  C,  meter  No.  1. 

Depth. 

Mean  of  all  at 
each  foot. 

Mean  by  inte- 
grating. 

Depth. 

Moan  of  all  at 
each  foot. 

Mean  b^  iote- 
gratmg. 

16.6 
17.5 
16.5 
15.5 
14.3 
13.7 
11.2 
8.4 
5.8 

.43 

.78 

1.12 

1.11 

1.21 

1.26 

1.03 

.94 

.68 

.50 

.83 

1.07 

1.12 

1.23 

1.26 

.99 

.94 

.67 

1 

6.2 
12.8 
19.3 
22.3 
20.8 
19.7 
19.7 
17.4 
15.6 
18.1 

8.3 

5.2 

Sum 

.49 

.93 

L91 

2.51 

2.71 

2.58 

2.17 

1.92 

1.45 

L40 

.90 

.73 

.46 
.91 
1.88 
2.46 
2.70 
2.57 
2.13 
1.89 
1.49 
L44 

^\\TI\ 

8.56 

8.60 

.93 

75 

Ikf  Ban 

.951 

.956 

19.70 

19.61 

1 

M<M^n rrr 

1.642 

1.634 

1 

It  will  be  seen  from  the  close  agreement  of  these  quantities  that  this  presents  a  very 
raind  and  accurate  method  of  gauging  streams  whose  bottom  velocity  is  not  too  small 
to  be  registered  by  the  current-meter.  One  operation  at  each  point  located  on  a  cross- 
section  of  the  stream  by  measurement,  or  by  an  angle  from  the  shore,  gives  both  the 
dei)th  and  mean  velocity  at  the  same  time.  The  discharge  can  be  readily  computed  by 
Simpson's  rule  applied  to  the  rectangles  of  the  mean  velocities  by  the  depths,  if  the  in- 
tervals between  the  sections  are  equal.  If  they  are  unequal,  as  will  usually  be  the  case 
in  rivers,  the  volume  can  be  obtained  by  multiplying  the  mean  area  of  each  two  such 
rectangles  by  the  distance  between  them  in  feet,  and  adding  the  results  for  the  sev- 
ei'al  divisions  together  to  obtain  the  total  discharge.  This  gives  the  number  of  cubic 
feet  passing  the  section  in  one  second.  The  method  of  averaging  end  areas  gives  a 
slightly  too  great  volume  when  the  bounding-liues  of  the  prismoids  are  straight,  but 
the  outward  curve  of  the  bottom  and  horizontal  velocity  curves  compensate  this  small 
enor.  In  order  to  obtain  accurate  results  by  the  foregoing  method,  it  is  e>ddent  that 
the  meter  used  must  be  of  such  construction  as  not  to  be  affected  by  the  vertical 
motion. 

METHOD  OF  PLOTTING  AND  REDUCING  OBSERVATIONS. 

The  total  number  of  velocity  observations  taken  during  the  past  season  at  Thomp- 
sonville  was  1,434 ;  of  these,  1,266  were  taken  in  the  vertical  velocity  planes.  In  au- 
dition to  the  use  of  these  observations  for  detennining  the  mean  velocity  and  discharge 
of  the  river  at  different  stages,  they  have  been  plotted  and  grouped  in  various  ways  to 
ascertain  the  charaeter  and  form  of  the  curves. 

The  observations  were  first  all  plotted  upon  section-paper,  showing  the  velocities 
at  each  foot  in  depth  in  each  yertical  plane.  At  the  bottom,  a  velocity  was  assumed 
and  marked  upon  the  section,  corresponding  as  nearly  aB  possible  with  the  general 
direction  and  curve  of  the  jioiuts  above. 

With  the  float  observations  this  point  was  sometimes  a  little  doubtful,  and  the  per- 
son jilacing  it  might  be  somewhat  influenced  by  preconceived  opinions  a«  to  its  exact 
l)osition ;  but  witii  the  meter  observations,  the  lowest  velocity  measured  was  so  near 
th<'  bottom  that  there  could  be  but  very  little  variation  in  following  the  general  line 
of  the  points  above  and  locating  the  bottom  velocity  upon  the  section. 
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Lines  were  then  drawn  throngh  the  points  at  the  ends  of  the  ordinates  representing 
tJie  velocity  at"  the  different  depths  in  each  section,  with  no  attempt  to  modify  the 
form.  All  of  the  sections  were  then  divided  into  tenths  of  the  total  depth  for  the 
puipose  of  comparison.  Two  methods  of  comparing  and  taking  the  means  of  these 
?mical- velocity  curves  have  been  employed ;  one  by  computation  only,  to  determine 
more  exactly  the  form  of  the  mean  curves,  and  the  other  by  graphic  me'tnods  of  group- 
ing, to  endeavor  to  ascertain  if  the  number  of  observations  would  be  sufficient  to  show 
ft  different  form  of  curve  in  different  sections  across  the  river. 

For  the  first  method,  the  ordinates  at  the  surface  and  at  each  tenth  in  depth  to  the 
bottom  were  taken  from  the  plots  of  the  velocities  before  described  and  the  arithmeti- 
cal means  computed  for  each  depth. 

The  mean  of  all  the  meter  sections  having  a  mean  velocity  below  1.86  feet  per  second, 
which  was  assumed  as  a  division  between  the  high  and  low  velocities,  was  first  com- 
pot-e<L  The  result  is  plotted  in  Figure  1  of  the  sheet  of  diagrams  of  vertical  curves  of 
current  velocities  herewith  sabmit^ed. 

The  corresponding  mean  curve  of  all  the  float  sections  having  a  mean  velocity  of 
k«  than  1.86  feet  per  second  was  next  computed.  The  result  is  shown  in  Figure  2  of 
the  diagram. 

The  mean  of  all  the  above  sections  was  then  taken  to  ascertain  the  mean  curve  of 
low  velocities  with  both  meters  and  floats.  The  result  is  plotted  in  Figure  3  of  the 
diagrams. 

The  means  of  all  the  meter  and  float  sections  ha>ang  an  average  velocity  above  1.86 
feet  per  second  were  then  computed,  separately  and  combined,  as  described  for  the  low 
Telocities,  in  order  to  ascertain  the  mean  curve  for  high  velocities.  These  results  are 
shown  in  Figures  4,  5,  and  6  of  the  diagrams. 

The  mean  of  all  the  meter  curves,  the  mean  of  all  the  float  curves,  and  the  grand 
mean  of  all,  were  then  computed.  These  results  are  shown  in  Figures  7,  8,  and  9  of 
the  diagrams. 

The  numerical  means  from  which  these  figures,  1  to  9,  are  plotted  are  given  in  a  tab- 
alar  form  farther  on,  following  the  tables  of  vertical  velocities  from  which  they  are 
deduced* 

In  order  to  further  compare  these  results,  and  observe  more  distinctly  what  differ- 
ences there  mi^ht  be  in  the  general  form  of  the  curves,  they  were  all  reduced  to  a  mean 
velocity  of  unity  by  graphically  dividing  all  the  ordinates  in  each  curve  by  its  mean 
velocity  and  plotting  the  results  in  Figure  10  to  18  immediately  under  the  correspond- 
in£  original  curve. 

In  tlie  second  method  of  grouping  and  arranging  the  vertical- velocity  curves,  the 
loeter  and  float  observations  were  taken  separately ;  mainly  on  account  of  the  meters 
ninning  so  much  nearer  the  bottom,  at  the  sides  of  the  river,  than  was  the  case  with 
the  float49,  and  therefore  being  more  useful  in  determining  the  different  form  of  the 
curve  in  the  different  portions  of  the  river-bed. 

The  sectioua  across  the  river  at  F,  G,  and  B  were  divided  into  seven  divisions,  and 
at  C,  into  five  divisions.  These  divisions  were  nearly  equal,  but  were  taken  up  so  as 
to  include  charactoristic  nortions  of  the  river-bed ;  some  of  the  divisions  having  slop- 
ingbottoms  near  the  banks,  and  others  being  nearly  flat  near  the  middle. 

The  vertical-velocity  curves  were  grouped  in  each  of  these  divisions,  and,  for  the  pur- 
pose of  comparing  those  of  different  depths  and  velocities,  they  were  reduced  to  the 
name  effective  depth  by  taking  tenths  of  the  total  depth,  and  to  the  same  velocity  by 
taking  the  mean  velocity  of  the  section  equal  to  unity. 

The  method  of  determining  the  mean  velocity  in  each  curve  was  different  from  the 
ooe  before  nsed,  of  taking  uie  mean  of  the  velocities  at  each  tenth  of  the  depth.  In 
ihis  second  method  the  mean  velocities  were  obtained  by  taking  the  area  of  the  figure 
formed  by  the  velocity  ordinates  with  a  planimeter  adjusted  W)  the  scale  of  the  sec- 
tion-paper, and  dividing  this  area  by  the  depth.  This  gives  the  true  mean,  however 
irregular  the  figiirea  may  b©.  Two  independent  measurements  of  each  figure  were 
ma&  with  the  planimeter,  and  they  rarely  differed  more  than  77^  of  the  area. 

The  curves  grouped  in  divisions  were  then  plotted  all  to  the  same  depth  and  mean 
Telocity  by  setting  »  pair  of  proportional  dividers  with  the  opening  at  one  end  at 
iffiitj,  and  the  other  at  the  actual  mean  velocity  of  each  section,  and  transferring  the 
distances  out  mechanically  to  the  new  section  in  the  division  group. 

The  reisnlt  of  this  grouping  was  that  with  the  number  of  curves  taken  no  material 
diffenence  was  observed  between  the  curves  in  the  middle  and  at  the  sides  of  the  river; 
^  lea^  none  that  Tvas  not  more  than  counterbalanced  by  the  local  irregularities  in 

«fh  section. 

^  tach  of  the  di  visiona  a  curve  was  drawn  avera^ng  the  lines  plotted,  and  the  mean 
^ these  cnrvea  in  tlie  several  divisions  across  the  nver  was  taken  and  plotted.  These 
®^aiware  shown  in  Fignrea  19  to  23,  for  the  meter  observations,  and  in  Figures  25  and 
^fffrthe  floats.  The  means  of  all  the  meter  and  float  observations  were  then  found 
^combiuinir  these  la»t  sets  of  curves,  and  plotted  in  Figures  24  and  27.    In  these 
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last  groupings  the  cnrves  are  slightly  different  from  those  obtained  by  taking  the  meftns 
arithmeticaUy,  for  two  reasons : 

Yvcsty  in  the  means  obtained  by  computation^  the  sections  containing  uncertain  or 
8n8i>ected  bottom  velocities  were  omitted,  and  the  means  taken  of  the  others ;  while 
in  the  means  obtained  by  the  graphic  methods  all  the  vertical  sections  are  included. 

Second,  in  the  first  method  equal  weights  are  given  to  each  section  in  taking  the 
means ;  while  in  the  second  method  equal  weights  are  given  to  divisions,  some  of 
which  contain  a  greater  number  of  sections  than  the  others. 

Neither  of  the  foregoing  methods  is  advanced  as  a  mathematical  deduction  of  the  lav 
of  the  curves.  They  are  given  only  to  show  the  general  form.  For  exact  det'cnniiift- 
tions  of  the  law  of  the  curves  neither  of  these  methods  is  strictly  correct.  Of  the  two, 
preference  should  be  given  to  the  numerical  means. 

During  the  season  when  the  herein-described  current  experiments  were  made  at 
Thompsonville,  the  winds  were  generally  very  light,  and  the  great-er  part  of  the  ob- 
servations were  but  slightly  affected  by  the  effect  of  the  wind  upon  the  surface  of  the 
water.  The  curves  were  grouped  in  various  ways  to  determine  the  amount  of  wind 
effect,  but  the  results  have  not  been  very  satisfactory.  It  appears  ttom  some  of  the 
observations  that  other  causes  than  the  effect  of  tne  wind  raised  and  lowered  the 
thread  of  greatest  velocity,  which  the  number  of  observations  taken  was  not  sufficient 
to  eliminate.  The  best  result  that  could  be  obtained  was  that  the  axis  of  the  vertical 
curve  was  raised  or  lowered  about  j^  of  the  depth  for  each  mile  per  hour  the  wind 
was  blowing  down  or  up  stream. 

TABLES  OP  VERTICAL-VELOCrrY  CUKVES. 

The  results  of  the  observations  taken  in  vertical  planes  at  Thomx»6onville  have  been 
arranged  in  a  tabular  form  for  convenience  of  reference. 

The  surface  and  bottom  velocities  assumed  for  the  purpose  of  computing  the  means 
and  taking  the  velocities  at  tenths  of  the  depths  in  the  comparisons  of  the  several 
curves  are  marked  thus  *. 

Where  the  observations  were  taken  with  current-meters,  the  nearest  that  the  meter 
could  be  run  to  the  surface  has  been  taken  for  the  surface  velocity.  At  the  bottom, 
which  the  meter  could  not  reach  within  about  four-tenths  of  a  foot,  the  velocity  has 
been  assumed,  and  the  figures  in  the  tables  are  marked  thus  *. 

The  method  adopted  lor  obtaining  the  nearest  approximation  to  the  mean  velocity 
of  the  river  for  eacn  particular  curve  has  been  to  group  a  series  across  the  river,  hav- 
ing nearly  the  same  neisht  of  water,  and  taken  as  neany  as  possible  at  the  same  time, 
and  take  the  mean  heignt  of  these  to  give  the  area  for  computing  the  mean  velocity 
of  the  whole  section ;  then  to  find  how  much  this  .mean  would  be  increased  or  dimin- 
ished by  slight  changes  in  the  rise  and  fall  of  the  surface^  and  to  vary  its  value  for 
each  vertical  curve  according  as  the  surface  at  the  time  it  was  taken  was  higher  or 
lower  than  the  assumed  mean.  This  gives  a  close  approximation  to  what  would  be 
the  actual  mean  velocity  at  the  time  the  particular  observations  were  taken.  The 
numbers  of  the  several  planes  in  the  following  table  are  given  in  the  order  in  which 
they  were  originally  plotted,  commencing  from  the  east  bank,  which  does  not  in  all 
cases  correspond  with  the  dates  or  order  in  which  they  were  taken. 

FLOAT  OBSBRYATIONg  AT  POSITION  F. 


JVb.  1,  taken  May  12,  1874. 

Distance  out  from  east  base,  130  feet. 

Height  of  surface  of  water  above  Hartford  zero feet, 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  of  river feet  per  second, 

Direction  and  force  of  wind,  southeast,  1  to  2.  t 


45.213 
2.39 
2.87 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  vdoc- 
Ity  per  second. 

FuL 

0 
0.35 

1 

FeeL 

2.81* 

2.82 

2.02 

F^«L 
2 
8 

4 

FeeL 
2.90 
2.90 
2.88 

FeeL 
5 
6 
7 

FeeL 

2.80 
2.80 
2.66 

FeeL 
8 

FeeL 
2.27* 

t  Each  degree  of  the  force  of  the  wind  is  about  2^  miles  per  hour. 
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A7>.  2,  taken  May  12. 

Distance  ont  from  east  base,  229  feet. 

itof  snrfacc)  of  water  above  Hartford  zero. feet. 

in  Tertical  plane  by  observed  velocities feet  per  second . 

velocity  of  river feet  per  second . 

ection  and  force  of  wind^  southeast,  1  to  2. 


45.213 
2.81 
2.87 


Otoerred  veloc- 
'   tty  per  second. 

Depth. 

ObMTved  veloc- 
ity per  second. 

Deptk 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FteL 

3.20* 
3.20 
3.20 
3.15 

3 

4 
5 
6 

Feet 
3.10 
3.15 

ao8 

3.13 

Feet 

7 

8 

9 

10 

Feet 
2.82 
2.98 
2.92 
2.96 

Feet, 
11 
12 
16.5 

FesL 

2.78 
2.77 
L75* 

No,  Sy  taken  May  13. 

Distance  ont  from  east  base,  327  feet. 

it  of  surface  of  water  above  Hartford  zero feet, 

in  vertical  plane  by  observed  velocities feet  per  second . 

velocity  of  river feet  per  second. 

action  and  force  of  wind,  southeast,  1. 


44.508 
2.57 
2.55 


Obeerred  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

ao8* 

5 

2.80 

11 

2.90 

17 

2.43 

3.08 

6 

2.94 

12 

2.60 

18 

2.25 

3.01 

7 

2.86 

13 

2.55 

21 

L82* 

3.06 

8 

2.72 

14 

2.58 

2.88 

9 

2.84 

15 

2.44 

2.86 

10 

2.78 

16 

2.34 

JVo.  4,  taken  May  13. 

Distance  out  from  east  base,  447  feet. 

it  of  surface  of  water  above  Hartford  zero feet. 

in  vertical  plane  by  observed  velocities feet  per  second . 

velocity  of  river feet  per  second. 

ection  and  force  of  wind,  south,  1. 


44.508 
2.70 
2.53 


Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

L 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

3.10* 

5 

2.95 

11 

2.82 

17 

2.34 

3.10 

6 

2.09 

12 

2.65 

18 

2.44 

a.  08 

7 

3.04 

13 

2.69 

19 

2.30 

3.03 

8 

3.04 

14 

2.64 

20 

2.17 

• 

3.15 

9 

2.96 

15 

2.65 

22 

1.82* 

2.88 

10 

2.96 

16 

2.69 
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No.  S,  taken  May  15. 

Distance  oat  frotn  east  base,  544  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  southeast,  0  to  2. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observ 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  pel 

FeeL 

Feet 

F€*L 

FeeL 

FeeL 

Feet 

Feet. 

I 

0 

3.10* 

6 

3.13 

11 

2.86 

17 

2 

0.35 

3.10 

6 

2.02 

12 

2.02 

18 

2 

1 

3.03 

7 

3.10 

13 

2.63 

18 

2 

2 

8.03 

8 

2.80 

14 

2.86 

20 

1 

3 

2.00 

0 

3.06 

15 

2.65 

4 

2.07 

10 

2.88 

16 

2.66 

No.  6,  taken  May  20. 

Distance  out  firom  east  base,  636  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities... ..-.feet  per  second. 

Mean  velocity  of  river feet  \yeT  second. 

Direction  and  force  of  wind,  southeast,  1. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

xw-xi,  Obsen 

ity  per  second. 

ity  per  second. 

ity  per  second. 

JLieptiL 

itype 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet. 

I 

0 

8.38* 

5 

3.39 

11 

2.67 

17 

2 

0.85 

3.30 

6 

8.45 

12 

2.99 

18 

2 

1 

a  28 

7 

3.23 

13 

2.63 

19.7 

1 

2 

3.48 

8 

3.26 

14 

2.82 

3 

8.31 

9 

2.86 

15 

2.84 

4 

a54 

10 

2.99 

16 

2.69 

No.  7f  taken  May  22. 

Distance  out  from  east  base,  735  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  2  to  4. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observ 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  pe: 

Feet. 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

I 

0 

3.64 

5 

3.61 

11 

3.54 

17 

2 

0.85 

3.64 

6 

3.48 

12 

3.48 

17 

2 

1 

3.75 

7 

3.28 

13 

3.08 

19 

2 

2 

3.54 

8 

3.67 

14 

3.08 

19.9 

2 

3 

3.64 

9 

3.64 

15 

2.09 

4 

3.81 

10 

3.57 

16 

2.57 
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No,  Sf  taken  May  26. 

Distance  ont  from  east  base,  841  feet. 

Haghtofgnrface  of  water  above  Hartford  zero feet..  45. 217 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     3. 00 

Man  Telocity  of  river feet  per  second..     2. 89 

Direction  and  force  of  wind,  southwest,  1. 


jx^  OtMerred  veloc- 
^^  ity  per  necond. 

1 

1 
Depth. 

Observed  veloc- 

Depth. 

Obeerved  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

Aft           Feet 

FeeL 

Feet 

FeeL 

Feet 

Feet 

Feet 

9               a32« 

4 

3.17 

9 

2.84 

14 

2.88 

iS           3.33 

6 

3.28 

10 

3.18 

15 

2.47 

1               3.36 

6 

3.26 

11 

3.06 

16 

2.47 

3               3.23 

7 

3.36 

12 

2.97 

17 

2.06 

S       1         2.90 

8 

3.36 

13 

3.01 

17.8 

1.78* 

^^0.  9,  taken  May  26. 

Distance  out  from  east  base,  945  feet. 

of  gnrface  of  water  above  Hartford  zero feet. 

im  in  vertical  plane  by  observed  velocities feet  per  second . 

Jfctn  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  2. 


45.217 
3.01 
2.89 


O^ 


M 

I 

iU 
1 
2 

} 


Observed  veloc- 
ity per  second. 


Feet 

3.17* 

3.17 

3131 

3.34 

3.28 


Depth. 


Feet 

4 
5 
6 
7 
8 


Obeerved  veloc- 
ity per  second. 


Feet 
3.23 
8.15 
3.31 
a  15 
3.23 


Depth. 


Feet 
9 
10 
11 
12 
13 


Observed  veloc- 
ity per  second. 


Feet 
2.88 
2.75 
2.84 
2.88 
2.88 


Depth. 


Feet 
14 
15 


Observwl  veloc- 
ity per  second. 


Feet 

2-38 
2.07* 


No,  10,  taken  May  27. 


Distance  out  from  east  base,  1,037  feet. 

Hdght  of  snrface  of  water  above  Hartford  zero feet . 

Mean  in  vertical  plane  by  observed  velocities feet  per  second, 

3b«n  velocity  of  river. .^-., feet  per  second. 

Direction  and  force  of  wind,  northwest,  1. 


44.884 
2.78 
2.70 


DiptL  Observed  velws- 
^       tty  per  second. 


Fmt 

1 

2 


Feet 

132* 
3.33 
3.15 
3.13 


Depth. 


Feet 
3 

4 
5 
6 


Observed  veloc- 
ity per  second. 


FeeL 
3.06 
2.96 
2.95 
3.01 


Depth. 


Feet 

7 

8 

9 

10 


Observed  veloc- 
ity per  second. 


FeeL 
2.90 
2.76 
2.74 
2.50 


Depth. 


FeeL 
11 
12.3 


Observed  veloc- 
ity per  second. 


Feet 
2.15 
1.66* 
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2{o»  11,  taken  May  27. 

Digtanoe  out  from  eaat  base,  1,142  feet. 

Height  of  surface  of  water  above  Hartford  eero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  northwest,  1. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observi 
ityper 

FeeL 

0 

0.85 

1 

FeeL 

2.82* 

2.82 

2.77 

FeeL 
2 
8 

4 

FeeL 
2.56 
2.57 
2.57 

I^eL 
5 
6 
7 

FeeL 
2.26 
2.19 
2.17 

FeeL 

8 
10.8 

Fx 
1. 
L 

FLOAT  OBSERVATIONS  AT  POSITION  G. 

Xo.  12,  taken  June  16. 

Distance  out  &om  east  base,  549  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  x>er  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  south-southeast,  2. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observi 
ityper 

FeeL 

0 

0.35 

1 

2 

3 

FeeL 

1.42* 

1.43 

1.43 

1.39 

1.31 

FeeL 

4 
5 
6 
7 
8 

FeeL 

1.43 
1-44 
L41 
1.37 
1.41 

FeeL 
9 
10 
U 
12 
18 

FeeL 
1.46 
L28 
1.38 
1.25 
L28 

FeeL 
14 
15 
16 
17 

F 

I 
I 
0. 
0 

No,  13,  taken  June  15. 

Distance  out  from  east  base,  646  feet. 

Height  of  surface  of  wat^er  above  Hartford  zero feet . 

Mean  in  vertical  plane  by  observed  velocities feet  per  second 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  calm. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observi 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ityper 

FeeL 

Feet 

Feet 

FeeL 

FeeL 

Feet. 

FeeL 

F 

0 

1.76* 

4 

1.72 

9 

1.64 

14 

L 

0.85 

1.76 

6 

L60 

10 

L47 

15 

L 

1 

1.72 

6 

L60 

U 

1.40 

16 

0. 

2 

1.65 

7 

1.66 

12 

L46 

3 

L73 

8 

L64 

13 

1.41 
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No,  14,  taken  June  15. 

Bistaooe  oat  from  east  base,  744  feet. 

Height  of  surface  of  water  above.  Hartford  zero feet..  41.423 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     1.  51 

Mean  Telocity  of  river , feet  per  second..     1. 17 

Direction  and  force  of  wind,  calm. 


Depth. 


Ohterred  veloc- 
ity per  Reoond. 


Alt 

• 

fliSS 

I 

3 


Feet 

1.62* 

L63 

L77 

i.n 

L70 


Depth. 


FMt 

4 
5 
9 

7 
8 


Obmrved  veloc- 
ity per  aeoond. 


Feet 
1.65 
1.73 
1.7» 
L58 
L82 


Depth.' 


Feet 
9 
10 
11 
12 
13 


Observed  veloc- 
ity per  seooiid. 


Feet 
1.52 
L50 
L39 
1.39 
1.28 


Depth. 


Feet 

14 
15.5 


Ob«erved  veloc- 
ity per  second. 


Feet. 
1.10 
0.78* 


No,  15,  taken  June  12. 

Distance  out  firom  east  base,  841  feet. 

of  surface  of  water  above  Hartford  zero feet..  41.631 

M«an  in  vertical  plane  by  observed  velocities feet  per  second . .     1. 53 

Mean  velocity  of  river feet  per  second..     1.30 

Direction  and  force  of  wind,  northeast,  1. 


pt-A  i  Observed  vcloo- 
^^    itypersecond. 

Depth. 

Ohserved  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  »ec<nid. 

Depth. 

Observed  veloc- 
ity per  second. 

ft^             Feet 
«                  l.«4* 
its               L65 
1                  L«7 

i                  L86 
J                   L74 

Feet. 

4 
5 
6 
7 
8 

Feet 

1.71 
1.74 
L64 
1.77 
L65 

Feet 
9 
10 
11 
12 
13 

Feet 
L53 
L61 
1.44 
L52 
1.25 

Feet 
14 
15 

Feet 
0.78 
0.30* 

No,  16,  taken  June  12. 
Distance  ont  from  east  base,  953  feet. 

Height  of  fflirface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Ifewi  velocity  of  river .* feet  per  second. 

Direction  and  force  of  wind,  southwest,  1. 


41. 631 
1.26 
1.30 


IUhj^  Observed  veloo- 
"^^    itypersecond. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

ft«t             Feet 
•                 L30* 
9^35              L29 

1  L32 

2  L45 

Feet 
8 

4 
5 
6 

Feet 
L44 
L52 
L43 
1.33 

Feet 

7 

8 

9 

10 

Feet 
1.82 
L33 
LIO 
L06 

Feet. 
12 

Feet 
0.73* 
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Xo,  17,  taken  June  9. 

Distance  out  from  east  base,  1,040  feet. 

Height  of  surface  of  water  above  Hartford  zero  ../ feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second., 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southwest,  2. 


43.09 
1.31 
1.8C 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Tv»„xi-    Observed  veloc- 
^^®P^°*    ity  per  second. 

Depth. 

Observed  vda 
ity  per  secoM 

FeeL 

0 

0.35 

1 

Feet. 

L54*     . 

1.54 

1.52 

Feet 
2 
3 
4 

Feet 
1.53 
1.56 
L54 

FeeL 
5 
6 

7 

FeeL 
L57 
1.41 
1.33 

FeeL 

8 
0 
10.3 

! 
i 

FeeL 

L21 
0.87 
0.42* 

No,  18,  taken  June  9. 

Distance  out  from  east  base,  1,149  feet. 

Height  of  surface  of  water  above  Hartford  zero ..-..'  .-..feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


43. 0£ 
1.25 
1.8C 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc 
ity  per  second. 

Depth. 

Observed  velc 
ity  per  seooiDi 

FeeL 

0 

0.35 

1 

FeeL 
1.42* 
1.42 
L47 

FeeL 

2 
3 

4 

FeeL 

1.47 
1.39 
1.33 

FeeL 
5 
6 
6.5 

FeeL 
L26 
1.10 
L02 

FeeL 

8 

FeeL 
0.68* 

Xo,  19,  taken  June  ^. 

Distance  out  from  east  base,  1,070  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  west-northwest,  1. 


41.fi 
0.9 
1.3 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veto 
ity  per  second 

Feet. 

0 

0.35 

1 

FeeL 
1.22* 
1.23 
1.21 

Feet 
2 
3 

4 

Feet 
1.16 

1.20           i 
1.06 

Feet. 
5 
6 
7 

Feet 

ao6 

0.05 
0.80 

FeeL 
8.5 

FeeL 
a  31* 
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JVb.  20,  taken  June  25. 

Distance  out  from  east  base,  1,168  feet. 

Height  of  snrface  of  water  above  Hartford  zero.... feet..  41.64 

Ifaftn  in  vertical  plane  by  observed  velocities feet  per  second..     0. 71 

Mean  velocity  of  river feet  per  second..     1. 28 

Direction  and  force  of  wind,  west-northwest,  1. 


TiggM,   Obgerred  reloo- 
^"^  lljperaecond. 

Depth. 

Ohfterved  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

• 

Depth. 

Observed  veloc- 
ity per  second. 

FbeL 

a88 

Feet 

1 
2 

Feet 

0.86 
a85 

FetL 
3 

4 

Feet 

0.88 
0.65 

Feet 
4.5 
6 

Feet 
0.72 
0.88* 

BfSTEB-OBSERYATIONS  AT  POSITION  F. 

Current-meter,  No,  1. 

Ko.  1,  taken  Ma^  12. 

Distance  ont  from  east  base,  130  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

V»n  in  vertical  plane  by  observed  velocities feet  per  second. 

Keia  velocity  in  vertical  plane  by  integration feet  per  second . 

Man  velocity  of  river feet  per  second, 

Direction  and  force  of  wind,  southeast,  1. 


45. 213 
2.38 
2.59 
2.87 


D^ 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

M 

§ 

1 
! 

Feet 
2.88 
2.71 
2L60 

Feet 
3 

4 
5 

Feet 
2.76 
2.67 
2.53 

Feet 
6 
7 

8 

Feet' 

2.49 
2.20 
L19 

Feet 
&8 

Feet 
0.41* 

No.  2,  taken  May  12. 

Distance  out  from  east  base,  229  feet. 

B%ht  of  surface  of  water  above  Hartford  zero feet. 

ifc»n  in  vertical  plane  by  observed  velocities feet  per  second. 

Ifean  velocity  in  vertical  plane  by  integration feet  per  second. 

Uwi  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  southeast,  1  and  2. 


45. 213 
2.72 
2.75 
2.87 


BepOi. 

*  Observed  vdoc. 
Ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 

9 

1 
2 
3 

4 

F^et 

ai2 
ao6 
au> 
a  21 
a  13 

Feet 
5 
6 
7 
8 
0 

Feet 
2.07 
2.05 
2.83 
2.87 
172 

Feet 

10 
11 
12 
13 
14 

Feet 
2.58 
2.61 
2.41 
2.47 
2.44 

Feet 

15 
15.8 

Feet 
1.91 
L43* 

21  £ 
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No.  3,  taken  May  13. 

Distance  oat  from  east  base,  341  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  x>er  second. 

Direction  and  force  of  wind,  south,  1. 


TV A.     Obmrved  veloc- 

Depth. 

Obaerved  veloc- 

Depth. 

Obserred  veloc- 

Depth. 

Ob«ei 

Deptb. 

ity  per  seooud. 

ity  per  second. 

ity  per  second. 

ity  I 

Feet 

Feet. 

Feet 

Feet 

Feet 

Feet 

Feet 

0 

2.31 

6 

2.86 

12 

2.48 

18 

1 

2.86 

7 

2.67 

13 

2.43 

19 

2 

2.94 

8 

2.77 

14 

2.50 

20 

3 

2.94 

9 

2.72 

15 

2.27 

21 

4 

2.86 

10 

2.45 

16 

2.33 

2L8 

5 

2.60 

11 

2.50 

17 

2.01 

No.  Aj  taken  May  14. 

Distance  out  from  east  base,  448  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river ....feet  per  second. 

Direction  of  force  of  wind,  northwest,  1. 


Depth. 


Feet 
0 
1 
2 
3 
4 


Observed  veloc- 

Depth. 

ity  per  second. 

Feet 

Feet 

.2.66 

6 

2.55 

7 

2.01 

8 

2.87 

9 

2.80 

10 

2.74 

11 

Observed  veloc- 
ity per  second. 


Feet 
2.80 
2.85 
2.67 
2.60 
2.50 
2.52 


Depth. 


Feet. 
12 
13 
14 
15 
16 
17 


Observed  veloc- 
ity per  second. 


Feet 
2.41 
2.41 
2.49 
2.42 
2.54 
2.40 


Depth. 


Feet 

18 
19 
20 
2L9 


Obse 
ity  I 


No.  5,  taken  May  20. 

Distance  out  from  east  base,  542  feet. 

Height  of  surface  of  water  above  Hartford  zero..  ...• ...feet. 

Mean  in  vertical  plane  bv  observed  velocities ....feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second 

Mean  velocity  of  river feet  per  second 

Direction  and  force  of  wind,  southwest,  3. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity i>er  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Obse 

ityi 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

0 

3.09 

6 

3.10 

12 

2.85 

18 

1 

3.34 

7 

a  17 

13 

2.78 

19 

2 

3.20 

8 

2.85 

14 

2.88 

20 

3 

3.20 

9 

3.07 

15 

2.75 

2L7 

4 

8.33 

10 

8.06 

16 

2.90 

5 

3.23 

11    . 

2.82 

17 

1.90 
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Xo,  6,  taken  May  22. 

Distance  oat  from  east  base,  634  feet. 

Hdgbt  of  surface  of  water  above  Hartford  zero feet..  45.484 

Mean  in  Tertical  plane  b v  observed  velocities feet  per  second . .     2.  94 

Meto  Telocity  in  vertical  plane  by  integration feet  i>er  second . .     2. 97 

Xean  Telocity  of  river • feet  per  second..     3.  01 

Direedon  and  force  of  wind,  northwest,  3. 


i 

iv^i,  Obseired  veloo- 
^^''"•lityperseocmd. 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

TuL           Feet 

FeeL 

F«€L 

FmL 

FmL 

F«€L 

FmL 

•              3.06 

8 

a43 

12 

2.95 

18 

2.51 

I              140 

7 

&34 

13 

2.78 

19 

2.21 

i          ass 

8 

2.99 

14 

2.42 

20 

2.29 

1  1       a52 

9 

2.83 

15 

2.71 

20.5 

2.04* 

4               a44 

10 

a33 

19 

2.34 

5          a  19 

11 

ao9 

17 

2.38 

Xo.  7,  taken  May  23. 

Distance  oat  from  east  base,  730  feet. 

ofsnrface  of  water  above  Hartford  zero ....feet. 

in  vertical  plane  b v  observed  velocities --. feet  per  second . 

IfeiD  velocity  in  vertical  plane  by  integration feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direetion  and  force  of  wind,  calm.        / 

4 


45.829 
2.91 
3.28 
3.08 


jjjjjv    Observed  Teloc- 
^      ity  per  second. 

1 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

i 

JvL            FteL 

Feet 

FeeL 

Feet 

Feet 

Feet 

FeeL 

i                2.71 

6 

a  31 

12 

ao3 

18 

2.33 

1               a  52 

7 

a42 

13 

2.94 

19 

2.08 

* 

a73 

8 

a  13 

14 

2.12 

20 

1.99 

3 

a48 

9 

a34 

15 

1.91 

20.7 

L74* 

4                 a50 

10 

a46 

16 

2.78 

»                 3155 

i 

11 

2.74 

17 

2.33 

No,  8,  taken  May  26. 

Distance  out  firom  east  base,  845  feet. 

fle^ht  of  snrface  of  water  above  Hartford  zero feet..  45.217 

Mean  in  vertical  plane  by  observed  velocity feet  per  second. .     2. 96 

Mean  velocity  in  vertical  plane  by  integration ..^ feet  per  second . .     2. 99 

Mean  velocity  of  river.... feet  per  second..     2.89 

Direction  and  force  of  wind,  northwest,  2. 


ji_^t\     Observed  veloc- 
^'^r^  j  ity  pM>  second. 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc« 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FmL 

Fut. 

Feet 

Feet 

Feet 

Fut 

Feet 

Feet 

0 

a36 

5 

a  17 

10 

2.94 

15 

2.42 

1 

a  15 

8 

ao7 

11 

2.90 

16 

1.87 

2 

3.37 

7 

a  33 

12 

2.62 

16.6 

1.98 

3 

a.  35 

8 

a35 

13 

2.89 

17.1 

L58 

4 

3.44                     9 

2.82 

14 

2.76 
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No,  9f  taken  May  26. 

Distance  oat  from  east  base,  938  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  i>er  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  2. 


45.2 
3. 
3. 
2. 


Depth. 

Observed  veloc- 

1 
Depth. 

Obeerved  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Obeerved  vek»o- 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second- 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

0 

a32 

5 

8.42 

10 

2.90 

14.7 

2.52 

1 

8.19 

6 

8.18 

11 

2.89 

15.6 

2.03* 

2 

3.33 

7 

8.15 

12 

2.80 

3 

3.38 

8 

3.18 

13 

2.56 

4 

8.31 

9 

8.33 

14 

2.60 

No,  10,  taken  May  27. 

Distance  oat  from  east  base,  1,038  feet. 

Height  of  surface  of  water  above  Hartford  zero .....feet..  44.884 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .    2. 63 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .     2. 71 

Mean  velocity  of  river • feet  per  second..    2.70 

Direction  and  force  of  wind,  northwest,  1. 


;  Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 

1 
2 
3 

Feet 
2.65 
2.94 
8.07 
8.10 

Feet 
4 
5 
6 
7 

Feet 
2.98 
2.98 
2.65 
2.75 

Feet 

8 

9 
10 
11 

Feet 
2.53 
2.52 
2.39 
2.24 

Feet 
11.4 
12.2 

Feet 
1.92 
L34* 

No.  11,  taken  May  27. 

Distance  out  from  east  base,  1,132  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  northwest,  1. 


44.884 
2.32 
2.39 
2.70 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 

1 
2 

Feet 
2.54 
2.60 
2.60 

Feet 
3 

4 
5 

Feet 
2.57 
2.60 
2.31 

Feet 
6 
7 
8 

Feet 
2.09 
2.21 
2.07           ' 

Feet 
9 

9.6 
10 

Feet 
2.00 
1.76 
1.48* 
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No.  12,  taken  May  27. 
Distance  out  from  east  base,  1,200  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  44.884 

Keaui  in  rertical  plane  by  observed  velocities feet  per  second..     1. 19 

Mean  Telocity  in  vertical  plane  by  integration feet  i)er  second . .     1. 27 

Mean  Telocity  of  river feet  per  second..    2.70 

DifBction  and  force  of  wind,  northwest,  1. 


Depth. 

Observed  Teloc- 
ity per  second. 

1 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Ohserved  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

• 

1 

FmL 
LOS 
L23 

F^eL 
2 
8 

Feet 
L36 
LOS 

Feet 
3.4 
4.2 

Feet 
L06 

asa* 

F^et 

F^t 

BfETER-OBSERVATIONS  AT  POSITION  O. 

Cwrrent-meteTf  No,  1. 

No.  13,  taken  June  18. 

Distance  ont  from  east  base,  102  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

UtuL  in  vertical  plane  by  observed  velocities feet  per  second . 

Jfean  velocity  in  vertical  plane  by  integration feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  4  and  5. 


42.083 
0.79 
0.84 
1.41 


Deiith. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FmL 

0 

1 

FeeL 

asi 

Feet 
2 
8 

Feet 
LOS 
a03 

Feet 

4 
5 

Feet 
a  42 
0.52 

Feet 
&4 

Feet. 
0.84* 

No.  14,  taken  June  18. 

Distance  ont  from  east  base,  195  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet . 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  4. 


42.083 
0.92 
0.96 
1.41 


Depth. 


Observed  veloc- 
ity per  second. 


FaeL 

Feet. 

• 

L20 

1 

L25 

2 

L38 

3 

L19 

Depth. 


Feet 

4 
6 
6 
7 


Observed  veloc- 
ity per  second. 


Feet 
L24 
L13 
L20 
0.85 


Depth. 


Feet 

8 

9 
10 
11 


Observed  veloc- 
ity per  second. 


FeeL 
0.99 
0.97 
LOS 
0.89 


Depth. 


Feet 

12 

13 

13.9 

14.3 


Observed  veloc- 
ity per  second. 


Feet 
0.55 
0.54 
0.38 
0.25* 
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No.  15,  taken  June  18. 

Distance  out  from  east  base,  309  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet..  42.01 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .    hZ 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. .    1. 1 

Mean  velocity  of  river feet  per  second. .    1.  « 

Direction  and  force  of  wind,  northwest,  4. 


Depth. 

Obacrved  veloc- 

1 
Depth. 

Obterved  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  velc 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  secon* 

Feet 

FeeL 

Feet 

Feet 

Feet 

Feet 

FeeL 

Feet 

0 

L49 

8 

L50 

12 

L27 

18 

0.88 

1 

L49 

7 

1.49 

13 

L23 

19 

0.62 

2 

L56 

8 

1.50 

14 

L26 

19.4 

a3e^ 

8 

L50 

9 

L30 

15 

1.24 

4 

LOO 

10 

L24 

16 

0.92 

5 

L57 

U 

1 

L32 

17 

0.94 

Xo.  16,  taken  June  16. 

Distance  out  from  east  base,  309  feet. 

Height  of  surface  of  water  aliove  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  southeast,  4. 


41. 3S 
1.03 
l.OJ 
1.1^ 


Deptli. 

• 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  velc 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  secon 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

0 

0.98 

6 

L22 

12 

L15 

18 

a46 

1 

0.96 

7 

L22 

13 

L22 

1&4 

0.63 

2 

L21 

8 

L21 

14 

0.95 

las 

0.29* 

3 

1.25 

9 

L14 

15 

0.96 

4 

1.13 

10 

1.08 

16 

1.02 

5 

L23 

11 

1.21 

17 

0.76 

No,  17,  taken  June  16. 

Distance  out  from  east  base,  437  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  southeast,  4. 


41.3 
1.3 
1.2 
1.1 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  vel 
ity  per  seoon 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet.    . 

Feet 

Feet 

0 

1.60 

5 

1.54 

10 

L46 

15 

L27 

1 

1.43 

6 

1.57 

11 

1.43 

16 

0.89 

2 

L42 

7 

L53 

12 

L28 

17 

LU 

8 

1.51 

8 

1.40 

13 

L27 

17.8 

0.72 

4 

1.61 

9 

L52 

14 

L31 

18.2 

0.46* 
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No,  18,  taken  June  15. 

Distance  oat  from  east  base,  546  feet. 

Eagbi of  mrface  of  water  above  Hartford  zero feet. .  41. 423 

Meao  in  rertieal  plane  by  observed  velocities feet  per  second. .     1.  41 

Mean  Telocity  in  vertical  plane  by  integration feet  per  second. .     1.  45 

Mean  velocity  of  river -. feet  per  second. .     1.  17 

Direetion  and  force  of  wind,  calm. 


Depth. 

ObicrTed  veloc- 

Depth. 

Obeerved  veloc- 

Depth. 

Obaerred  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FtA 

Feet 

JFWt 

FeeL 

FeeL 

FeeL 

FeeL 

Feet. 

L58 

5 

L50 

10 

1.42 

15 

L23 

1               L58 

8 

L59 

11 

L40 

16 

1.00 

2              L«l 

7 

L54 

12 

L23 

16.8 

0.02 

3               L49 

8 

1.40 

13 

L23 

17.2 

0.73* 

•  (.     ^« 

9 

L49 

14 

L15 

No,  19,  iakm  June  15. 
Distance  out  from  east  base,  652  feet. 


Hf^t  of  snrface  of  water  above  Hartford  zero feet. 

J(an  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  Telocity  in  vertical  plane  by  integration feet  per  second , 

Ifean  Telocity  of  river feet  per  second, 

Direction  and.  force  of  wind,  calm. 


41.423 
1.44 
1.42 
1.17 


DiptL 

Observed  veloc- 
ity per  seoond. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

i 
I 
2 
3 
4 

FeeL 
1.62 
1.45 
1.00 
1.59 
1.63 

FeeL 
5 
6 
7 
8 
9 

FeeL 
L74 
L57 
L45 
L51 
L51 

FeeL 

10 
11 
12 
18 
14 

Feet. 
1.40 
L30 
1.43 
1.16 
L22 

FeeL 
15 
15.8 
16.2 

FeeL 
L20 
0.80 
0.64* 

jVo.  20,  taken  June  10. 
Distance  ont  frt)m  east  base,  756  feet. 


aghtof  surface  of  water  above  Hartford  zero feet. 

ma  in  vertical  plane  of  observed  velocities feet  per  second . 

ean  velocity  in  vertical  plane  by  integration feet  jier  second . 

can  velocity  of  river .feet  per  second, 

Direction  and  force  of  wind,  calm. 


42. 747 
2.01 
1.97 
1.70 


i^Uu 


FeeL 
• 
1 
2 

3 

4 


Observed  veloc- 
ity per  aeoond. 


FeeL 

2.17 
2.11 
2.00 
2.19 
2.20 


Depth. 


FeeL 
5 
6 
7 
8 
9 


Observed  veloc- 
ity per  second. 


FeeL 
2.03 
2.07 
2.15 
2.18 
2.16 


Depth. 


FeeL 
10 
11 
12 
13 
14 


Observed  veloc- 
ity i>er  second. 


FeeL 
1.95 
L08 
1.82 
L91 
L80 


Depth. 


FeeL 
15 
16 
16.4 


Observed  veloc- 
ity per  second. 


FeeL 
L47 
1.20 
L14* 
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Xo.  21,  taken  June  10. 

Distanoe  oat  from  east  base,  858  feet. 

Height  of  snrface  of  water  above  Hartford  zero.....* feet. 

Mean  in  vertical  plane  bv  observed  velocities..... ....feet  per  second. 

Mean  velocity  in  verticiu  plane  by  integration.  ...* feet  per  second. 

Mean  velocity  of  river ....feet  per  second, 

Direction  and  force  of  wind,  calm. 


Depth. 

Obserred  veloc- 
ity per  second. 

Depth. 

Obserred  veloc- 
ity per  second. 

Depth- 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  vel«:^* 
ity  per  secori*^ 

Feet 

0 
1 
2 
3 

4 

Feet 
2.14 
2.07 
2.07 
2.U 
2.15 

FeeL 
5 
6 
7 
8 
9 

FeeL 
2.16 
2.08 
2.05 
1.05 
L96 

Feet 
10 
11 
12 
13 
14 

Feet 
1.86 
L81 
1.73 
1.65 
L69 

Feet 

14.7 
15.1 

Feet 

L32 

L09» 

No,  22,  taken  June  10. 

Distance  oat  from  east  base,  949  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet..  42.747 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .  1. 64 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .  1. 66 

Mean  velocity  of  river.... feet  per  second..  1.70 

Direction  and  force  of  wind,  calm. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 

1 
2 
3 

Feet 
L83 
1.90 
L88 
1<80 

Feet 
4 
5 
6 
7 

Feet 

1.86 
L79 
L66 
1.62 

Feet 

8 

9 
10 
U 

Feet 
1.68 
1.41 
1.42 
L39 

Feet 
12 
12.3 
12.7 

Feet 
L30 
L06 
0.72* 

No.  23,  taken  June  10. 

Distance  oat  from  east  base,  1,040  feet. 

Height  of  snrface  of  water  above  Hartford  zero ..feet..  42.747 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     1. 42 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .     1. 45 

Mean  velocity  of  river feet  per  second..     1.70 

Direction  and  force  of  wind,  north,  1. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Ob«erved  veloc- 
ity per  aeoood. 

Feet 
0 

1 
2 

Feet 
1.61 
1.58 
L60 

Feet 
3 

4 
5 

Feet 
1.63 
1.58 
1.39 

Feet 
6 

7 
8 

Feet 
1.46 
1.37 
1.35 

FeeL 
9 

9.9 
10.3 

FeeL 
LOT 
0.06 
0.53* 
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No,  34,  taken  June  9. 

Distance  oat  from  east  base,  1,176  feet. 

Height  of  snr&ce  of  water  above  Hartford  zero feet..    43.097 

MeaD  in  rertieal  plane  by  obaerved  velocities feet  per  Hecond . .       0. 92 

MesQ  TeJocitj  in  vertical  plane  by  integration not  taken. 

Mean  Teloeity  of  river...... feet  per  second..      1.80 

DmeUon  and  force  of  wind,  south-southwest,  1. 


^'^^^itj  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

t              LOO 

1  LOT 

2  L14 

Feet 
8 
4 
5 

Feet 
L12 
0.06 
a87 

Feet 
6 

8.5 
8.9 

Feet. 
0.75 
0.85 
a  10* 

Feet 

Feet 

METKR-OBSERVATIONS  AT  P08ITI0X  B. 

Current-meteTy  Xo,  1. 

No.  25,  taken  May  28. 

Distance  out  from  east  base,  83  feet. 

Btight  of  surface  of  water  above  Hartford  zero feet. 

Jfcan  in  vertical  plane  bv  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

ifean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  1. 


44.30 
2.66 
2.83 
3.50 


juMOh.  Obaerved  veloc- 
^'^    ity  per  second. 

1 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
9 
1 
2 

Feet 
2.88 
2. 83 
3w08 

Feet 
8 

4 
5 

Feet 
&05 
2.89 
2.78 

Feet 
8 
7 
7.5 

Feet 
2.28 
2.01 
L67 

Feet 

8 

Feet 
L33* 

No.  26,  taken  May  2a 

Distance  out  from  east  base,  197  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

velocity  of  river .feet  i^er  second. 

Direction  and  force  of  wind,  northwest,  1. 


44.30 
3.47 
3.35 
3.50 


SeptiL 


FeeL 
9 
1 
2 


Observed  veloo- 
itj  per  second. 


Feet 
2.CS 
4.00 
X92 


Depth. 


Feet 
3 
4 
5 


Observed  veloc- 
ity per  second. 


Feet 
8.80 
8.91 
&18 


Depth. 


Feet 
6 
7 
7.8 


Observed  veloc- 
ity per  second. 


Feet 
8. 28 
2.94 
2.48 


Depth. 


Feet 
8 


Observed  veloc- 
ity per  second. 


Feet 
L83* 
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No,  27,  taken  May  28. 

Distance  oat  from  east  base,  312  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet. 

Meau  in  vertical  plane  bv  observed  velocities.... ...feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river  ...., feet  i>er  second. 

Direction  and  force  of  wind,  northwest,  1. 


44 

a 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  V 
itypersecf 

Feet. 
0 

1 
2 

Feet 
4.07 
4.09 
4.20 

Feet 
3 

4 
5 

Feet 
3.84 
3.65 
3.51 

Feet 
6 
7 
7.6 

Feet 
3.13 
2.64 
2.42 

Feet 

8 

Feet 
2.09* 

No.  28,  taken  May  28. 

Distance  oat  from  east  base,  425  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet. 

Meau  in  vertical  plane  by  observed  velocities • feet  per  second. 

Meau  velocity  in  vertical  plane  by  integration feet  per  second . 

Mean  velocity  of  river feet  x>er  second. 

Direction  and  force  of  wind,  southwest,  1. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  ^ 
ityperseo 

Feet. 
0 

1 
2 

Feet 
3.96 
4.41 
4.13 

1 

Feet 
3 

4 
5 

Feet 
4.25 
3.78 
3.62 

Feet 
6 
7 
7.2 

Feet 

ai2 

2.48 
2.66 

Feet 
7.6 

Feet 
2.18* 

Xo,  29,  taken  May  28. 

Distance  out  from  east  base,  530  feet. 

Height  of  surface  of  water  above  Hartford  «ero feet. 

Mean  in  vertical  plane  by  observed  velocities... feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second , 

Mean  velocity  of  river feet  per  second. 

Direction  and  fdrce  of  wind,  southwest,  2. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  ^loc- 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed"' 
ity  per  sec 

Feet 
0 

1 
2 

Feet 
4.05 
3.95 
4.18 

Feet 
3 

4 
5 

Feet. 
4.04 
4.02 
4.03 

Feet. 
6 

7 
8 

Feet 
3.66 
8.42 
3.47 

Feet 
9 

9.9 
10.3 

FeeL 

2.77 
2.39 
2.00* 
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No,  30,  taken  May  28. 
Distance  out  fh)m  east  base,  610  feet. 

Height  of  gnrface  of  water  above  Hartford  zero feet. 

M«an  in  vertical  plane  by  observed  velocities....- ...feet  per  second. 

Mmd  relof itj  in  vertical  plane  by  integration feet  i>er  second . 

Meaovdocity  of  river feet  per  second. 

Direction  and  force  of  wind,  sonthwest,  2. 


44.:)0 
3.63 
3.72 
3.50 


DrptL 


GbterrtA  veloc- 
itjperfleeond. 


Feet 
4.30 
187 
443 
430 
428 


Obnerved  veloc- 

Depth. 

ity  per  second. 

Feet 

Feet 

3.95 

10 

8.86 

11 

4.04 

12 

4.13 

13 

3.96 

14 

Observed  veloc- 

Depth. 

ity  per  second. 

Feet 

Feet 

3.71 

15 

8.51 

15.5 

2.56 

2.86 

2.39 

Observed  veloc- 
ity per  second. 


Feet 

2.25 

L89* 


No.  31,  taken  May  28. 

Distance  out  from  east  base,  710  feet. 

Fdjerht  of  surface  of  water  a1>ove  Hartford  zero ...feet..  44.30 

Jfein  in  vertical  plane  by  observed  velocit ies feet  per  second . .  3. 94 

3fran  velocity  in  vertical  plane  by  integration feet  per  second . .  3. 95 

Jfeao  velocity  of  river feet  per  second..  3.50 

Direction  and  force  of  wind,  northwest,  3. 


DlCftiL 

Obeerved  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc. 
ity  per  second. 

Feet 

1 
2 
3 

Fe«t 
4.29 
4.88 
4.31 
4.63 

Feet 

4 
5 
6 

7 

Feet 
4.42 
4.30 
3.79 
4.11 

Feet. 

8 

9 
10 
11 

Feet 
3.92 
3.50 
3.48 
2.65 

Feet 
11.5 
12 

Feet 
2.59 
1.63* 

No.  32,  taken  May  29. 

Distance  out  from  east  base,  836  feet. 

ieight  of  surface  of  water  above  Hartford  zero , feet. 

ifean  in  vertical  plane  by  observed  velocities ....feet  per  second. 

tfean  velocity  in  vertical  plane  by  integration feet  per  second, 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  1. 


43.666 
3.97 
4.41 
3.21 


Tv_*i.     Observed  veloc- 
**'*^  1  ity  per  seeond. 

1 

Depth. 

Observed  veloc- 
ity per  seconcL 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 

• 
1 

2 

Feet 
8.75 
4.05 
4.63 

Feet 
3 
4 
5 

Feet 
4.36 
4.32 
8.96 

Feet. 
6 

6.9 
7.6 

Ftet. 

a48 

3.18 
2.86* 

Feet 

Feet 
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No,  33,  iuken  May  29. 

Distance  oat  fh)m  east  base,  910  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Meaii  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  calm. 


43.669 
3.8:1 
3.7^ 
3.21 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 
1 
2 

FeeL 
3.99 

8.81 
4.27 

FeeL 
8 

4 
5 

FeeL 
4.25 
8.92 
3.88 

FeeL 
6 
7 
7.6 

FeeL 
3.83 
3.08 
2.81* 

FeeL 

FeeL 

No.  34,  taken  May  29. 
Distance  out  fix>m  east  base,  1,020  feet. 

Height  of  sorface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration..... feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  calm. 


43.666 
3.51 
3.50 
3.21 


X>epth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

DepUi. 

Observed  veloc- 
ity per  second. 

FeeL 

0 

1 
2 

FeeL 
8.88 
3.97 
8.70 

FeeL 
8 

4 
5 

FeeL 
8.79 
3.88 
8.13 

FeeL 
6 

6.7 
7.1 

FeeL 
8.11 
2.58 
2.22* 

FeeL 

FeeL 

No,  35,  taken  May  29. 
Distance  ont  from  east  base,  1,140  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

•Direction  and  force  of  wind,  calm. 


4a  666 
3.27 
3.51 
a  21 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet. 
0 
1 
2 

FeeL 
3.39 
3.35 
3.70 

FeeL 
8 
4 
5 

FeeL 
8.39 
a45 
3.55 

FeeL 
6 

6.8 
7.2 

FeeL 

2.96 
2.58 
2.29* 

FeeL 

FeeL 
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No.  36,  takm  May  29. 

Distance  out  from  east  base,  1,240  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  43.666 

Ifean  in  vertical  plane  by  observed  velocities feet  per  second . .  2. 92 

MeiD  velocity  in  vertical  plane  by  integration feet  per  scicond . .  3. 12 

Mean  velocity  of  river feet  per  second..  3.21 

Direction  and  force  of  wind,  sonthwest,  1. 


^*P*^    ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 

9 

1 
2 

1 

FeeL 
3.10 
3.46 
a45 

FeeL 
3 

4 
6 

FeeL 
8.42 
2.92 
8.17 

FeeL 
6 
7 
7.6 

FeeL 
2.51 
L96 
L91 

FeeL 

8 

Feet 
L20* 

No,  37,  taken  June  1. 

Distance  oat  from  east  base,  1,300  feet. 

Hd^t  of  surface  of  water  above  Hartford  zero..... feet. 

Hon  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration ^feet  x)er  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  calm. 


42.277 
2.56 
2.53 
2.56 


Dspth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth.' 

Observed  veloc- 
ity per  second. 

• 
1 
2 

FeeL 
2.79 
2.90 
2.95 

FeeL 
3 

4 
5 

FeeL 
2.97 
2.74 
2.75 

FeeL 
6 
7 
8 

FeeL 
2.55 
2.37 
2,13 

FeeL 
&9 
9.8 

FeeL 
L46 
0.78* 

MSTEB-OBBERYATIOXS  AT  POSITION  O. 

Curreni^meter  No.  1. 

No.  38,  taken  June  2. 

Distance  ont  from  east  base,  51  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Ifean  in  vertical  plane  bv  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

I^reetion  and  force  of  wind,  northwest,  1. 


42.387 
0.49 
0.46 
1.87 


jj_iv    Obserred  veloo- 
"^r*»-    ijy  p^r  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observied  veloc- 
ity per  second. 

Feet             FeeL 

•             a  51 

1                 0.51 

FeeL 
2 
3 

FeeL 
a  75 

a«2 

Feet 

4 
5 

Feet 
0.59 
0.22 

Feet 
5.9 
8.2 

FeeL 

0.0 

0.0* 
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Xo.  39,  iak€u  Jmme  2. 

Distance  oat  from  east  base,  875  feet. 

Height  of  snrface  of  water  above  Hartford  zero ...... ......feet..  42.; 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second . .  0. 1 

Mean  velocity  in  vertical  plane  by  integration  ...... ....  ....feet  per  second..  0.1 

Mcian  velocity  of  river..... ...feet  per  second..  l.i 

Direction  and  force  of  wind,  northwest,  1. 


Depth. 


jv^^l^  I  Observed  veloc-     t)«-,*i,    Obserred  veloc-     n«„*|.    Observed  veloc- 
*"■     ,  ity  per  aecond.     ^^^*''*-     ity  per  second.     ^^^^^*'    ity  per  second. 


Observed  velfle 
ity  per  second. 


Feet 

FeeL 

l-set 

JWt 

:    FeeL 

1 
FeeL 

FeeL 

FeeL 

0 

L27 

4 

L12 

8 

L03 

12 

0.40 

1 

LOl 

5 

L02 

9 

a  01 

12.4 

0.28 

2 

LOl 

!        « 

LOS 

i       10 

0.87 

12.8 

0.04* 

3 

LOT 

;      7 

0.M 

U 

0.04            I 

Xo.  40y  taken  June  2. 

Distance  ont  from  east  base,  215  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  oljservetl  velocities feet  per  second, 

Mean  veWity  in  vertical  plane  by  integration ...feet  per  second. 

Mean  velocity  of  river .....feet  per  second. 

Direction  and  force  of  wind,  calm. 


42.38 
1.91 
1.88 
1.83 


1              •            ' 
T^_^4»,    Observed  veloc- 

Depth. 

Observed  veloc- 

T>^^4i-    Observed  veloc- 

Depth. 

Observed  vdfl 

JLiepin. 

ity  per  second.  ' 

i 

ity  per  second. 

jjepto. 

ity  per  second. 

ityper  seconi 

FeeL 

1 
FeeL 

FeeL 

FeeL 

!    FeeL 

FeeL 

FeeL 

FeeL 

0 

2.27 

6 

2.10 

12 

L06 

18 

L48 

1 

2.10 

7 

2.04 

13 

L02 

18.9 

L02 

2 

2.10 

8 

2.07 

14 

LOl 

19.3 

0.65* 

3 

2.20 

9 

LOO 

15 

Le2 

4 

2.12 

10 

2.02 

16 

L64 

5 

2.11           1 

1 

U 

L79 

17 

L55 

i 

j 

Xo,  41,  taken  June  2. 

Distance  out  from  east  base,  290  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  calm. 


42. 3( 
2.5] 
2.4( 
1.8: 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  vek 
ity  per  secon 

FeeL 

Feet. 

FeeL 

FeeL 

FeeL 

Feet. 

FeeL 

FeeL 

0 

2.80 

6 

2.79 

12 

2.76 

18 

2.12 

1 

3.01 

7 

2.70 

13 

2.59 

19 

2.00 

2 

2.00 

8 

2.87 

14 

2.44 

20 

L72 

8 

2.80 

9 

2.02 

15 

2.50 

21 

L58 

4 

2.87 

10 

2.48 

16 

2.45 

2L9 

L65 

6 

2.89 

11 

2.80 

17 

2.23 

22.3 

L30» 
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No,  42,  taken  June  2. 

Distance  oat  from  east  base,  410  feet. 

Heigbiofsnrfaceofwat'er  above  Hartford  zero.... ..feet..  42.387 

Mean  in  vertical  plane  by  observed  velocities feet  j^er  second . .     2.71 

Uem  Telocity  in  vertical  plane  by  integration feet  per  second .  •     2. 70 

Uean  relodty  of  river feet  per  second..     1. 87 

Dfrectioo  and  force  of  wind,  calm. 


1     riMt^i.  '  Observed  veloe- 
f     ^^5^    ityperseeond. 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

/«t             FuL 

Feet 

FeeL 

Feet. 

Feet 

Feet 

Feet. 

9                  3L0S 

6 

3.03 

12 

2.84 

18 

2.23 

I 

2.50 

7 

2.88 

13 

2.90 

19 

2.07 

3 

2.74 

8 

2.81 

14 

2.83 

20 

1.71 

3 

ao3 

9 

ao3 

15 

2.78 

20.4 

1.71 

i            ao7 

10 

2.97 

16 

2.75 

20.8 

1.43* 

5                  Z8i 

U 

2.73 

17 

2.36 

Ab.  43,  taken  June  2. 

Distance  out  from  east  base,  454  feet. 

Height  of  snrfjEice  of  water  above  Hartford  zero feet-. 

Mesi  in  vertical  plane  by  observed  velocities feet  per  second., 

Mean  velocity  in  vertical  plane  by  integration feet  i>er  second., 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


42.387 

2.58 
2.57 
1.87 


Dc^h. 

Observed  Teloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  i>er  second. 

ity  per  second. 

ity  per  second. 

FmL 

FeeL 

Feet 

Feet 

Feet. 

FeeL 

Feet. 

Feet 

9 

2.45 

6 

2.71 

12 

2.60 

18 

1.82 

1 

2.58 

7 

2.86 

13 

2.62 

19 

1.78 

» 

2.03 

8 

2.72 

14 

2.32 

19.3 

1.83 

i 

2.92 

9 

2.80 

15 

2.32 

19.7 

L56* 

4 

2.93 

10 

2.70 

16 

2.63 

5 

2.84 

1      11 

2.70 

17 

2.42 

Xo.  44,  iaken  June  3. 

Distance  out  from  east  base,  515  feet. 

Hei^t  of  surface  of  water  above  Hartford  zero feet..  42.290 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     2. 17 

Kean  velocity  in  vertical  plane  by  integration feet  i)er  second..     2. 13 

Mean  velocity  of  river ...feet  per  second..     1.81 

Direction  and  force  of  wind,  southwest,  3. 


|v^.     ObtKTvedTeloe- 
^'^    ity  per  second. 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

FmL               Fe€t, 

FeeL 

Feet 

Feet. 

Feet 

Feet 

Feet 

0                  2L54 

6 

2.42 

12 

2.15 

18 

1.72 

1     1             2.96 

7 

2.40 

13 

1.92 

19 

1.36 

2     1             2:71 

8 

2.24 

14 

1.96 

19.3 

1.20 

3     1              2L40 

9 

2.29 

15 

2.04 

19.7 

1.07* 

4                  2.4S 

10 

2.30 

16 

1.95 

5                  2.35 

11 

2.08 

17 

L90 
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XQ,4^takemJmme2. 

out  firam  east  bABCy  COOIiDet. 

Height  of  smfkce  of  water  above  Hartford  zero. feet.. 

Mean  in  vertical  plane  by  observed  velocities  ..... ...... ....feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration  .•••. feet  per  second. 

Mean  velocity  of  river ............  ........................ .fe«t  per  second, 

Direction  and  force  of  wind,  calm. 


42.38! 
1.9a 
1.8S 
L83 


Depth. 

Observed  veloc- 

Depth. 

1 

Obscrred  veloc- 

Depth. 

Observed  veloc- ' 

Depth. 

Observed  vel<M 

ity  per  second. 

ity  per  second. 

ity  per  seoond.  | 

i 

ity  per  seoood. 

FetL 

FeeL 

Feet 

FmL 

IWt 

FttL 

FeeL 

F9eL 

0 

2.01 

1       5 

2.U 

10 

LOl 

15   , 

1.65 

1 

L71 

1       « 

2.09 

1      11 

2.05 

16 

L52 

2 

L99 

1       '' 

2.06 

1      12 

L95 

17 

1.28 

8 

2.U 

8 

2.01 

;    13 

2.00 

17.4 

LIO* 

4 

2.07 

9 

1 

2.03 

•      14 

L83 

No,  46,  iakm  June  3. 

Distance  ont  from  east  base,  720  feet. 

Heigbt  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  observation feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  southeast,  1. 


42.2 
1.4 
1.4 
l.t 


Dopth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  velo 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  seconc 

F«€L 

FeeL 

FuL 

FeeL 

FeeL 

FeeL           1 

FeeL 

FeeL 

0 

L66 

5 

L51 

10 

L54 

15 

0.81 

1 

L49 

6 

L61 

11 

L30 

15.2 

0.70 

2 

L82 

7 

L50 

12 

L22 

15.6 

0.5»* 

3 

LOS 

8 

L53 

13 

L08 

4 

L64 

9 

1 

L55 

14 

L27 

No,  47,  taken  June  3. 

Distance  out  from  east  base,  832  feet. 

Height  of  surface  of  water  above  Hartford  zero  feet 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  southeast,  1. 


42.i 
IJ 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  velo 
ity  per  second 

FeeL 

0 
1 
2 
8 

FeeL 
L54 
155 
LOG 
1.64 

FeeL 
4 

5 
6 
7 

FeeL 
L53 

L60 
151 

FeeL 

8 

9 
10 
U 

FeeL 
L56 
L45 
L32 
0.93 

FeeL 
12 
12.7 
13.1 

FeeL 

0.81 
0.87 
0.61 
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No,  48,  taken  June  3. 

Distance  out  from  east  base,  950  feet. 

kit  of  gnrfaoe  of  water  above  Hartford  zero feet. 

I  in  vertical  plane  bv  observed  velocities  .    feet  per  second, 

I  v*-UK'ity  in  vertical  plane  by  integration feet  i)er  second. 

1  veU»city  of  river feet  per  second. 

rection  and  force  of  wind,  southeast,  2. 


42,29 
0.90 
0.93 
1.81 


th. 


Ol««»TTed  tpIoc- 


ity  per  iiecond. 


FeeL 

1.03 
L06 
0.97 


Depth. 


Observed  vel«K", 
ity  per  itecond. 


Obaerved  veloc- 
ity per  second. 


Feet 

as 


Observed  veloc- 
ity per  second. 


Feet. 
0.50* 


No.  49,  taken  June  3. 

Distance  out  from  east  base,  996  feet. 

fht  of  surface  of  water  above  Hartford  zero feet . 

D  in  vertical  plane  by  observed  velocities feet  per  second. 

nreloeiry  in  vertical  (dane  by  integration feet  per  second. 

D  Telocity  of  river feet  per  second , 

rection  and  force  of  wind,  south,  2. 


42.29 
0.73 
0.75 
1.81 


h. 

Oh«<»rved  veloc- 
ity i>er  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth- 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

- 

FeeL 
0.85 
0.83 

Feet 
2 
3 

Feet. 
0.94 
0.72 

Feet 

4 
4.8 

Feet 
0.54 
0.50 

Feet 
5.2 

FeH. 
0.40* 

No.  50,  taken  June  6. 

Distance  out  frt)m  east  base,  93  feet. 

;htof  surface  of  water  above  Hartford  zero feet. 

1  in  vertical  plane  by  observed  velocities  .^ feet  per  second. 

1  veliH-ity  in  vertical  plane  by  observation feet  per  second. 

I  vekH-ity  of  river feet  per  second. 

rection  and  force  of  wind,  calm. 


42.07 
0.47 
0.45 
1.75 


^  Observed  veloc-  '   T)«,f  i.     Observed  veloc-  ' 
ity  per  second.      ^^      1  ity  per  second. 

!                                                                 ' 

1 
Depth. 

1 
Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  (Mtcond. 

Feet 

0.55 
0.56 
0.63 
0.71 

1 
Feet 

4 
5 
6 

7 

i 

Feet 

0.56 
0.47 
0.66 
0.65 

Feet 

8 

0 
10 
11 

FeeL 

0.41 
0.34 
0 
0 

FeeL 
11.5 
1L9 

Fe^L 
0 
0* 

22e 
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Xo.  51,  tiiken  June  6. 

Distance  out  from  east  base,  310  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second, 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river .• feet  per  second. 

Direction  and  force  of  wind,  calm. 


SI 
1.  • 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  vekH 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  seeoaA' 

FeeL 

FeeL 

FeeL 

FeeL 

Feet. 

FeeL 

FeeL 

FeeL 

0 

2.42 

6 

2.54 

12 

2.23 

18 

1.98 

1 

2.10 

7 

2.58 

13 

2.18 

19 

L75 

2 

2.34 

8 

2.46 

14 

2.43           i 

20 

1.84 

3 

2.52 

0 

2.46 

15 

2.32 

21 

1.49 

4 

2.48 

10 

2.47 

16 

2.02 

2L1 

1.45 

5 

2.46 

11 

2.22 

17 

1.94 

2L5 

1.24* 

Xo,  52,  taken  June  6. 

Distance  out  from  east  base,  507  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  jier  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  calm. 


42.a 
1.8 
1.9 
1.7 


Depth. 

Obsen'ed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  vek 

ity  per  second. 

ity  per  sooond. 

ity  per  second. 

ity  per  seoonx 

FeeL 

FeeL 

FeeL 

FeeL 

Feet, 

FeeL 

FuL 

FeeL 

0 

2.11 

6 

2.04 

12 

1.90 

18 

1.48 

1 

1.86 

7 

L91 

13 

1.74 

19 

1.38 

2 

2.16 

8 

2.07 

14 

1.84 

19.8 

0.89 

3 

2.15 

9 

2.03 

15 

1.91 

20.2 

0.55* 

4 

L98 

10 

1.77 

16 

1.64 

5 

2.08 

11 

1.05 

17 

L67 

Xo,  53,  taken  June  6. 

Distance  out  from  east  base,  707  feet. 

Height  of  surface  of  water  above  Hartford  zero feet , 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second, 

Mean  velocity  of  river feet  iier  second. 

Direction  and  force  of  wind,  southwest,  1. 


42. 
1. 
0. 
1. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  vel 

ity  i>er  second. 

ity  per  second. 

ity  per  second. 

ity  per  seoox 

Feet. 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

Feet. 

FeeL 

0 

L30 

5 

1.12 

10 

0.91 

15 

0.36 

1 

1.30 

6 

L12 

11 

0.94 

15.4 

car 

2 

1.32 

7 

1.20 

12 

0.96 

3 

1.27 

8 

1.07 

13 

0.79 

4 

1.28 

9 

L13 

14 

0.60 
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yb,  54,  taken  June  6. 
Distance  out  from  east  base,  885  feet. 

%bt o/ surface  of  water  above  Hartford  zero feet.. 

»a  in  vertical  plane  by  observed  velocities feet  per  second . . 

•ao  velof ity  in  vertical  plane  by  integration feet  per  second . . 

an  Telocity  of  river feet  per  second.. 

)ii«ction  and  force  of  wind,  southwest,  1. 


42.07 
0.98 
1.03 
1.75 


xj.  t  Observed  reloc- 

Depth. 

Observed  veloc- 

Depth. 

Ohiierved  veloc- 

Depth. 

Observed  veloc- 

IB 

M 

'  ity  per  ateaod. 

ity  per  second. 

ity  i>er  second. 

ity  per  second. 

1         Fiet. 

Feet 

Feet. 

Feet 

Feet. 

Feet. 

Feet. 

L06 

4 

CM 

8 

1.10 

12 

0.70 

0.84 

5 

L15 

9 

0.98 

12.4 

0.46* 

LOT 

6 

1.09 

10 

1.05 

L14 

7 

1.13 

11 

0.64 

• 

CURRENT  OBSERVATIONS    AT  POSITION  O. 


Current-meter  No,  2. 

Xo,  55,  taken  July  24. 

Distance  out  from  east  base,  238  feet. 

tof  .surface  of  water  above  Hartford  zero - feet.. 

iu  vertical  plane  by  observed  velocities feet  per  second . . 

velocity  in  vertiical  plane  by  integration feet  i>er  second.. 

relocity  of  river feet  per  second . . 

diou  and  force  of  wind,  southwest,  I. 


40. 445 
0.43 
0.50 
0.79 


Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 
Feet 

Observe*!  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

FeeL 

Feet 

Feet. 

Feet 

Feet 

a  47 

5 

0.59 

10 

0.47 

15 

0.44 

6 

0.60 

11 

16 

0.42 

7 

0.56 

12 

16.2 

0.17 

a38 

8 

0.54 

13 

0.40 

16.6 

0.13* 

0.47 

9 

0.49 

1 

14 

Xo,  56,  taken  July  24. 

Distance  out  from  east  base,  252  feet. 

it  of  surface  of  water  above  Hartford  zero feet. 

in  vertical  plane  by  observed  velocities feet  per  second. 

velocity  in  vertical  plane  by  integration feet  per  second . 

Telocity  of  river feet  per  second. 

ection  and  force  of  wind,  southwest,  1. 


40. 445 

0.78 
0.83 
0.79 


Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observwl  veloc- 

ity per  second. 

ity  per  second. 

ity  i>er  second. 

ity  per  second. 

IM, 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

0.63 

5 

0.88 

10 

0.82 

15 

0.66 

a  70 

6 

0.93 

11 

0.77 

16 

0.62 

0.72 

7 

0.92 

12 

0.77 

17 

0.57 

aai 

8 

0.87 

13 

0.78 

17.5 

0.54* 

0.88 

9 

0.80 

14 

0.78 
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No,  57,  taken  July  24. 

Distauce  out  from  east  base,  454  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . .  40. 44 

Mean  in  vertical  plane  bv  observed  velocities ..•. feet  jier  second . -  0. 92 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .  0. 78 

Mean  velocity  of  river feet  per  second..  0.79 

Direction  and  force  of  wind,  southwest,  1. 


Depth. 

Observed  veloc- ' 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  vdw 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second 

Feet. 

FeeL 

Feet. 

Feet. 

Feet. 

Feet 

FeeL 

FeeL 

0 

0.80 

5 

1.05 

10 

L03 

15 

0.70 

1 

0.86            ' 

6 

1.07 

11 

LOO 

16 

0.68 

2 

0.01            ! 

7 

1.11 

12 

0.92 

16.9 

0.61 

3 

0. 95            1 

8 

1.05 

13 

0.91 

17.3 

0.57* 

4 

L03            I 

1 

9 

1.00 

14 

0.85 

Xo.  58,  taken  July  23. 

Distance  out  from  east  base,  544  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feot  per  second, 

Mean  velocity  in  vertical  plane  by  uitegration feet  per  second. 

Mean  velocity  of  river feet  per  second , 

Direction  and  force  of  wind,  northwest,  1. 


40.71 
l.Vk 
1.03 
0.i& 


Depth 

Observed  veloc- 

Depth 

Observed  veloc- 

Depth 

Observed  veloc- 

Depth. 

Observed  velo 

ity  per  second. 

ity  i>er  second. 

ity  per  second. 

ity  per  8e4X>n^ 

Feet 

FeeL 

FeeL 

Feet. 

FeeL 

FeeL 

FeeL 

Feet. 

0 

0.75 

5 

1.32 

10 

1.18 

15 

1.05 

1 

0.92 

6 

1.28 

11 

1.06 

16 

0.82 

2 

1.04 

7 

L25 

12 

1.08 

16.1 

0.80 

3 

1.08 

8 

1.19 

13 

L06 

16.5 

0.69* 

4 

1.33 

9 

L24 

14 

1.06 

Xo.  59,  taken  July  23. 

Distance  out  from  east  base,  638  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  1. 


40.71 
1.11 
1.1; 
0.8! 


Depth 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity -per  second. 

Depth. 

Observed  veloc- 
ity per  seC'Ond. 

Depth. 

Observed  veh 
ity  per  secom 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

0 

L23 

5 

1.29 

10 

L17 

15 

0.68 

1 

1.31 

6 

1.28 

11 

1.05 

15.1 

0.71 

2 

1.37 

7 

1.18 

12 

1.00 

15l5 

0.64* 

3 

1.29 

8 

1.15 

13 

0.95 

4 

1.30 

9 

L17 

14 

0.85 
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No,  60,  taken  July  23. 

Distance  out  from  east  base,  747  feet. 

Height  of  surface  of  water  above  Hartford  zero..., feet..  40.715 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .  1.21 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .  1 .  23 

Mean  velocity  of  river feet  per  second..  0.89 

Direction  and  force  of  wind,  calm. 


1 
Tv^u    Observed  veloc- 
^^^  ity  per  seoond. 

Depth. 

! 
Olxierved  veloc-  f 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

,  Depth. 

Observed  veloc- 
ity per  second. 

FmL            Feet 
9               L25 
1               L39 
i               L40 
9               L36 

Feet 
4 
5 
6 

7 

Fea. 
L32 
L34 
L31 
L23 

1 

Feet 

8 

9 
10 
11 

Feet 
L23 
L23 
L14 
LIO 

Feet 

12 

13 

13.9 

14.3 

Feet 
L04 
LOl 
0.77 
0.62* 

Xo.  61,  taken  July  22. 

Distance  out  from  east  base,  835  feet. 

of  surface  of  water  above  Hartford  zero feet . 

Ifean  in  vertical  plane  bv  observed  velocities feet  per  second . 

Jfean  velocity  in  vertical  plane  by  integration feet  per  second . 

Meaa  velocity  of  river feet  per  second 

Direction  and  force  of  wind,  calm. 


40. 883 
1.26 
1.25 
0.96 


1 

Ug^  Obeerred  veloc- 
^^   ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity i>er  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Ftet 

e 
1 
1 
i 

Feet 
a99 
LOS 
LIO 
L33 

Feet 

4 
5 
6 
7 

Feet. 
L37 
L42 
L49 
L40 

« 

Feet 

8 

9 

10 

11 

Feet 
L35 
L40 
L26 
L21     . 

Feet 

12 

13 

13.4 

13.7 

Feet 
L14 
LOO 
L06 
0.98* 

No,  62,  taken  July  22. 

Distance  out  from  east  base,  942  feet. 

of  surface  of  water  above  Hartford  zero feet. 

ifeain  in  vertical  plane  by  observed  velocities feet  per  second 

M«aii  velocity  in  vertical  plane  by  integration feet  per  second 

^lesn  velocity  of  river feet  i)er  second 

iHrection  and  force  of  wind,  north-northwest,  2. 


40. 883 
0.94 
0. 94 
0.96 


DpjU^  Observed  veloc- 
^^^  1  ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth- 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

1 
ftet             Feet 
•                0.75 

1  0.98 

2  L04 
2                L09 

Feet 

4 
5 
6 
7 

Feet 
LOO 
LOl 
0.99 
0.98 

Feet 

8 

9 
10 
10.9 

Feet. 
0.93 
0.82 
0.79 
0.61 

Feet 
1L2 

Feet 
0.68* 
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No.  63,  taken  July  22. 

Distance  out  from  east  base,  1,050  feet. 

Height  of  siirjaoe  of  water  above  Hartford  zero feet..        40.81 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .  0. 7< 

Mean  velocity  in  vertical  plane  by  integration Not  takei 

Mean  velocity  of  river feet  per  second..  0.9( 

Direction  and  force  of  wind,  north,  2. 


• 

Depth. 

Oliaerved  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  aeoond. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  vri« 
ity  per  secon 

Feet 
0 

1 
2 

Feet 
0.82 
0.84 
0.82 

Feet 
3 

4 
5 

Feet 
0.79 
0.76 
0.73 

Feet. 
6 

7 
7.8 

Feet 
0.62 
0.51 
a40 

Feet 
8.1 

i 

Feet 
0.35" 

No.  64,  taken  July  22. 

Distance  out  from  east  base,  1,140  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..     40.8 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .      0. 4 

Mean  velocity  in  vertical  plane  by  integration ,..-. Not  take; 

Mean  velocity  of  river feet  per  second..      0.9 

Direction  and  force  of  wind,  north,  2. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veh 
ity  per  secon 

Feet 
0 
1 

Feet 
0.60 
0.61 

Feet 
2 
3 

Feet 
0.56 
0.52 

Feet 
4 
5 

Feet 
0.44 
0.30 

Feet 
5.5 
&3 

Feet 
0.00 
0.05* 

No.  65,  taken  July  25. 

Distance  out  from  east  base,  627  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river - feet  per  second. 

Direction  and  force  of  wind,  south-southwest,  2. 


40,2 
0.8 
0.91 
0.6 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity i)er  second. 

Depth. 

Observed  veh 
ity  per  secon 

Feet 
0 
1 
2 
3 
4 

Feet 
0.96 
0.84 
0.93 
0.98 
0.99 

Feet 
5 
6 
7 
8 
9 

Feet 
1.00 
0.99 
0.97 
0.94 
0.95 

Feet 
10 
11 
12 
13 
14 

Feet 

0.87 
0.83 
0.78 
0.74 
0.66 

Feet 
15 
15.4 

Feet 
0.64 
0.61* 
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No,  66,  taken  July  25. 


Distance  out  from  east  base,  938  feet. 

Heij^ht  of  gnrface  of  water  above  Hartford  zero feet. 

Mean  io  vertical  plane  by  observed  velocities feet  per  second . 

Mfao  relocif ?  in  vertical  plaue  by  iute^n*fttion feet  i)er  second . 

M«ui  velocity  of  river feet  per  second, 

Direction  and  force  of  wind,  south-southwest,  1. 


40.226 
0.82 
0.77 
0.65 


I 

»jp^  Observed  Teloc- 
^^^   it  V  per  second. 

1 

I 
Depth. 

Obaerred  veloc- 
ity per  second. 

1  Depth. 

Obaorved  veloc- 
ity per  second. 

I 
Depth. 

OlMk»rved  veloc- 
ity  per  second. 

1 
hH           Feet 
•                0.82 
1                0.88 

i           a94 

3     1          0.92 

i 

Feet 

4 
5 
6 
7 

Feet 
C92 
C86 
CM 
CM 

Feet. 

8 

9 
10 
11 

Feet 
L06 
C76 
C67 
C31 

Feet 
11.5 

Feet. 
C17* 

No,  67,  taken  July  28. 

Distance  out  from  east  base,  330  feet. 

Hei^rht  of  surface  of  water  above  Hartford  zero feet..     39. 834 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .       0.  58 

Mean  Telocity  in  vertical  plane  by  integnvtion Not  taken. 

llean  velocity  of  river feet  per  second..       0. 51 

Direction  and  force  of  wind,  southwest,  2. 


I 

^^    ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

t 

Observed  veloc- 
ity per  second. 

|._.-, 

Feet 
C.54 

ce2 

C66 
C73 
C74 

FeeL 
5 
6 

7 
8 
9 

Feet 
C72 
C71 
C70 
C68 
C65 

FeeL 

10 
11 
12 
13 
14 

Feet 
C62 
C54 
C50 
C52 
C49 

Feet. 
15 
16 
17 
17.4 

Feet 
C44 
C43 
C18 
C06* 

No,  68,  taken  July  28. 

Distance  out  from  east  base,  646  feet. 

Heipht  of  surface  of  water  above  Hartford  zero feet . .  39. 8.34 

Mean  in  vertical  plane  by  observed  velocities feet  yer  second . .       0,  65 

Mean  vcIixm ty  in  vertical  plane  by  integration feet  per  second . .       0. 74 

Mean  velocity  of  river feet  per  second..       0. 51 

Direction  and  force  of  wind,  southwest,  3. 


Ikp^ 


ObfMTved  veloc- 
ity per  second. 


/vt 

FeeL 

C77 

C75 

a83 

0.71 

0.71 

Depth. 


Feet 

5 
6 
7 
8 


Observed  veloc- 
ity per  second. 


Feet 

C74 

ce9 

C70 
C68 
C70 


I 


Depth. 


Feet 
10 
11 
12 
13 
14 


Observed  veloc- 
ity per  second. 


Feet 
C66 
C60 
C58 
C56 
C44 


Depth. 


Observed  veloc- 
ity i)er  second. 


Feet 
14.5 
14.9 


Feet 
C20 
COO* 
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Xo.  69,  takrm  July  28. 

Distance  cMit  from  east  base,  90d*feet. 

Heifi^ht  of  snrfaoe  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  ol>?*er\'€*<i  velm-itie.s. feet  i)er  seeond. 

Mean  vt-locity  iii  vertical  plane  by  integration ....feet  j>er  swH'ond. 

Mean  vrlocity  of  river feet  per  second, 

Direction  and  force  of  wind,  sonthwest,  3. 


Depth. 


Obiicrved  veloc- 
ity per  second. 


n^«*v   '  Observed  veloc- 
^P**^!   ity  per  second- 


Observed  veloc- 


Observed 


^P**^,   ity  per  second.'    ^P^^'     ityi>er«. 


1 

1 

Feet,    i 

Fe^. 

1    FeeL 

FeeL 

»•    FeeL 

FeeL 

1 
1 

FeeL 

f«t 

0      1 

o.co 

4 

0.52 

8 

0.58 

1     10.0 

aw* 

1      ! 

0.54 

5 

0..56 

9 

0.36 

1 

2       i 

o.ati 

'       6 

0.57 

10      . 

0.50 

3       ' 

0.48 

,       7 

0.58 

10.  5 

1 

0.43 

i 

Xo.  70,  taken  June  25. 

Distance  out  from  east  base,  1,059  feet. 

Heiglit  of  snrface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second. 

Mean  vcbK?ity  in  vertical  plane  by  integration feet  i^r  second. 

Mean  velocity  of  river feet  "per  second 

Direction  and  force  of  wind,  west-northwest,  1  to  2. 


41 

1 
0 
1 


Depth. 


Feet. 
0 
1 
2 


Observed  veloc- 
ity per  second. 


Feet. 

L38 
L23 
L20 


Depth. 


FeeL 
3 

4 
5 


Observed  veloc- 
ity per  second. 


Depth. 


Feet. 
L12 
LIO 
LOl 


FeeL 
6 
7 
8 


Observed  veloc- 
ity per  second. 


FeeL 
0.98 
0.85 
a67 


Depth. 


FeeL 

ai 

&4 


Observed 
ity  per  s< 


Feet 
0.5 

a4 


Xo.  71,  tal^en  June  25. 

Distance  out  from  east  base,  1,161  feet. 

Height  of  surface  of  water  above  Hartford  zero feet 

Mean  in  vertical  plane  by  observed  velo<;'ities..-. feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second . 

Direction  and  force  of  wind,  calm. 


41 

0 
0 

1 


Depth. 

Observed  veloc- 
ity it^  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

ObserTe<l  veloc- 
ity per  second. 

Depth. 

Observed 
ity  per  st 

FeeL 
0 
1 

FeeL 
0.75 
0.77 

FeeL 
2 
3 

JPeet 
0.81 
0.77 

FeeL 
4 
5 

FeeL 

0.68 
0.52 

FeeL 
5.5 
5.8 

Feet 
0.3 

o.i; 
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No,  72,  taken  June  23. 

Distance  out  from  east  base,  158  feet. 

Height  of  sorface  of  water  above  Hartford  zero feet..  42.59 

Mean  in  Tertical  plane  by  observed  velocities .., feet  per  second . .     0. 98 

Mean  Telocity  in  vertical  plane  by  integration Not  taken. 

Mean  reJoeity  of  river feet  per  second . .     1.  84 

Dimrtion  and  force  of  wind,  southwest,  1  and  2. 


1 

jj^^  -  Observed  reloc- 
^^  it?  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

i 
Depth. 

• 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

0 
I 
2 
3 

Feet 
L03 
LOS 
LIS 
LIS 

Feet. 

4 
5 
6 
7 

Fut. 

LOS 
LIS 
LOS 
a98 

Feet. 

8 

9 

10 

ia5 

Feet 
0.98 
0.09 
0.89 
0.56 

Feet 
10.9 

Feet. 
0.40* 

JVb.  73,  taken  June  23. 

Distance  ont  from  east  base,  242  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . .  42. 59 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     1.  37 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .     l.*52 

Mean  velocity  of  river feet  per  second..     1.  84 

Direction  and  force  of  wind,  sonthwest,  1. 


BKpth. 

Obscrvtjd  veloc- ' 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second.  1 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet 

Feet 

Feet 

Feet 

Feet. 

Feet 

Feet 

Feet. 

0 

L37 

0 

L57 

12 

L28 

18 

LOS 

1 

L47 

7 

L57 

13 

L28 

ia7 

0.62 

L67 

8 

L47 

14 

L28 

19.1 

0.43* 

1 

L67 

9 

L37 

15 

L28 

4 

hen 

10 

Le7 

16 

L28 

5 

L57 

U 

L47 

17 

0.98 

No.  74,  taken  June  23. 

Distance  out  from  east  base,  366  feet. 

B*i|fht  of  surface  of  water  above  Hartford  zero feet. 

^^  in  vertical  |»lane  bv  observed  velocities feet  per  second . 

^fifl  velocity  iu  vt^rtical  plane  by  integration feet  per  second . 

^nn  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  west,  1  and  2. 


42.59 
1.69 
1.65 
1.84 


n,^,   I  ObM>rved  velcKJ- 

Depth.'?,^"*''^^^*^!^ 
*^        Ity  per  second. 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ftpUL 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Pft, 

Feet. 

Feet              Feet 

Feet 

Feet 

Feet 

Feet 

l.«7 

6      ,             2.06 

12 

L77 

18 

L28 

L77 

7                   L67 

13 

L57 

19 

L28 

1.96 

8 

L77 

14 

L67 

20 

0.88 

2                   2.00             1 

9 

L96 

15 

L67 

20.4 

0.67* 

L96 

10 

LS6 

16 

L57 

L06 

U      i             L86 

1 

17 

L37 
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No.  75,  taken  June  23. 

Distance  out  from  east  base,  485  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . 

Mean  in  vertical  piano  by  observed  velocities feet  i>er  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second., 

Mean  velocity  of  river ^ feet  per  second.. 

Direction  and  force  of  wind,  west,  2. 


42.59 

Las 

1.98 
LSI 


Depth. 

Ohwrved  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  gc^cond. 

Depth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Ob«ervedTe)q^ 
ityperweoij 

Feet. 

Feet 

Feet. 

Feet 

Feet 

Feet. 

'    FeH. 

Feet 

0 

L91 

6 

2.20 

12 

2.06 

18 

L57 

1 

2.06 

7 

2.11 

13 

2.01 

]a9 

1.42 

2 

2.25 

8 

2.01 

14  ^ 

1.91 

19.3 

L24» 

3 

2.40 

9 

2.11 

15 

1.91 

1 
i 

4 

2.20 

10 

2.2.5 

16 

1.72 

1 

6 

2.20 

11 

1.96 

17 

L77 

1 

METER-OBSERVATIOXS  AT  POSITION  G. 


Current-meter^  No,  1. 

No,  76,  taken  June  20. 

Distance  out  from  east  base,  600  feet. 

Heigbt  of  surface  of  water  above  Hartford  zero. feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration ft?et  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northeast,  2. 


4a  69 
2.30 

2.(6 


Depth. 


Feet 
0 
1 
2 
3 
4 
5 


Observed  veloc- 

Depth. 

ity  jKT  second. 

Feet 

Feet. 

2.  .57 

6 

2.54 

7 

2.66 

8 

2.71 

9 

2.64 

10 

2.54 

11 

Observed  veloc- 
ity per  second. 

Depth. 

Feet 

Feet 

2.51 

12 

2.50 

13 

2.44 

14 

2.63 

15 

2.48 

16 

2.09 

17 

Observed  veloc- 
ity per  second. 


Feet 
2.26 
2.17 
2.25 
2.02 
1.67 
2.07 


Depth. 


FeeL 

18 

1&6 

19 


Observed  veke- 
ity  per  seco^ 


Fe^ 

1.53 

L50» 

L32 


No,  77,  taken  June  20. 

Distance  out  from  east  base,  694  feet. 

Heigbt  of  surface  of  water  above  Hartford  zero ..  feet . 

Mean  in  vortical  plane  by  observed  velocities ....feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  j>er  second. 

Mean  velocity  of  river '. feet  per  second. 

Direction  and  force  of  wind,  northeast,  1. 


4aa 

2.91 
2.1 
2.  Of 


Depth. 


Feet. 
0 
1 
2 
3 
4 


Observed  veloc- 
ity i)er  second. 


Feet 
2.49 
2.54 
2.  .59 
2.68 
2.55 


Depth. 


Feet 
5 
6 
7 
8 
9 


Observed  veloc- 

Depth. 

ity  per  second. 

Feet 

Feet 

2.54 

10 

2.50 

11 

2.50 

12 

2.52 

13 

2.39 

14 

Observed  veloo-4i- 
ity  per  second. 


Feet 
2.38 
2.35 
2.24 
2.08 
2.14 


Depth.   ^Wx»*>nredT^ 
'  Ity  per  second. 


Feet 
15 
16 
17 

17.5 
16 


Feet 

2.00 
L» 
1.44 
1.27 
0.97^ 
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No,  78,  taken  June  19. 

Distance  out  firom  east  base,  796  feet. 

Height  o{  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

M«Ti  velocity  in  vertical  plane  by  integration feet  i>er  second . 

lesa  velocity  of  river - feet  per  second. 

Direction  and  force  of  wind,  north,  1. 


42.73 
2.14 
2.16 
1.53 


I 

Tv^x.    Observed  veloo- 
^^*|ity  per  second- 

1                             1 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FttL 

6 

1 

3 

4 

1 

FeeL 

2.18 
2.14 
^32 
2.37 
2.19 

FeeL 
5 
8 
7 
8 
9 

Feet. 

2.30 
2.41 

2.21       ; 

2.24 
2.17 

FeeL 
10 
11 
12 
13 
14 

FeH. 
2.23 
2.12 
2.06 
2.02 
L96 

Feet. 
15 

16.4 
15.8 

Feet. 

1.84 
L52 
L09* 

No,  79,  t4iken  June  19. 

Distance  out  j&om  east  base,  891  feet. 

Height  of  surface  of  water  above  Hartford  jjero * feet. 

Mein  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second, 

Mean  velocity  of  river feet  per  second. 

Diiwtion  and  force  of  wind,  north,  1. 


42. 73 

1.92 
1.99 
1.63 


Dnrth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

e 

1 

2 
3 

FeeL 

2.10 
L99 
2.14 
2.14 

FeeL 

4 
5 
6 
7 

Feet 

2.04 
2.18 
2.19 
2.05 

1 

FeH. 

1        8 

9 

10 

11 

FeeL 
1.95 
L81 
1.75 
L73 

Feet 

12 

13 

14 

14.4 

Feet 
1.81 
1.75 
1.50 
L24* 

No.  80,  taken  June  19. 

Distance  out  from  east  base,  972  feet. 

Height  of  surface  of  water  above  Hartford  zero. feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  vebx'ity  in  vertical  plane  by  integration.. feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  nort^^h-northeast,  2  and  3. 


42.73 
1.49 
1.51 
1.63 


Dppth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity iier  second. 

Depth. 

Observed  veloc- 
ity per  second. 

0 

1 

2 
3 

FeeL 

1.70 
L63 
L80 
L80 

FeeL 

4 
5 

? 

Feet 
1.77 
1.75 
L57 
L47 

FeeL 

8 

9 
10 
11 

Feet. 
1.43 
L51 
1.32 
L27 

FeeL 
11.9 
12.3 

Feet 
0.82 
0.46* 
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JVb.  81,  taken  June  18. 

Distance  out  from  east  base,  1,061  feet. 

Height  of  surface  of  water  above  Hartford  zero feet, 

Moau  in  vertical  plane  by  observed  velwnties - feet  i)er  second, 

Mean  velocity  in  vertical  plane  by  integration feet  i>er  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northeast,  3  and  4. 


42.7 
1.2 
1.3 

i.e 


Depth. 

Observed  veloc- 
ity per  second. 

!  Dcpth- 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Ol>»erved  veloc 
ity  per  seccmd. 

FeeL 
0 
1 
2 

FeeL 
1.48 
1.41 
1.55 

FeeL 
3 

4 
5 

FeeL 
L44 
1.27 
L28 

FeeL 
fi 
7 
8 

FeeL 
LIO 
1.20 
0.84 

FeeL 

ai 

8.5 

FeeL 
0.53 
0.30* 

Xo.  82,  taken  June  18. 

Distance  out  from  east  base,  1,184  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  42.083 

Mean  in  vertical  plane  b v  observed  velocities feet  per  second . .  0. 27 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .  0. 34 

Mean  velocity  of  river feet  per  second..  1.41 

Direction  and  force  of  wind,  northwest,  4. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

1 

Observed  veloc- 
ity per  second. 

Depth. 

! 
Observed  veloc- 1 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  aeoond. 

FeeL 
0 
1 

Feet. 
0.50 
0.44 

i    Feet. 
2 
3 

FeeL 
0.44 
0.00 

Feet. 
4.0 
4.3 

FeeL 

0.0 

0.0 

FeeL 
4.7 

FeeL 
0.0* 

MBTER-OBSERVATIONS  AT  POSITION  O. 

Current-meteTj  Xo,  2, 

Xo,  83,  taken  June  24. 

Distance  out  from  east  base,  1,059  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . 

Mean  in  vertical  plane  by  observed  velocities    feet  per  second. 

Mean  velocity  in  vertical  idane  by  integration feet  per  s<*cond. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  3. 


42.0 
1.1 
l.l 
1.C 


D^pth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second.  ; 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  velt 
ity  per  seoon 

FeeL 
0 

1 
2 

FeeL 
1.33 
1.37 
L37 

Feet. 
3 
4 
5 

FeeL 
L28 
1.23 
1.18 

FeeL 
6 
7 
8 

FeeL 
1.03 
1.03 
0.88 

FeeL 
9.6 
9 

FeeL 
0.56 
0.28* 
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No,  84,  taken  June  24. 

Distance  out  from  east  base,  1,172  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . .  42. 09 

Mean  in  ?ertical  plaue  bv  olwerved  velocities feet  per  secKiiul . .  0. 76 

Mean  vekn-ity  in  vertical  plane  by  integration feet  per  second . .  0. 69 

Mean  velwity  of  river  ...i. feet  per  second..  1.62 

Dinrtion  and  force  of  wind,  northwest,  2  and  3. 


™     '  ity  pvT  fiecond. 


1 

2 


0.93 
0.95 
0.88 


Depth. 


I 


Feet 
3 
4 
5 


Observed  veloc- 
ity pt«r  second. 


Feet 

0.78 
0.84 
0.64 


Depth. 


Feet 

6.0 
6.1 
6.5 


Observed  veloc- 
ity per  secoud. 


Feet 

0.64 
0.59 
0.45* 


Depth. 


Observed  veloc- 
ity jwr  second. 


Feet. 


Feet 


These  carves  have  all  been  plotted,  as  shown  on  the  sheets  transmitted.  They  have 
abo  bw'u  conbined  and  reduced  in  several  groups,  by  taking  the  means  of  the  veloci- 
ties at  tenths  of  the  total  depth,  for  the  purpose  of  ascertaining  the  general  laws  and 
fema  of  the  several  curves. 

The  means  at  the  surface  and  t^^nths  of  the  depth,  as  plotted  in  figiu^s  1  to  9  inclu- 
ave,  of  the  accompanying  diagram,  are  shown  in  the  following  table.  The  other  fig- 
ures are  obtained  either  from  these  or  by  graphic  methods,  as  before  described. 

Whenever  there  was  doubt  about  the  iiroper  operation  of  the  current-meter,  or 
▼here  the  l»ottom-velocities  were  smaller  tiiau  could  be  correctly  measured  by  it,  and 
ik>  where  the  floats  did  not  nm  within  2  feet  from  the  bottom,  the  whole  curve  has 
Wn  reje<  te<l  frtmi  the  following  means.  The  var>'iug  mean  velo<'iti<'8  of  the  several 
pUwii  rtHjuire  that  an  equal  number  of  velocities  at  esich  depth  should  be  combined 
topve  pn»per  mean  results.  For  this  reasim  numljers  1,  2,  11,  and  20  of  the  tloat- 
oWrvati<m.s  and  numl>er8  13,  14,  24,  IW,  39,  59,  and  82  of  the  meter-observations,  have 
Wn  omitted  in  the  following  mean  curves : 

TtiU  of  ordinate*  of  mean-relocity  curves  taken  at  tenths  of  the  depth  from  surface  to  bottom. 


Rfr  1,  Fig.  2,  Sec,  refers  to  plotted  dia- 
f^rams. 


Siuface. 


lina  of  meter-observations  below  a  ver- 
ify Telocity  of  1.86  (Fig.  1) 

MD  of  flnat-observations  below  aver- 
«f  Telocity  of  1.86  (Fie.  2) 

*m  of  all  oWervations  below  average 
Tri« ity  of  1 .86  (Fig.  3) 

llwB  of  meter-obstervations  above  aver- 
iff  reW ity  of  1.86  (Fig.  4) 

was  of  ttoat-obm^rvations  above  aver- 
Hf  THority  of  1.86  (Fig.  5) 

*m  of  all  observations  above  average 
Tfclority  of  1.86  (Fig.  6) 

««>  of  all  meter-observations  (Fig.  7) . 

J«i  of  all  float-<jb«ervation8  (Fig.  8)  . . 

«tb  of  all  meter  and  float  observations 
%») 


1. 


L15 

1.50 

1.21 

2.06 

3.26 

3.01 
2,05 
2.38 

2.10 


1.19 
1.52 


L22 
1.52 


4. 


1.25L27 
3.  08l3. 12 


1.2211.10 
1.531.49 
1.2711.24 


5. 


3.06 


1.14 
L46 
L19 


2. 99  2.  91 


6. 


7. 


3.24  3.17  3.17  3.113.01 


3.113.13  3.08  3.0112.93 
2.12  2.152.13  2.082.01 


2. 38  2.  35  2.  35  2,  30 


2. 23 


2.17  2.192.17  2.12  2.05 


1. 11 1. 

1.351. 

1. 15J1. 

2.78  2. 

I 
2.94  2. 

2.  81  2. 
I.  93 1. 
2.152. 


03 
29 
07 
62 

8(1 

OTi 
81 
04 


0.94 


8. 


9.    Bottom. 


0.7fe 


1.  97  1.  85 


L  20j0.  97 
0.IB90.  81' 

2. 42'2. 1( 

I 
2.602.3: 

2.45  2.21 
I.  67  1.  47 
1.  90 1.  6t 

I 
1.711.  5(. 


0.46 

0.58 

0.48 

1.47 

1.78 

1.53 
0.96 
1.18 

1.00 


Mean. 

L063 

L337 

1.109 

2.735 

2.891 

2.764 
1.887 
2.114 

1.928 


MEAN-VELOCITY  RATIOS. 


TV  ratios  between  the  mean  velocitj'  and  the  velocity  at  half-<lepth,  and  the  ratio 
•'f  the  dejith  of  the  thread  of  mean  velocity  to  the  whole  depth,  in  tbe  curves  ob- 
Ijined  by  the  method  of  numerical  means,  are  shown  in  the  following  table. 

These  values  are  determined  from  straight  lines  joining  the  given  points  as  com- 
peted, without  attempting  to  draw  an  api>roximate  curve  through  them. 

The  system  of  nomenclature  used  is  the  same  as  that  of  the  Mississipid  report. 

ViD=  velocity  at  half-depth. 

V  m  =iiiean  velocity  in  vertical  plane, 
n  =  depth  of  thread  of  mean  velocity. 
D=:  total  depth. 
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Table  of  mean-velocity  ratios. 


Meters  at  low  velocities 
Floata  at  low  velocities  . 
Mean  at  low  velocities . . 
Met^*ra  at  high  velocities 
Floats  at  hiea  velocities 
Mean  at  hi}(n  velocities. 

Mean  by  meters 

Mean  by  doats 

Grand  liiean 


Vm 

Vm 

m 

V^o 

D 

i.(r72 

.933 

1.090 

.918 

1.076 

.930 

1.065 

.939 

1.040 

.961 

1.060 

.944 

1.067 

,937 

1.056 

.947 

L064 

.910 

Note. — ^The  **  means"  given  alwve  are  not  obtained  by  combining  tbe  results  oft 
and  meter  observations  in  tliis  table,  but  are  an  independent  determination  di 
from  tbe  observations  of  which  those  with  the  meter  were  greatly  in  excess. 


TABLE  OF   HEIGHTS  AND  SLOPES. 


The  following  table  shows  the  height,  slopes,  and  mean  velocities  of  the  rive 
observed  during  the  progress  of  the  experiments.     Gauges  were  read  at  the  points 
dicat4?d,  and  the  differences  are  shown  in  the  tables;  these  differences  being  ali^ 
a4lditive  up  the  river  between  the  points  named.     All  the  gauges  were  upon  the 
bank  of  the  river. 

Gauge  V  was  upon  the  bank  of  the  river  at  Thompsonville,  480  feet  below  the 
tion  marked  C  on  the  map. 

Gauge  C  was  at  the  section  C,  just  al>ove  the  ferry  at  Thompsonville. 

Gauge  B  was  at  the  8<^ction  B,  2,280  feet  alwve  section  C. 

Gauge  U  was  at  position  G  or  F,  which  lines  were  only  100  feet  apart,  and  there 
no  appreciable  slope  between  them.     G  is  1,650  feet  above  B. 

Gauge  T  was  upon  the  bank  of  the  river,  2,970  feet  above  position  G. 

Gauge  M  was  upon  the  bank  of  the  river,  6,200  feet  above  position  G. 

Levels  were  taken  between  the  gauges  on  the  east  bank  of  the  river  and  carel 
tested.  An  18-inch  Gurley  level  was  uscmI,  and  the  leveling  was  at  tirst  unsatiafact 
a  more  sensitive  bubble  was  placed  in  the  instrument  and  the  construction  of  the 
era!  parts  examined.  A  sligli^  difference  of  diameter  in  the  collars  resting  in  th< 
was  discovered,  causing  the  line  of  sight  to  look  up  when  adjusted  in  the  usual  i 
ner.  It  was  therefore  adjusted  by  the  ''  Gravatt"  metho<l  and  tested  with  a  coll; 
tor.     The  levels  were  then  taken  with  more  accurate  results. 

Between  the  extreme  gauges  V  and  M,  a  distance  of  about  two  miles,  the  prob 
error  of  the  levels  is  j^  .006  of  a  foot. 

From  V  to  B  the  probable  error  is  J^  .003. 

From  V  to  U  the  probable  error  is  -^^  .004. 

Fi-om  U  to  T  the  probable  error  is  :^  .005. 

From  U  to  M  the  probable  error  is  ^  .005. 

The  error  is  not  proportional  t«  the  distance  between  the  gauges  as  the  levels  i 
not  taken  directly  upon  the  bank,  but  were  connected  with  bencli-mjirks  at  some 
tance  back.  The  probable  errors  for  each  chain  of  levels  are  compute  by  taking 
square  root  of  the  sum  of  the  st^uares  of  the  errors  between  int^^ruiediat^  points. 

The  above  quantities  do  not  include  the  errors  of  observation  in  comparing 
heights  of  water  with  the  gauges.  The  practical  difficulty  of  this  comparison  on 
count  of  the  motion  of  the  water,  even  when  taken  in  a  box-gauge,  is  such  as  to 
der  the  luobable  enxirs  of  differeuct*  of  heights  given  in  the  following  table  n 
greater  than  those  for  the  levels  given  above.  Their  amount  cannot  be  exactly 
matexl. 

A  list  of  the  bench-marks  used  near  the  gauges  is  also  given,  with  their  height 
feet  above  the  base,  or  low-water  mark  at  Hartford. 
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Table  ihawing  kMgkis  of  Connecticut  Biver  near  ThompsanviUej  Conn.y  1874. 
[Tbe  Dombera  in  columna  5  to  ^  are  the  ohaerved  differenoea  of  height  in  feet  by  gangea.] 


Date. 

• 

ft. 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

B 

B. 

B 

C 

C 

C 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

Height  of  wa. 
ter. 

Mean  velocity 
per  second. 

V   to   C,    480 
feet. 

V  to  B,  2,760 
feet 

3 

V  to  TJ,  4,410 
feet 

• 

s 

U  to  T.  2,970 
feet. 

d- 

^'J ::::• 

Feet 
43.990 
44.160 
43.500 
45.213 
44.508 
44.237 
43.467 
44.782 
45.484 
45.829 
45.217 
44.884 
44.300 
43.666 
42.277 
42.387 
42.290 
42.070 
4.^097 
42.  747 
41.  631 

41.  423 
41. 323 
42.083 

42.  730 
43.600 
42.500 
42.090 
41.640 
44.411 
43.415 

!  42.  507 
j  41.834 
,  40.883 
1  40.  715 

40.445 

40.226 
,  39.834 

39.160 
1  39. 113 
1  39.078 

38.980 

Feet 

2.44 
2.57 
2.08 
2.87 
2.53 
2.34 
2.06 
2.67 
3.01 
3.08 
2.89 
2.70 
3.50 
3.21 
2.56 
1.87 
1.81 
1.75 
L80 
1.70 
1.30 
1.17 
1.14 
1.41 
1.63 
2.05 
L84 
1.62 
L38 

0.532 
0.560 
0.465 

t 

0.048 
0.146 

12 

13                    

14                       ... 

15 

39 

0.626 
0.667 
0.646 

22 

0.234 
0.203 

23 

31 

!7 

» 

0.878 
0.317 

"6.177 

0.557 
0.494 
0.545 
0.476 
0.453 
0.458 
0.478 
0.447 
0.302 
0.  277 
0.285 
0.337 
0.417 
0.531 
0.396 
0.347 
0.314 
0.578 
0.499 
0.362 
0.313 
0.  210 
0.199 
0. 162 
0.159 
0.156 
0.096 
0.111 
0.003 
0.073 

'6,489 

0.168 
0.108 
0.146 

9 

tef  1 

2 

0.041 
0.037 

0.  434       0. 108 
0.415       0.100 

I 

« 

0.051 
0.129 
0.123 
0.  072 
0.042 
0.035 
0.086 
0.093 
0.078 
0.091 
0.078 
0.072 

9 

10 

12 

15 

1« 

W 

19 

2» 

23 

24 

S 

JiljU..  . 

0.381 
0.297 
0.233 
0.180 

0.197 
0.199 
0.129 
a  123 

15 

1 " 

1 

16 

0.223 

17 

0.104 

2 

0.96 
0.89 
0.79 
0.65 
0.51 
0.51 

0.084 

• 

0.089 

24 

0.090 

25 

0.075 

a 

0.037 

Sest  2„ 

0.050 

3 ..    . 

0.000 

4 

0.032 

5 

'  6.34 

i 

0.031 

U8T  OF  BENCH-MARKS  NEAR  GAUGES  AT  THOMPSONVILLE,   CONN. 

Bench-mark  near  gauge  V : 

Southwest  comer  of  second  stone  from  ground  at  south  end,  west  side  of  south 
abatment  of  road-bridge,  west  of  first  culvert  south  of  Thompsonville  station.  48. 964 

Bi'nch-mark  near  gauge  B : 

Cm  in  first  of  two  small  chestnut-trees,  on  east  bank  Connecticut  River,  28  feet 
we»tofHtation930 66.759 

Bench-mark  near  gauge  U : 

On  (nei  giile  of  north  one  of  three  ash-trees  on  bank  of  Connecticut  River,  near 
action  No.  1,  position  F 50. 167 

Bench-mark  near  gauge  T : 

On  sooth  side  of  maple-tree,  on  line  with  fence  due  west  from  bench-mark 
Xo.6 47.619 

Bench-mark  near  gauge  M : 

®feet  from  river-bank  and  about  300  feet  north  of  Longmeadow  Brook,  cut 
uid  copper  tack  near  bottom  in  north  side  of  apple-tree 49.706 
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TABLES  OF  AREAS  A3n>  WIDTHS  OF  CBO^^-SECTIOXS. 

Tlif  ff>llowinjr  talilf*«  fO^f^  the  mean  areaj«  ami  snrface-iridthsof  eross-^ectioiwof  tbe 
river  at  jAm*^  where  curTeut-c»l*servariorLs  were  maile.  Th*-?*'  are  computed  for  eacA 
fi)M»t  in  h«-i;:hr.  and  projKirtional  part*  of  the  difft-rence*  nuiy  Ije  taken  for  iutermediatfi 
frjK'tioni*  of  a  fin^it. 

At  B  and  f  one  >*e<tion  only  was  cornputecL  as  meters  only  wen?  nsed  at  those  places 
for  detennininj:  the  veloeitie**. 

At  V  and  G  the  mean  area>*  jriven  are  the  means  of  five  sections,  5il  feet  apart,  em- 
bra«.'in^  the  ^^ft)  feet  over  w  hi<h  d<»ats  were  mn.  The  mean  areas  from  U  to  T,  and 
from  V  to  M,  are  tlie  mean  sections  of  the  river  for  the  whole  distance  between  those 
points,  as  determined  from  crosf*-se<'tion.s  4"»»  feet  apart.  The  heights  of  the  water 
alKive  Hartfor<l  )>i\m'  \te\njr  given  in  even  feet  at  the  lower  end  at  U.  or  on  the  section 
G.  In  conijHiting  th*-«e  areas  allowance  has  been  made  for  the  varying  slope  of  the 
surface  at  different  stages. 

Table  showing  mfam  areas  of  crosssectioms  of  Commectirmt  Rirtr  at  Th4nmpmfmrilU,  C<m». 


PTaren. 


An**  at  ptm'itUin  C 

Antk  at  ptmitiini  B 

Mean  ar<^  at  ]Kmitioii  F. 
Mean  arr-a  at  ]MmitiiiD  (i. 
Mean  area  fnmi.U  to  T  . 
Mean  area  fnmi  U  to  M . 


3^ 

30' 

40' 

41' 

42' 

43* 

44' 

♦*  \ 

iff 

11, 275 

12,241 

13,225 

14.233 

15.2.V 

16.297 

17.34^5 

18, 410 

19,43 

4,40f» 

.5,776 

7.163 

8,  .161 

9.964 

ll.:f76 

12,792 

14. 210 

15,6(0 

11,212 

12,  :j«»8 

13.  4Xi 

14.  576 

15,737 

16,9y*» 

18,0??^ 

19, 272 

a),4«4 

11,4»3 

12,601 

13.  T.ih 

14.^90 

16.»»62 

17. 245 

18,437 

19.633 

20, 8» 

11.276 

12, 4:» 

13.  (T2f) 

14.  ^12 

16.  •r.»4 

17.  232 

18.455 

19.682  ; 

20.912 

10,411 

11,654 

12,&?s5 

14.i52 

1  j.  6<  t 

17,006 

18,345 

19,690 

! 
1 

21,  WO 

Note. — The  areas  are  in  square  feet  below  the  heights  at  the  beads  of  the  columna. 


Table  $howing  nurface-icidthti  of  crosn-fteeiions  of  Connecticut  Btrer  at  Thomp90nv\lle,  On 


Place*. 


Width  at  jHwIt ion  C 

Wlilth  at  iH»Hition  B 

WiathatiMwitionF..-.   - 

Width  at  fioHition  G 

Mean  width  tntm  U  to  T. 
Mean  width  from  U  to  M 


963 
1.367 
1,105 
1,118 
1,151 
1.248 


972 
1,381' 
1,  12:J  I 
1, 135  I 
1,161 
1,260 


999 
1,391 
1.144 
1, 152 
1,176 
1,275 


1,017 
1,400 
1,160 
1,165 
1,185 
1,285 


1,031 
1,409 
1.176 
1,178 
1,196 
1,297 


43' 

44' 

1 

1.046 

1.057 

1.412 

1,415 

1,183 

1,187 

1.190 

1,196 

1.206 

1,  212 

1,306 

1,312 

45^ 


4ff 


1,068 
1,417 
1.190 
1,201 
1,  216 
1,318 


1.2C^ 

1,2^ 

1,3^ 


KoTE. — The  widths  are  given  in  feet  at  the  heights  shown  at  the  heads  of  the  oolonms. 

METHODS  OF  COMPUTING  THE  DISCHARGE. 


The  methml  adopted  for  computing  the  discharge  at  Thompson NTlle,  for  the  observa- 
tions at  all  «le|»tli8,  was  as  follows:  The  mean  velm-ity  in  each  vertical  section  was 
taken  at  etjuul  distances  acro.Hs  the  river  so  as  to  divide  the  cross-section  into  divisions 
of  ecinal  width  with  the  oliserved  section  in  the  middle  of  each  division. 

Wnen  the  ]>oHitions  of  the  obm^rved  wctions  varie<l  materially  from  their  proper  dis- 
tances apart,  the  mean  velocities  were  plotted  on  section-paper  as  onlinates,  at  their 
tnie  distance  from  the  base,  and  a  free-hand  curve  drawTi  thix>ugh  thein^  fixjm  which 
velocities  at  the  proj>er  interAals  were  taken. 

Each  mean  velocity  of  the  vertical  mictions  was  then  multiplied  by  the  actual  depth 
at  the  place,  and  the  sum  of  these  ]>roducts  divide<l  by  the  sum  of  the  depths.  This 
gave  the  mean  velocity  of  the  river,  as  each  local  velocity  had  given  to  it  its  proper 
weight  i)roporti«»nal  to  the  area  it  re]»reHeuted.  This  mean  velocity  was  then  multi- 
plied l>y  the  total  area  of  the  cross-section  of  the  river  to  give  the  discharge.  Thia 
method  of  coniputiufr  gives  theoretically  a  slightly  too  smallquantity,  but  practically 
the  error  is  innuatenal,  being  very  nuich  within  the  amount  of  errors  of  observation. 
The  discharge  of  a  stream  in  fe«'t  per  second  may  be  represented  by  a  solid,  which  has 
for  its  bam;  the  cross-section  of  the  stream  in  sipiare  feet,  for  its  sides  the  surface  and 
bottom  of  the  water,  and  fi>r  its  top  the  curved  surface  bounded  by  the  ends  of  the 
ordinates  repi-cKcnting  the  velocity  in  feet  j»er  second  of  each  filament  of  the  current. 
In  order,  theiefoi-e.  to  obtain  the  exact  disciiarge,  we  have  in  some  way  to  compute  th€ 
contents  of  this  solid.  If  the  bottom  were  straight  lines  between  the  sections  taken, 
probably  the  best  method  of  computation  would  be  by  the  prismoidal  formula,  with 
the  vertical  sections  as  bases;  or,  if  the  bottom  were  a  regular  curve,  represented  bj 
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ie  depths  taken  as  onlinates,  the  application  of  Simpson's  rule  to  the  areas  of  the 
vtion*  would  give  a  very  close  approximation  to  the  true  contents.  The  bottom, 
)wever,  in  the  cross-sections  computed  was  not  shown  with  sufficient  accuracy  by 
te  depths  at  100-foot  distance^  so  that  the  method  before  described  was  adopted, 
hich  is  equivalent  to  taking  tne  mean  height  of  the  solid  and  multiplying  by  the 
ise.  The  reason  of  it«  giving  a  slightly  t<K>  small  value  theoretically  is  that  this 
tthod  ai«4umes  that  the  horizontal-velocity  curves  are  a  succession  of  straight  lines 
tm  i>oint  to  j>oiut  between  the  sections;  but  this  involves  a  much  smaller  error  than 
pp<*ing  the  bottom  straight  from  iK)int  to  point,  as  in  the  application  of  the  pris- 
Hdal  formula. 

Whtn  the  discharge  was  determined  from  middepth  observations,  the  same  general 
rthod  was  adopted.  The  middepth  velocities  were  each  multiplied  by  the  depth, 
d  the  sum  of  the  products  divided  by  the  sum  of  the  depths.  The  velocity  obtained 
18  then  mnltiulied  by  the  ratio  of  the  mean  velm-ity  to  the  middepth  velocity  as 
lenuined  by  the  mean-vertical  velocity  curves  for  this  river  at  the  place  observed. 
Daring  the  continuance  of  the  obs<*rvati<ms  upon  a  number  of  vertical  sections  across 
e  river,  the  height  of  the  water  would  sometimes  remain  nearly  uniform,  but  would 
other  times  vary  several  tenths  of  a  foot  during  the  experiments.  In  all  case«  a 
ean  height  of  water  was  taken,  and  the  mean  velocities  con-ected  when  neces8ar3\ 
lie  snccession  of  observations  at  the  same  place  gave  the  proportional  difteix'uces  of 
irrection.  They  w^ere  generally  small  and  for  but  few  velocities  in  any  cn»s8-section. 
Tbe  two  fidlowing  tables  give  results  of  the  calculations  for  discharges  at  Thompson- 
iDeat  different  stages.  The  results  are  plotted  on  sheet  No.  14,  with  the  heights  of 
fe«  water  as  ordinates  and  the  comi)Uted  volumes  as  abscissas,  and  on  sheet  No.  15  in 
:to  curves  having  the  dates  for  tlie  abscissas,  and  the  volumes  of  the  river  for  the 
Kdinat*"*  of  one  curve,  and  the  heights  of  the  water  as  the  ordinates  of  the  other  curve. 

IMt  ikoving  the  computed  discharge  for  each  day  on  which  observations  were  taken  at 

Thompsonville, 


im 


DKte. 


^ 


6. 

t. 

9. 
12. 
13. 
14 
1.). 
20. 

23. 
26. 


lly    22 


29. 
1. 

3. 

6. 

9. 
10. 
12. 
15. 
!«., 
18.. 
19.. 
».. 
23.. 
24.. 
25.. 
22 

5.! 

24.. 

25.. 

».. 


F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
B 
B 
B 
C 
C 
C 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
(; 
G 
G 
G 
G 
G 
G 
G 


F 57 

F 37 

F 23 

F&M,  46 
F&M,  62 

M 21 

F 20 

F&M,  40 
F  &  M,  41 
M  .^...21 
F  &  M,  52 
F  &  M,  41 

M 76 

M 41 

M 10 

M  ....125 

M 66 

M 86 

F  &  M,  26 

M 58 

F 26 

F&M,  66 
F  &  M,  66 

M 47 

M 55 

M 39 

M 73 

M 18 

F  &  M,  31 

M 43 

M 50 

M 49 

M 28 

M 46 

F 20 

F 11 


Force  and  direction 
of  wind. 


8.,1 

N.,3 

S.,  1  to2 

S.  E.,  1  t4>2 

S.  E.,  1,  to  S.,  1 

N.  W..  1 

S.  B.,  0  to  2 

S.E..1,  toS.  W.,3.. 

N.  W.,  2  to  4 

Calm 

S.  W.,  1,  to  N.  W.,  2 

N.  W.,  1 

N.  W.,  3,  to  S.  W.,  2 
N.  W.,  1,  to  S.  W.,  1 

Calm 

N.  W.,  1  t«0 

S.  W.,  3,  toS.  E.,  2.. 

S.  W.,0tol 

S.  W.,  2to0 

N.,  1  t«0 

N.  E.,  1,  toS.  W.,  1.- 

Calm 

S.  E..  2to4 

N.  W.,  4to5 

N.  W.,  1,  to  N.  E.,  4 

N.  E.,  1  to  2 

S.  W.  &.W.,  lto2.. 

N.  W.,  2  to  3 

N.  W.,  2  too 

N.  W.,  0to2 

N.  W.,  1  too 

S.  W.,1 

S.  W.,  2tol 

S.  W.,  2to3 

N.,0to2 

Calm 


43.99 
44.16 
43.50 
45.  21 
44.51 
44.24 
43.47 
44,78 
45.48 
45.83 
45.  22 
44.88 
44.48 
43.  85 
42.46 
42,  S'2 
42.70 
42.48 
43. 10 
42.75 
41.63 
41.42 

41.  32 
42.08 
42.73 
43.69 

42.  59 
42.  09 
41.  M 
40.88 
40.71 
40.44 
40.  2:^ 
39.  Ki 
.39. 16 
38.98 


B 
■^  9 


18.  077 

18,  277 
17, 498 

19,  522 
18,692 

18.  6,'>6 
17,463 
19,012 
19,844 

20,  548 

19,  534 
19, 130 

13,  217 
12.  325 
10,  3.59 
15.663 
15,  .559 
15.  331 
17,  364 
17.  557 
15,  628 
15,  382 

15,  265 

16,  765 

17,  5:J3 

18,  675 
17,  367 
16,  776 
1.5,  640 
!.'»,  .3.58 
15, 102 

14,  8,50 
14,608 
14,  149 
12.  782 
12,  579 


is 


Feet 
2.443 
2.  570 
2.083 
2.87 
2.55 
2.34 


2. 
2. 
3. 
3. 
2. 
2. 


06 
67 
01 

08 
89 
70 


3,50 
3.21 


2. 
1. 
1. 
1. 
1. 
1. 
1. 


56 

87 

81 

75 

80 

70 

30 

1.17 

1.14 

1.41 

1.63 

2.05 

1.84 

1.62 

1.38 

.96 

.89 

.79 

.  65 

.51 

.  5106 

.3404 


a 


«'0 
ttfl 
fa  o 


Cu.  feet 
44.163 

46. 973 
36.448 
56,  028 
47.665 
43,  655 

36. 974 
50,762 
59,  730 
63,282 
56,  453 
51,651 
46,  259 
39,563 
26,  519 
29,290 
28,162 
26,  829 
31,255 
29,847 
20,  318 
17,997 
17,402 
23,639 
28,  579 
38,284 
31,  955 
27, 177 
21.583 
14,744 
13,494 
11,731 

9, 495 
7,  216 
6,528 
4,282 


23e 


NOTR. — F  and  M  in  the  third  column  stand  for  floats  and  meters. 
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KEDUCIXO  THE  DISCHARGE  TO  HARTFORD. 

In  order  to  reduce  the  discharges  to  the  gange-readings  at  Hartford,  where  they  have 
Wn  taken  daily,  a  quantity  has  been  added  to  each  computed  discharge  at  Thomfison- 
vUle  equal  to  the  probable  volume  of  the  streams  flowing  into  the  Connecticut  between 
the  two  places. 

In  making  this  correction  it  has  been  assumed  that  these  streams  rise  and  fall  in 
proportion  to  the  height  of  water  in  the  Connecticut.  Tliis  is  probably  not  correct,  but 
it  is  perhaps  the  nearest  approximation  that  can  be  obtained,  and  is  but  a  small  portion 
of  the  total  volume  of  the  river. 

The  ganging  at  Dividend  Bar  has  been  reduced  to  the  discharge  at  Hartford  by  sub- 
tncting  the  probable  volume  of  water  entering  the  river  b^ween  these  points.  In 
order  to  complete  the  computation  of  the  discharge  at  Hartford  up  to  the  height  of  the 
greatest  freshet  known,  which  was  that  of  1854,  when  the  water  at  Hartfora  rose  to 
Ikk  height  of  29.80  feet  above  the  zero  of  the  gange  a^he  toll-bridge,  the  greatest 
amount  of  water  passing  over  Holyoke  Dam  has  been  c6mputed  from  the  greatest 
rworded  depth  ana  a  measurement  of  the  dam,  and  this  added  to  the  probable  quan- 
tity numing  into  the  river  from  the  streams  between  Holyoke  and  Hartford,  has  been 
asnuned  as  the  volume  of  the  river  at  its  greatest  height.  This  is  the  only  determina- 
tio&  attainable  of  the  discharge  at  Hartford  between  the. height  of  24  feet  and  30  feet, 
aad  is  made  use  of  in  the  table  of  discharges  to  compute  those  above  24  feet  in  height. 
The  following  table  gives  the  data  from  which  the  discharge  at  Hartford  has  been 
compat^d. 
Toe  discharge  at  the  place  observed  is  given,  with  the  correction  applied  in  another 
tohmm.  The  place  and  method  of  gauging  are  also  given. 
The  height  at  Hartford  given  in  this  table  is  the  mean  height  for  the  time  observed 
A  Thompsonville.  For  the  two  lowest  readings  of  1.87  feet  and  2.05  feet,  the  exact 
iTeraees  of  two  high  and  two  low  tides  were  taken,  extending  over  somewhat  more 
time  than  the  observations,  but  necessary  to  be  included  to  obtain  the  mean  height 
(qi  the  day. 
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bese  quantities  have  been  carefully  plotted  on  section  paper,  with  the  vertical  scale 
resenting  the  height  of  the  water  at  Hartford  and  thehonzontal  scale  representing 

discharges,  and  a  curve  has  been  drawn  which  should,  as  nearly  as  possible,  repre- 
t  the  mean  of  all  the  detenuinations  for  the  discharge  at  Hartford.  The  following 
>le  !ihows  the  discharge,  in  cubic  feet  j>er  second,  for  each  foot  iu  height  as  deter- 
ned  by  this  curve.  This  of  course  only  shows  a  mean  discharge  at  the  height  given, 
e  Yolumes  at  the  same  stage  being  different  at  different  times,  and  generally  greater 

arl^diig  than  a  falling  river.  As  the  determinations  of  the  quantity  of  actual  dis- 
large  could  not  be  conveniently  made  at  Hartford,  where  the  ^auge-rea<lings  were 
ept^  the  variations  of  volume  at  the  same  stage  under  different  circiuustances  are  not 


DUcharge  of  the  Connecticut  River  at  Hartford  far  each  foot  in  height. 


Gtafcat  Hart- 

Discharge  per 

Gange  at  Hart- 

Discharge per 

Gange  at  Hart- 

Discharge per 

fold. 

second. 

ford. 

second. 

ford. 

second. 

Ftd. 

1 

Cubic  feeL 

Feet. 

Cvbiefefi. 

FmI. 

Cubic  feeL 

0 

5,000 

11 

41,800 

22 

119, 100 

•   1 

5..'i00 

12 

47, 200 

23 

128,800 

0,500 

13 

52, 700 

24 

139,  200 

3 

8,400 

14 

58,400 

25 

l.')0,000 

4 

10,800 

15 

W,300 

26 

161,300 

5 

14,300 

16 

70,  700 

27 

172,  700 

6 

17,«00 

17 

77,500 

28 

184,  200 

1 

22,100 

18 

84,700 

29 

195,  700 

8 

25,700 

19 

92,700 

30 

207,500 

9 

31,400 

20 

101, 100 

10 

3«,600 

21 

109,800 

,TOTAL  DISCHARGE  OF  THE  RIVER. 

Prom  the  record  which  has  been  kept  at  Hartford  since  1871,  dia^ams  have  been 
ptpared  for  the  years  1871,  1872,  1873^  and  1874,  showing  the  fluctuations  of  the  water 
for  those  years.  During  most  of  the  time  the  height  has  oeen  taken  three  times  daily, 
ifl  of  which  has  been  plotted  on  the  diagrams  herewith  submitted.  Tables  have  also 
^  made  of  the  discharge  each  day  in  millions  of  cubic  feet  taken  from  the  average 
l«uht8  for  the  day.  The  amounts  are  also  given  for  each  month  and  the  whole  year. 
Tables  are  also  submitted  showing  the  numl)er  of  days  in  each  month  and  year  that 
tltevater  was  above  any  given  height  from  February  1,  1871,  to  December  31,  1874. 
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SEPOST  OF  THE  CHIKF  OF  EHODTEERS. 


T^ihU  tkfif^m^  tiu!  daily  di*fk*r^.  mmi  h^ht  t^f  tk^f  C^mmertifut  Birtr  mi  Hertford  /nm 

rwmry  1  to  iMrrmher  31^  l*:^!. 


DsUi^ 


DMe. 


ililli.**  of 


i 


l^L 


Feb. 


1 
2 
3 
4 

5 
8 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 


1                       \ 

I 

I 

2.77 

681 

2.70 

674 

2.60 

656 

2.57 

653 

2.50 

655 

2.66 

662 

2.56 

652 

2.60 

656 

2.66 

662 

2.78 

682 

2.94 

714 

3.17 

752 

3.43 

•   801 

3.68 

867 

4.16 

976 

4.38 

1,040 

5.14 

1,260 

5.74 

1,456 

6.37 

1,675 

7.00 

1,920 

7.72 

2,185 

8.38 

2,445 

9.00 

2,713 

10.00 

3.170 

11.22 

3,720 

11.18 

3,098 

12.22 

4. 175 

12.40 

4,260 

44,460 

\rrL 


Apr. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


3  t 

4 

5 

6 

t 

8 

9 
10 
11 
12 
13 
14 
1.1 
1< 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


li57 
lie 
liT4 

liT- 
Hh) 

12-  ^i 
12. -T 
12.  « 

13-  <^ 

li.  \^ 

\X  32 
lioO 
14.1* 
ICLIO 
16.  1< 
14.33 
14.  W 
IX  T2 
Ip.  48 


4.»4) 
4.3S».> 
4.414 
4.440 
4.4«> 
4.4*> 
4.4^) 
4.  .'^J>» 
4.  5T'» 
4.62.> 
4.  666 

4.  Th» 
5.14*) 
6.1«0 
6.1fx) 
5. 1» 

5.  'rj-S 
4.^) 
4,  1 15 


ia.36 

4,710  1 

13.  3U 

4,690 

13.  ."ir 

4.  b2.-» 

14-37 

5,220 

13.15 

4.6U0 

1L30 

3.750 

1L22 

3.710 

1L22 

3,710 

7.56 

2,122 

7.00 

1,920 

6l70 

1,785 

&44 

1,686 

134,328 

&40 

1,676 

6.47 

1,700 

6L57 

1,747 

&80 

1,827 

7.18 

1,975 

7.33 

2,030 

7.16 

1,972 

7.M 

1,916 

7.00 

1,920 

7.03 

1,115 

7.86 

2,240 

a  75 

2,620 

9.34 

2,872 

10.35 

3,325 

10.41 

3,350 

a  75 

2,620    i 

7.75 

2,192 

7.06 

1,925 

7.07 

1,914 

7.16 

1,972 

7.33 

2,030 

ao3 

2,320 

&21 

2,390 

a33 

2,435 

&18 

2,380 

ao3 

2,320 

7.53 

2,120 

7.58 

2,130 

a  70 

2,588 

a  70 

2,588 

66,209 

DMe. 

feet. 

1871. 

May      1 

aso 

2 

a22 

3 

7.68 

4 

7.30 

5 

1L18 

6 

iao5 

t 

ia47 

8 

ia35 

9 

17.06 

10 

14.60 

11 

12.32 

12 

16l16 

13 

9.04 

14 

7.88 

15 

7.10 

16 

&61 

17 

6l14 

18 

5l50 

19 

&40 

20 

SuOO 

21 

4.84 

22 

4.72 

23 

4.68 

24 

4.00 

25 

4.53 

26 

4.64 

27 

4.49 

28 

4.41 

29 

4.37 

30 

4.16 

31 

4.00 

June     1 

8.90 

2 

3.81 

3 

3.70 

4 

3.60 

5 

aso 

6 

a4i 

7 

3.24 

8 

3.01 

9 

2.70 

10 

2.66 

11 

2.76 

12 

2.86 

13 

2.86 

14 

1.90 

15 

2.51 

16 

2.10 

17 

2.09 

18 

2.52 

19 

a  76 

20 

5.22 

21 

5.22 

22 

4.68 

23 

3.82 

24 

a  14 

25 

a45 

26 

a  76 

27 

ao2 

28 

2.76 

29 

2.84 

30 

2.39 

cubk 
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TMe  ikowing  the  dtdly  dUeharge  and  height  of  the  ConnecHcui  Bivery  j'C, — Continued. 


Dite. 

Height, 

Millions  of 

Date^ 

Height, 

Millionnof 

Date. 

Height, 

Millions  of 

feet. 

cubic  feet. 

feet 

cubic  feet. 

feet 

cubic  feet. 

IKL 

187L 

187L 

Joly       1 

2.55 

650 

Sept     1 

6.48 

1,740 

Nov.      1 

4.82 

1.100 

2 

2.12 

574 

2 

6.25 

1,630 

2 

4.44 

1,058 

3 

L67 

535 

3 

5.15 

1.262 

3 

a88 

917 

4 

L70 

538 

4 

4.37 

1,036 

4 

3.33 

782 

5 

L52 

519 

5 

3.67 

865 

6 

2.75 

679 

6 

154 

521 

6 

3.05 

740 

6 

2.84 

703 

4 

154 

521 

7 

2.45 

628 

7 

2.84 

703 

8 

L02 

477 

8 

2.00 

561 

8 

2.89 

709 

9 

1.21 

493 

9 

1.84 

551 

9 

2.93 

713 

10 

1.21 

493 

10 

1.66 

634 

10 

8.16 

756 

11 

L46 

513 

U 

L45 

612 

11 

2.76 

680 

12 

1.85 

552 

12 

L46 

513 

12 

2.90 

710 

13 

L70 

538 

13 

1.58 

525 

13 

2.79 

684 

14 

2.14 

586 

14 

1.49 

616 

14 

ao5 

740 

15 

L09 

537 

15 

L52 

619 

15 

4.11 

970 

16 

1.19 

491 

16 

L89 

649 

16 

9.82 

3,080 

17 

L79 

547 

17 

2.04 

665 

17 

11.35 

3,775 

Ig 

L51 

518 

18 

1.37 

609 

18 

9.68 

a  020 

U 

L50 

526 

19 

2.05 

666« 

19 

a  17 

2,375 

» 

Le9 

537 

20 

2.09 

'570 

20 

6.56 

1,735 

21 

L68 

525 

21 

1.82 

549 

21 

5.54 

1,380 

22 

1.41 

508 

22 

1.43 

610 

22 

6.52 

1,375 

23 

L62 

530 

23 

L49 

516 

23 

6.50 

1,370 

24 

Le2 

530 

24 

L35 

507 

24 

6.36 

1,330 

23 

L61 

528 

25 

L55 

622 

25 

6.87 

1,495 

26 

L61 

528 

26 

1.94 

655 

26 

6.33 

1,665 

27 

L53 

520 

27 

2.11 

673 

27 

6.72 

1,440 

28 

L86 

548 

28 

2.11 

573 

28 

6.42 

1,345 

29 

L88 

550 

29 

1.82 

549 

29 

4.74 

1,135 

30 

L80 

647 

30 

1.73 

641 

30 

a  78 

895 

31 

L74 
2.53 

542 

Oct        1 

L43 

Dec.       1 

a  61 

16,522 

20,286 

39.379 

iag.      1 

648 

510 

a've 

2 

2.53 

648 

2 

L55 

622 

2 

4.17 

977 

3 

2.46 

629 

3 

1.84 

553 

3 

4.47 

1,060 

4 

2.54 

650 

4 

1.60 

627 

4 

4.71 

1,126 

5 

2.64 

660 

5 

1.52 

619 

6 

4.67 

1,121 

6 

2.56 

652 

6 

1.69 

537 

6 

4.37 

1.040 

7 

2.49 

632 

7 

1.91 

554 

7 

4.67 

1,121 

8 

2.33 

613 

8 

2.04 

665 

8 

4.67 

1,121 

9 

2.28 

608 

9 

1.93 

654 

9 

a  36 

792 

10 

2.64 

660 

10 

L93 

554 

10 

a  33 

786 

U 

2.37 

617 

11 

1.94 

555 

11 

a  33 

786 

12 

2.38 

618 

12 

8.36 

791 

12 

a  45 

808 

13 

2.32 

612 

13 

4.68 

1,124 

13 

a53 

834 

14 

2.26 

604 

14 

4.68 

1,124 

•    14 

a  36 

792 

13 

2.12 

574 

15 

6.80 

1,475 

15 

2.94 

715 

16 

L82 

549 

16 

5.60 

1,403 

16 

a  00 

726 

17 

L36 

508 

17 

5.40 

1,335 

17 

2.92 

712 

18 

L28 

600 

18 

4.61 

1,102 

18 

2.86 

600 

19 

L26 

498 

19 

3.79 

881 

19 

2.80 

603 

20 

L18 

490 

20 

ao7 

743 

20 

2.95 

717 

21 

Lll 

485 

21 

2.54 

650 

21 

2.61 

657 

22 

L08 

482 

22 

2.46 

629 

22 

2.95 

716 

23 

Lll 

485 

23 

2.54 

650 

23 

2.75 

678 

24 

L56 

523 

24 

2.56 

652 

24 

a  36 

792 

25 

1.50 

517 

25 

2.60 

656 

25 

5.36 

1,330 

26 

L54 

521 

26 

2.64 

660 

26 

7.95 

2,280 

27 

L76 

543 

27 

2.68 

665 

27 

a  32 

2,430 

28 

2.00 

561 

28 

3.50 

814 

28 

a  36 

2,450 

S 

2.50 

633 

29 

a92 

923 

29 

7.70 

2,180 

30 

a82 

884 

80 

3.90 

920 

30 

6.00 

1,525 

31 

603 

1,555 

31 

4.55 

1,070 

31 

a  47 

1,700 

19,150 

24,217 

34,211 

360 


REPORT   OF   THE   CHIEF   OP   ENGINEERS. 


Table  showing  the  daily  discharge  and  height  of  the  ConnectuMt  Biter  at  Hartforc 

JaMuarjf  1  to  Dtcember  31,  1872. 


Date. 


1872. 
•Jan. 


Feb. 


1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
IH 
19 
20 
21 
22 
23 
24 
2o 
26 
27 
28 
29 
30 
31 


H»ieht 
fetrl. 


5.44 
5.21 
5.  5H 
8.07 
C.67 
6.42 

5.:» 

4.39 
4.04 
4.  IH 
4.11 
4.21 

4.  a:i 

3.7H 
3.3.> 
3.42 
a  47 
3.20 
2.9ri 
3.47 
3.67 
a  75 
3.81 
2.86 
2.47 
2.30 
2.28 
2.17 
2.03 
1.94 
1.99 


Million.4  of 
cubic  letrt. 


Bate. 


1 

1.92 

»> 

Am 

2.11 

3 

2.45 

4 

2.86 

5 

3.05 

6 

3.11 

7 

2.92 

8 

2.83 

9 

2.64 

10 

2.15 

11 

2.17 

12 

2.36 

13 

3.17 

14 

3.90 

15 

3.43 

16 

3.06 

17 

2.76 

18 

2.36 

19 

2.19 

20 

2.22 

21 

2.20 

22 

2.25 

23 

2.39 

24 

2.28 

25 

2.25 

26 

2.19 

27 

2.11 

28 

2.08 

29 

2.28 

1,  3.V) 

l,:i9>j 

1,  570 
l,7iS0 

1,  fK-. 
i,3;i.=> 

1,042  ' 
960 
9Ht 

970  ; 

9><.'>  ! 

9.*>o  ; 

8^0  ■' 
790  ' 
StXi  •■ 
810  ' 
760 
720  , 
820 
865  I 
877 
883  I 
690  I 
630  I 
610  I 
608  ; 
590  ' 
564  || 
555  J 
560  I 
I 

29.288    ' 


552 
573 
628 
690 
740 
7.'>0 
712 
702 
660 
587 
581 
616 
752 
920 
801 
741 
680 
616 
583 
600 
598 
603 
619 
608 
603 

58:j 

573 
570 
608 


18,849 


Apr. 


-   I 


I 


1«72. 
Mar.   1 
2 

3 
4 

5 

6 

p. 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


I 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


H^-iiiht, 
fevt. 


2.45 

2.43 
2.76 
3.(tt 

2.:r-' 

L61 
1.81 
2.11 
LS6 
2.76 
4.50 
4.89 
4.56 
4.11 
3.82 
2.31 
2.20 
2.78 
2.58 
2.28 
2.47 
1. 72 
2.06 
2.06 
2.08 
2.39 
2.47 
2.97 


MinioDAof 
cubic  fcf  t. 


628 
625 
6HJ 
7-29 
612 
525 
548 
573 
547 
6t>3 
1,065 
1,175 
1,071 
970 
884 
611 
598 
682 
6»4 
608 
630 
540 
568 
568 
570 
619 
630 
719 


Date. 


Height,      Min 
feft.         cubi 


3.57 

850 

4.67 

1,120 

4.89 

1,175 

22,437 

5.67 

1,425 

4.08 

964 

3.69 

867 

3.61 

855 

4.14 

973 

4.53 

1,075 

4.92 

1,185 

7.06 

1,925 

9.75 

3,050 

12.72 

4,410 

18.  30 

7,  510 

19.  65 

8,475 

ia7o 

7,750 

ia4o 

7,580 

19.03 

8,010 

17.  21 

6,820 

1.5.  01 

5,550 

12.87 

4.480 

11.56 

3,870 

11.58 

3,872 

1L92 

4,030 

13.20 

4.640 

15.31 

5.720 

15.89 

6,040 

15.  03 

5,  552 

14.15 

5,100 

13.64 

4,850 

14. 15 

5.100 

13.68 

4,880 

12.70 

4,408 

130,966 

1872. 
Mav 


June 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

2li 

24 

25 

26 

27 

28 

29 

30 

31 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


12-08 

11.18 

11.98 

13.11 

13.33 

13.68 

13.67 

12-83 

11-64 

10.19 

9.60 

9.29 

9.00 

a46 

7.49 

5  1 1 
a.  <1 
587 

6  75 
a  20 
5  88 

5  58 
6.35 
6.14 
6.83 
7.60 

6  75 
8.11 
6.12 
&60 


6.83 

6.87 

6.83 

7,03 

7. -29 

7.57 

7.62 

7.65 

7.79 

7.99 

&68 

13  36 

14.81 

14.26 

12.24 

11.  45 

a58 

7.14 
5  78 
5  21 
5  04 
4.68 
3.46 
3.46 
3.90 
4.-25 
4.17 
4.49 
4.58 
4.48 
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Table  shnting  the  daily  discharge  and  height  of  the  Connecticut  BiveTj  ^-c. — Continued. 


Bate. 

1 

Height, 

Millions  of 

! 

Date. 

Height, 

MillionAof 

1 

Date. 

Height, 

Millions  of 

feet. 

cubic  fwjt. 

feet 

cubic  feet. 

feet 

cubic  feet. 

1871      ! 

1872. 

1 

1872. 

ttlY          1 

3.92 

923 

Sept.      1 

9.22 

2,820 

Nov.      1 

a  92 

1,510 

mi     1 

3.3.5 

785 

2 

9.35 

2,H75 

2 

a. 58 

1,390 

3 

3.10  1 

740 

3 

9.11 

2,  775 

3 

a  58 

1,390 

4 

a  26 

775 

4 

a  57 

2,540 

4 

a  44 

1,350 

5 

3.40 

800 

5 

7.99 

2,300 

5 

a  74 

1,460 

9 

3.76 

880 

6 

6.97 

1,  885 

6 

a  65 

1,425 

i 

3w5l  1 

830 

7 

6.76 

1,  825 

7 

a  61 

1,760 

«; 

3.08 

738 

8 

6.61 

1,760 

8 

a  29 

2, 420 

9 

2.97 

720 

9 

4.96 

1,200 

9 

a  67 

2,575 

10  ! 

3.17 

750 

10 

4.73 

1.140 

10 

7.70 

2,182 

11 

3.53 

832 

11 

4.67 

1,120 

11 

a  08 

2,335 

12  1 

3.97 

935 

12 

4.95 

1,198 

12 

7.36 

2,040 

13' 

a  78 

882 

13 

5.96 

1,  525 

13 

7.39 

2,050 

", 

3.H 

833 

14 

a  05 

1,560 

14 

10.81 

a  530 

15! 

3.39 

790 

15 

a  18 

1,600 

15 

12. 08 

4,110 

16 

3.53 

832 

16 

a  32 

1,660 

16 

12.79 

4,440 

17  i 

a  51 

830 

17 

a  97 

1,900 

17 

12.56 

4,340 

18 

a37 

787 

18 

7.36 

2,040 

18 

10.03 

a  175 

19  1 

a  45 

816 

19 

a96 

1, 895 

19 

a  87" 

2,670 

20 

a32 

780 

20 

7.18 

1,975 

20 

7.78 

2,215 

21  i 

a44 

810 

21 

a  60 

1,  755 

21 

a97 

1,890 

0.) 

3.39 

798 

22 

aoo 

1,500 

22 

a69 

1,780 

3 

aso 

828 

23 

5.43 

1,350 

23 

a  25 

1,625 

24 

a  51 

830 

24 

4.97 

1,210 

24 

a  86 

1,400 

t>, 

a  62 

850 

25 

4.80 

1,160 

25 

a  67 

1,425 

28' 

4.92 

1,190 

26 

4.93 

1,185 

26 

a  36 

1,325 

27 

4.89 

1,180 

27 

5.50 

1,370 

27 

a  42 

1,340 

28 

4.51 

1,070 

28 

a40 

2,470 

28 

a  39 

1,335 

29  1 

4.33 

1,025 

29 

7.20 

1,975 

29 

a  06 

1,240 

»  ' 

4.36 

1,031 

30 

a  78 

1,820 

30 

4.57 

1,080 

31 

4.39 
5.22 

1,038 

Oct       1 

5.87 

Deo.       1 

4.42 

26,  918 

63,388 

62,897 

H    1 

1,280 

1,490 

1,050 

•> 

a  79 

884 

2 

5.43 

1,375 

2 

4.61 

1,100 

3 

a  57 

840 

3 

4.86 

1,175 

3 

a  06 

1,240 

4 

4.13 

971 

4 

4.53 

1,075 

4 

4.89 

1,180 

5 

5.07 

1,236 

5 

4.55 

1,085 

5 

4.59 

1,090 

6 

5.67 

1,  425 

6 

4.08 

960 

6 

a  03 

1,230 

7 

6.24 

1,625 

7 

4.01 

936 

7 

a  20 

1,280 

8 

&43 

1,725 

8 

4.03 

950 

8 

a  36 

1,330 

9 

&06 

1,560 

9 

a  85 

900 

9 

a  39 

1,340 

10 

5.48 

1,370 

10 

4.25 

1,000 

10 

a  75 

880 

11 

a  93 

923 

11 

4.58 

1,090 

11 

4.00 

933 

12 

a  72 

870 

12 

4.75 

1,140 

12 

4.78 

1,150 

13 

4.03 

950 

13 

6.01 

1,220 

13 

a  92 

1,500 

14 

4.29 

1,015 

14 

a  26 

1,280 

14 

7.00 

1,920 

15 

4.82 

1,160 

15 

6.51 

1,375 

15 

a94 

1,830 

16 

5.86 

1,485 

16 

5.84 

1,440 

16 

7.06 

1,926 

17 

a  36 

2,440 

17 

6.99 

1,540 

17 

7.39 

2,050 

18 

11.58 

8,880 

18 

5.76 

1,450 

18 

7.30 

2,020 

19 

12.14 

4,150 

19 

a  73 

1,440 

19 

7.22 

1,985 

20 

I       11. 82 

3,995 

20 

a  03 

1,225 

20 

a  00 

1,540 

21 

1       1L07 

3,650 

21 

a  86 

1,490 

21 

a  00 

1,540 

22 

j       10.03 

3,175 

22 

a  42 

1,680 

22 

ail 

1,575 

23 

9.48 

2,940 

23 

a  88 

1,500 

23 

aoo 

1,540 

24 

,         a97 

2,  no 

24 

a  14 

1,.580 

24 

a  00 

1,540 

25 

a  67 

2,580 

25 

a94 

1,522 

25 

aoo 

1,540 

26 

a33 

2,440 

26 

a  22 

1,280 

26 

aoo 

1,540 

27 

7.27 

2,000 

27 

a  67 

1,  430 

27 

aoo 

1,540 

28 

ao3 

1,540 

28 

a  85 

1,480 

28 

aoo 

1,540 

29 

5.17 

1,270 

29 

a64 

1,775 

29 

aoo 

1,540 

» 

5.76 

1,460 

80 

7.64 

2,170 

30 

aoo 

1,540 

31 

&39 

2,460 

31 

a92 

1,870 

31 

aoo 

1,540 

59,996 

41,923 

45,648 
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REPORT   OF   THE   CHIEF   OF   ENGINEERS. 


Table  shotcing  the  daily  discharge  and  height  of  the  CannecOcui  Biver  at  Hartford,  frm 

January  1  to  December  31,  1873. 


l)aie. 

Height, 

MUlionsof 

Date. 

Height, 

Millions  of 

Date. 

Height,     Mfllimsor 

feet. 

cubic  feet. 

feet. 

cubic  feet. 

feet. 

1  cubic  f«eL 

1878. 

1873. 

1873. 

Jan.         1 

6.00 

1,540 

Mar.      1 

4.41 

1,048 

May      1 

15.14 

5.ffii 

2 

6.00 

1,540 

2 

4.44 

1,054 

2 

15.33 

5^7S 

3 

6.00 

1.540 

3 

5.11 

1,240 

3 

1&08 

fiil« 

4 

6.00 

1,540 

4 

4.83 

1,168 

4 

17.61 

7.MI 

6 

6.05 

1,570 

6 

4.45 

1,066 

5 

17  02 

6,7«« 

6 

6.14 

1,585 

6 

4.42 

1,050 

6 

15.96 

^m. 

7 

6.28 

1,641 

7 

4.36 

1,038 

7 

15.03 

h.m 

8 

6.71 

1,800 

8 

4.55 

1,085 

8 

13.80 

4.MI 

9 

7.19 

1,975 

9 

4.42 

1,050 

9 

13.30 

i,m 

10 

7.00 

1,910 

10 

4.22 

987 

10 

14.30 

h,m 

11 

6.19 

1,600 

11 

4.53 

1,075 

11 

14.97 

i,m 

12 

5.61 

1,405 

12 

4.94 

1,196 

12 

15.20 

5.l« 

13 

5.12 

1,252 

13 

6.63 

1,375 

13 

15.62 

5.981 

14 

6.07 

1,238 

14 

6.33 

1,660 

14 

16.86 

6.«l 

15 

6.00 

1,218 

15 

&84 

1,662 

16 

15.64 

SJH 

16 

5.20 

1,278 

16 

6.92 

1,610 

16 

14.76 

5.4» 

17 

6.42 

1,345 

17 

6.69 

1,436 

17 

13.75 

4,» 

18 

6.61 

1,760 

18 

5.97 

1,540 

18 

12.50 

4.311 

19 

7.61 

2,140 

19 

6.14 

1,690 

19 

11.07 

3,^ 

20 

12.44 

4,275 

20 

6.39 

1,675 

20 

9.95 

3.141 

21 

13.42 

4,740 

21 

6.72 

1,800 

21 

9.14 

im 

22 

12.55 

4,330 

22 

6.25 

1,625 

22 

a85 

2,831 

23 

10.83 

3.540 

23 

6.82 

1,430 

23 

9.60 

tm 

24 

9.97 

8,150 

24 

6.72 

1,445 

24 

9.83 

^^ 

25 

9.47 

2,930 

25 

6.36 

1,320 

25 

9.61 

2,sid 

26 

7.45 

2,075 

26 

5.22 

1,280 

26 

9.42 

2,ai 

27 

7.17 

1,973 

27 

4.98 

1,210 

27 

9.33 

^M 

28 

714 

1,970 

28 

4.75 

1,140 

28 

9.07 

2,731 

29 

6.75 

1,820 

29 

6.24 

1,285 

29 

ao3 

^m 

30 

6.58 

1,750 

30 

8.32 

2,435 

30 

a52 

^^ 

31 

6.97 
7.33 

1,900 

31 
Apr.      1 

9.64 
9.74 

8,010 

31 
June     1 

7.72 
a90 

2,ia 

64,430 

43,316 

13S.7^ 

Feb.         1 

2,030 

8,045 

^^ 

2 

7.00 

1,910 

2 

11.27 

3,740 

2 

ao8 

^'^ 

3 

7.42 

2,070 

3 

12.97 

4,540 

3 

5.46 

1,9§ 

4 

aoo 

2,310 

4 

13.29 

4,680 

4 

4.86 

^^ 

5 

7.53 

2,120 

6 

13.24 

4,660 

5 

4.64 

^^3 

6 

6.92 

1,880 

6 

13.22 

4,650 

6 

4  44 

^^^ 

7 

6.31 

1,650 

7 

13.29 

4,680 

7 

4.21 

^^ 

8 

5.97 

1,630 

8 

13.64 

4,870 

8 

4.25 

i,oii 

9 

6.30 

1,300 

9 

15.05 

6,575 

9 

4.40 

1.0Q 

10 

5.45 

1,380 

10 

1712 

6,770 

10 

4.50 

^S9 

11 

6.86 

1,480 

11 

19.10 

8,070 

11 

4.14 

12 

&58 

1,750 

12 

20.30 

8,925 

12 

3.80 

13 

6.42 

1,346 

13 

20.85 

9,375 

13 

a56 

14 

6.40 

1,340 

14 

19.80 

8,570 

14 

a86 

15 

6.26 

1,290 

15 

18.78 

7,740 

16 

3.97 

16 

6.05 

1,233 

16 

17.94 

7255 

16 

3.50 

17 

5.25 

1,284 

17 

17  51 

7,000 

17 

3.01 

^ 

18 

6.53 

1,  72.'» 

18 

17.68 

7,120 

18 

2.64 

19 

7.60 

2,100 

19 

17  28 

6,870 

19 

2.62 

20 

7.35 

2,040 

20 

ia66 

6,425 

20 

2.58 

21 

6.83 

1,840 

21 

ia63 

6,465 

21 

2.46 

22 

a  25 

1,625 

22 

17.13 

6,775 

22 

2.43 

23 

6.03 

1,550 

23 

ia86 

6,560 

23 

2.36 

24 

5.86 

1,490 

24 

iai5 

6,175 

24 

2.32 

26 

6.59 

1,640 

25 

15.62 

6,890 

25 

2.32 

26 

4.95 

1,040 

26 

15.05 

6,575 

26 

2.11 

27 

4.42 

1,050 

27 

14.10 

6,075 

27 

2.06 

28 

4.67 

1,120 

28 

13.36 

4,720 

28 

2.16 

29 

13.54 

4,825 

29 

2.57 

80 

14.23 

5,160 

30 

< 

2.32 

45,123 

181,  780 

i 
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TMe  tkmping  the  dmly  dUcharge  and  height  of 

the  Connecticut  River y 

^c. — Continued. 

U^         Height, 

1 

MiUionsof 

Date. 

Height, 

Millions  of 

Date. 

Height, 

MUlionsof 

1 

cubic  feet 

feet 

cabio  feet 

feet 

cubic  feet 

• 

Wl 

i 

1873. 

1873. 

J      I             2.32 

612 

Sept     1 

124 

496 

Nov.      1 

a  19 

2,384 

2             1-72 

540 

2 

1.09 

483 

2 

7.42 

2,060 

3             1.  «7 

532 

3 

0.99 

474 

3 

a65 

1.775 

4              1.  77 

544 

4 

1.58 

525 

4 

ao7 

1,565 

5              1.68 

535 

5 

L87 

549 

5 

5.68 

1,430 

«              r  «2 

550 

6 

1.43 

510 

6 

5.24 

1.290 

7             2.39 

619 

7 

1.81 

548 

7 

4.97 

1,210 

f  i           2.85 

689 

8 

1.72 

540 

8 

5.31 

1,310 

9              2.09 

665 

9 

1.76 

544 

9 

a  18 

1,590 

10              2.  57 

653 

10 

L92 

552 

10 

a45 

1,700 

11              2.32 

612 

11 

2.08 

570 

11 

a5o 

1,720 

13              2.20 

508 

12 

L90 

550 

12 

a  36 

1,670 

13              2.  13 

575 

13 

1.92 

550 

13 

ao9 

1,435 

14              2.18 

596 

14 

1.79 

547 

14 

5.29 

1,300 

15              2.21 

599 

15 

0.88 

465 

15 

a  01 

1,225 

1«              2.26 

604 

16 

1.32 

604 

16 

4.98 

1,210 

17              2.29 

608 

17 

1.31 

503 

17 

4.75 

1,140 

18 

21  30 

609 

18 

1.54 

521 

18 

a  21 

1,279 

19 

2.26    ' 

604 

19 

1.75 

543 

19 

4.14 

975 

ao 

2.  56 

652 

20 

1.12 

486 

20 

4.40 

1,044 

a 

a  49 

820 

21 

1.48 

615 

21 

a97 

928 

s            a.53  1 

846 

22 

2.21 

685 

22 

3.93 

924 

8             2.  75 

679 

23 

2.81 

685 

23 

3.69 

868 

34 

21  36 

616 

24 

2.64 

660 

24 

4.12 

971 

3S 

2.32 

612 

25 

3.59 

352 

25 

4.36 

1,031 

38 

2L36    i 

616 

26 

4.37 

1,039 

26 

4.32 

1,033 

T!             1.79   I 

547 

27 

8.80 

882 

27 

a  91 

921 

2       ^--^ 

515 

28 

a  18 

757 

28 

ail 

1,250 

»             2.11 

673 

29 

2.76 

680 

29 

a  41 

1,345 

»            2.24 

604 

30 

2.25 

603 

30 

a  87 

1,332 

U/          1.96 
/           1.95 

558 

Oct       1 

2.30 

Dec       1 

4.81 

18,962 

17, 718 

89,915 

I 

555 

610 

1,160 

1.  78 

545 

2 

2.38 

618 

2 

a  16 

1,270 

'            L  82 

549 

3 

2.26 

604 

3 

a  41 

1,385 

2.21 

599 

4 

2.55 

651 

4 

a88 

1.490 

1.76 

544 

5 

2.85 

705 

5 

10.08 

3.208 

2.  20 

598 

6 

2.64 

689 

6 

12.21 

4,170 

2.  ao  1 

598 

7 

8.93 

924 

7 

12.64 

4,375 

2.  OO 

571 

8 

a50 

2,510 

8 

10.01 

3,170 

2.  04 

566 

9 

10.53 

3,400 

9 

a  01 

2,310 

1-88 

550 

10 

ILU 

3,670 

10 

7.87 

2,240 

2.03 

564 

11 

9.81 

3,080 

11 

7.91 

2,260 

2.  08 

670 

12 

a29 

2,425 

12 

7.45 

2.075 

2.00 

571 

13 

6.64 

1,775 

13 

7.95 

2,275 

2.28 

608 

14 

5.32 

1,310 

14 

10.38 

3.340 

1.76 

S44 

15 

4.33 

1,075 

15 

10.30 

3.300 

1.  51 

518 

16 

3.76 

879 

16 

a65 

2,575 

1.08 

482 

17 

3.29 

772 

17 

7.34 

2,040 

1.46 

513 

18 

8.28 

770 

18 

a80 

1,825 

1.74 

642 

19 

8.39 

795 

!•. 

a  12 

1,575 

1.  72 

640 

20 

4.14 

975 

20* 

a29 

1,640 

1.80 

647 

21 

9.76 

8,052 

21 

4.88 

1,173 

2.30 

616 

22 

15.28 

5,680 

22 

a  01 

1,225 

2.70 

666 

23 

15wl7 

5,625 

23 

a  38 

1,333 

1.90 

650 

24 

13.09 

4,580 

24 

a62 

1.410 

2.01 

562 

25 

10.33 

3,320 

25 

7.M 

1,917 

2.  19 

583 

26 

ao3 

2.320 

26 

a87 

1,850 

1.T5 

543 

27 

7.01 

1,920 

27 

a48 

1.720 

1.69 

537 

28 

a50 

2,510 

28 

7.49 

2,090 

1.  f»8 

525 

29 

11.08 

3,660 

29 

a98 

1,900 

1.  43 

610 

30 

10.09 

3,210 

30 

7.80 

2,225 

1.32    1 

504 

81 

&93 

2,695 

81 

7.77 

2,200 

17.270 

66,780 

66,726 
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REPORT   OP   THE   CHIEF   OF  ENGINEERS. 


Table  showing  the  daily  discharge  and  height  of  the  Connecticut  River  at  Hartford^  fr 

January  1  to  December  31,  1874. 


Date. 

Hoigbt, 

MiUionHof 

Date. 

Heljibt, 

Milliuniiof 

1 

Date. 

Heijcht,    Millwa 

feet. 

cubic  feet 

feet. 

cubic  feet 

feet 

cabled 

1874. 

1874. 

1874. 

JaiL          1 

7.89 

2,254 

Mar.      1 

10.33 

3,320 

May      1 

0.62 

2 

8.06 

2,335 

2 

8.79 

2,626 

2 

9.21 

3 

8.13 

2,360 

3 

6.49 

1,712 

3 

9.03 

4 

ao6 

2, 335 

4 

6.58 

1,  752 

4 

9.00 

5 

10.96 

3,597 

5 

10.39 

3,345 

5 

9.95 

6 

11.49 

3,R33 

6 

13.34 

4,710 

6 

11.68 

7 

12.66 

4,383 

7 

13.  28 

4.675 

7 

12.87 

8 

17.93 

7, 2.50 

8 

11.25 

3,730 

8 

12.40 

9 

23.51 

11.  .520 

9 

9.86 

3,092 

9 

11.60 

10 

23.46 

11,530 

10 

&19 

2,384 

10 

10.84 

11 

20.75 

9,280 

11 

a  73 

1,814 

11 

13.40 

12 

17.76 

7,170 

12 

5.90 

1,502 

12 

14.  72 

13 

14.37 

5,220 

13 

5.16 

1,270 

13 

13.76 

14 

11.05 

3.040 

14 

6.59 

1,756 

14 

12.97 

15 

8.98 

2.705 

15 

7.53 

2,120 

15 

12.79 

16 

7.66 

2,170 

16 

6.66 

1,778 

16 

13.  21 

17 

7.45 

2.  075 

17 

5.73 

1,448 

17 

14.43 

18 

9.42 

2,920 

18 

4.91 

1,187 

18 

14.65 

10 

10.20 

3, 2.55 

19 

6.76 

1,824 

19 

14.40 

20 

10.  .56 

3,415 

20 

a27 

2,419 

20 

14.13 

21 

10.45 

3,370 

21 

10.41 

3,350 

21 

13.90 

22 

10.  72 

3,485 

22 

10.42 

3.  3.55 

22 

14.83 

23 

11.48 

3,  829 

23 

9.62 

2,994 

23 

16.21 

24 

11.83 

3,900 

24 

ao7 

2,338 

24 

15.  62 

25 

11.28 

3,745 

25 

7.48 

2,095 

25 

14.28 

26 

10.01 

3,175 

26 

8.67 

1,781 

26 

14.07 

27 

11.83 

3,990 

27 

6.22 

1,616 

27 

14.90 

28 

12.  52 

4,320 

28 

&09 

1,570 

28 

14.35 

29 

12.53 

4,325 

29 

5.77 

1,460 

29 

12.93 

30 

12.42 

4,265 

30 

6.65 

1,420 

30 

11.40 

31 

11.29 
9.01 

8,750 

31 
Apr.      1 

5.20 
5.04 

1,278 

31 
June      1 

10.22 
9..^ 

135, 491 

71,721 

13 

Feb.         1 

2,717 

1,228 

2 

8.80 

2,635 

2 

4.79 

1,157 

2 

9.64 

3 

9. 25 

2,835 

3 

4.55 

1,085 

3 

9.56 

4 

9.17 

2,805 

4 

4.19 

982 

4 

9.05 

5 

9.22 

2,820 

5 

4.07 

960 

5 

a»4 

6 

9.20 

2.810 

6 

4.01 

946 

6 

7.99 

7 

9.28 

2,845 

7 

4.02 

918 

7 

7.61 

8 

9.13 

2.7a5 

8 

4.16 

975 

8 

aso 

9 

8.94 

2,700 

9 

4.45 

1,0.56 

9 

1L63 

10 

8.89 

2.685 

10 

5.56 

1,384 

10 

1L21 

11 

a  76 

2,  615 

11 

5.97 

1,530 

11 

9.30 

12 

8.56 

2,535 

12 

5.27 

1,295 

12 

7.72 

13 

&49 

2,508 

13 

4.98 

1,210 

13 

7.35 

14 

10.19 

3,250 

14 

4.75 

1,145 

14 

6.71 

15 

13.38 

4,730 

15 

4.98 

1,210 

15 

&56 

16 

15. 44 

5,790 

16 

6.49 

1.712 

16 

6.51 

17 

15.01 

5,  .538 

17 

9.56 

2,964 

17 

6.29 

18 

13.12 

•         4. 508 

18 

10.  05 

3.190 

18 

7.25 

19 

11.44 

3,815 

10 

9.08 

2,755 

19 

8.83 

20 

10.10 

3,214 

20 

a63 

2,567 

20 

10.64 

21 

9.23 

2,824 

21 

11.16 

3,688 

21 

1L22 

22 

a94 

2,700 

22 

12.23 

3,720 

22 

10.67 

23 

10.24 

3,275 

23 

10.37 

3,335 

23 

9.68 

24 

12.17 

4,150 

24 

9.97 

3,150 

24 

a45 

25 

12.84 

4.465 

25 

9.60 

2,9a5 

25 

7.23 

26 

13.08 

4.580 

26 

0.53 

2,950 

26 

6.99 

27 

12.97 

4,540 

27 

a  99 

2,708 

27 

7.30 

28 

11.64 

3,910 

28 

9.46 

2,928 

28 

6.86 

29 

9.81 

3,080 

29 

5.94 

30 

10.03 

3.185 

30 

5.31 

96,674 

62,031 

( 
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ahU  shoH-ing  the  daily  discharge  and  height  of  the  Conneciicitt  Biver^  ^c. — Continued. 


\ 

•Wto          1 

Height, 

1 
Millions  of 

1     Date. 

Height, 

Millions  of ' 

1 

\ 

Date. 

Height, 

Millionn  of 

\ 

feet. 

cubic  fe«t. 

1 

feet. 

cubic  feet  i 

feet. 

cubic  feet. 

1874. 

1      1874. 

1874. 

ly     1 1 

4.77 

1,  LW 

Sept      1 

2.51 

634 

Xov.      1 

1.56 

520 

2 

4.58 

1,090 

2 

2.22 

600 

2 

1.32 

500 

i 

4.64 

1,110 

3 

2.00 

561 

3 

1.47 

515 

4  1 

4.73 

1,140 

4 

1.43 

510 

4 

1.50 

520 

5 

6. -28 

1,636 

5 

1.45 

512 

5 

1.87 

550 

6 

9.16 

2,800 

6 

1.39 

511 

6 

1.68 

530 

7 

a97 

2,712 

7 

1.49 

516 

7 

0.89 

475 

^ 

7.65 

2.155  1 

8 

1.77 

645  ' 

8 

1.90 

560 

9 

6i61 

1,780  ' 

9 

1.89 

551  . 

9 

1.66 

530 

10  , 

5.87 

1,487 

10 

1.  95 

556  ! 

10 

1.50 

520 

11 

5.44 

1,353  i 

11 

1.89 

551 

11 

1.56 

525 

12 

7. 15 

1,974  1 

1                12 

2.27 

607 

12 

0.  75 

470 

13 

13.58 

4,840 

13 

2.30 

610 

13 

0.87 

475 

14 

14.37 

5.  220 

14 

2.33 

613  1 

14 

0.96 

480 

15 

12.45 

4,280 

15 

2.05 

566 

15 

0.96 

480 

16 

10.  U7 

3,200 

16 

2.09 

571 

16 

0.97 

480 

17 

8.12 

2,356  1 

17 

1.94 

555 

17 

1.  22 

495 

18 

6l66 

1,778 

18 

2.31 

611 

18 

1.54 

520 

19 

5.42 

1,349 

19 

1.86 

553 

19 

1,24 

500 

a> 

4.70 

1,134 

20 

1.76 

544 

20 

L75 

540 

21 

4.80 

1,160 

21 

1.81 

550 

21 

1.83 

5.50 

22  1 

5.38 

1,334 

22 

2.05 

575 

22 

1.65 

530 

23 

4.90 

1,184 

1               23 

2.01 

570 

23 

2.29 

600 

24 

4.37 

1,034 

1               24 

2.06 

580 

24 

2.  if! 

570 

^ 

3.88 

903  ! 

25 

2.11 

580  I 

25 

1.74 

540 

28, 

a46 

814 

26 

2.27 

600 

26 

2.00 

570 

27 

3.41 

800 

1       .        27 

2.42 

620 

27 

2.07 

575 

28 

3.29 

773 

28 

2.89 

700 

28 

1.45 

515 

29 

3.30 

777 

29 

3.08 

740 

29 

2.13 

680 

30 

3-32 

782 

30 

2.34 

620 

30 

2.56 

650 

31 

3.95 
4.52 

932 

1 

1 
1 

Oct       1 

2.19 

Dec.       1 

'2.32 

1 

55,  018 

17,412 

15,865 

H      1| 

1,074 

590 

615 

4.72 

1, 135 

2 

2.50 

640 

2 

2.16 

590 

3 

4.55 

1,084 

3 

2.42 

620 

3 

2.74 

675 

4 

4.30 

1,028  1 

4 

2.43 

620 

4 

2.57 

650 

5 

3.90 

920  > 

5 

2.49 

640 

5 

2.78 

680 

•l 

3.64 

854 

1                 ® 

2.63 

660  . 

6 

2,70 

670 

1 

3.35 

783  i 

'                7 

2.65 

660 

7 

2.99 

725 

8 

3.34 

781 

8 

2.45 

630  i 

8 

3.10 

740 

» 

4.60 

1,096  ; 

9 

2.64 

660 

9 

2.89 

700 

10 

5,30 

1,302  1 

10 

3.34 

780 

10 

2.12 

580 

11 

.5.00 

1,220 

11 

3.69 

870 

11 

2.43 

025 

12 

4.74 

1,143 

12 

3.56 

840 

12 

1.69 

530 

13 

4.40 

1,044 

13 

3.25 

770 

13 

L18 

490 

14 

3.94 

928 

14 

3.01 

730 

14 

1.  32 

500 

15 

3.64 

854 

15 

2.72 

670 

15 

0.44 

450 

16 

4.28 

1,020  ! 

16 

2.32 

620 

16 

1.73 

540 

17 

4.95 

1,198  1 

17 

2.09 

580 

17 

1.75 

540 

16 

4.59 

1,093 

18 

2.15 

580 

18 

L30 

500 

\% 

3.79 

879  1 

19 

1.78 

550 

19 

1.50 

520 

1      2 

3.48 

822 

20 

1.63 

530 

20 

1.58 

525 

a 

2.75 

679 

21 

1.63 

530 

21 

2.  52 

645 

22 

2.84 

689 

22 

2.56 

600 

22 

2.46 

025 

?' 

3.19 

758  1 
733  ' 

23 

1.91 

560 

23 

2.10 

580 

24 

3.04 

24 

1.97 

565  1 

24 

2.31 

610 

25 

3.01 

727 

25 

1.75 

540 

25 

0.92 

475 

28 

3.04 

733 

26 

1.71 

535 

26 

1.00 

480 

27 

3.07 

740 

27 

1.76 

540 

27 

1,10 

490 

» 

3.14 

751 

28 

1.72 

535 

28 

1.71 

540 

29 

3.17 

756 

29 

1.82 

5.50 

29 

2.10 

580 

3» 

3.08 

742 

30 

1.96 

565 

30 

2.11 

580 

31 

3.01 

727 

31 

1.81 

550  j 

31 

1.46 

515 

28,293 

1                      i 

19,310 

1 

17,965 
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Table  far  the  months  and  years. 


January 

February  — 

March 

April 

Miy 

Jnne 

Jnly 

August 

September  . . . 

October 

November 

December 

January,  1872. 


1871. 


Cubic  feeL 


44,460, 
134,328, 
66.209. 
80,886, 
23,686, 
16,  522, 
19, 159, 
20.286, 
24,217, 
39, 379, 
34, 211, 
29, 288, 


000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 


TotolB 532,631,000,000 


1872. 


Cubic 
29,288, 
18,  849, 
22, 437, 
130.966, 
82,164, 
63,606, 
26,  918, 

w.9go, 

53,388, 
41,923. 
62,807, 
45,548, 


feet 

000,000 

000,000 

000,000 

000.000 

000,000 

000,000 

000,000 

000,000 

000,000 

000.000 

000,000 

000,000 


638, 070, 000, 000 


1873. 


Cubic 
64,430, 
45,123, 
43, 316, 
181,  780, 
138, 720, 
26,400. 
18,982, 
17,  270, 
17,  718. 
66,780, 
39, 915, 
66,726. 


feet 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000.000 

000,000 


I87i 


135,4ft],Qt9,l0# 

71, 7a,  001,1^ 

139,213.(M,«ir 
74,llO.00|,«r 
55,018,(».|»: 
28,293,0Q|;lii 
17.412,0«.li 
19,310.0»,4t^ 
15,865.(W). 
17,06S,(MO, 


a 


727.160,000,000  ,      733.10a,0(»,< 


Table  showing  the  number  of  days  in  1871  that  the  average  for  the  day  at  Hartford  wa  al 

a  given  height. 


Height 

No.  of 
days. 

Height. 

1 
No.  of 
days. 

Height 

No.  of 
days. 

Height         ' 

SaJ 

FRBBUART. 

2  feet  and  over.. 

1 
30 

3  feet  and  over. .. 

17 

MOVCMBEB. 

3  feet  and  over. . 

80 

4  feet  and  over. . . 

3 

1  foot  and  over. . . 

28 

4  feet  and  over.. 

30 

5  feet  and  over... 

2 

1  foot  and  over.. 

2  feet  and  over. . . 

28 

5  feet  and  over.. 

30 

2  feet  and  over.. 

3  feet  and  over. . . 

17 

6  feet  and  over. . 

30 

3  fe<et  and  over.. 

4  feet  and  over. . . 

14 

7  feet  and  over.. 

26 

JULT. 

4  feet  and  over. . 

5  feet  and  over... 

12 

8  feet  and  over.. 

12 

5  f<^t  and  over. . 

6  feet  and  over, . . 

10 

9  feet  and  over.. 

3 

1  foot  and  over. . . 

31 

6  feet  and  over.. 

7  feet  and  over... 

9 

10  feet  and  over. . 

2 

2  feet  and  over. . . 

3 

7  feet  and  over.. 

8  feet  and  over... 

7 

8  feet  add  over. . 

9  feet  and  over... 

6 

9  feet  and  over.. 

i     ■'    ,^^.  -^ 

10  feet  and  over. . . 

5 

MAT. 

AU6U8T. 

10  feet  and  over. . 

11  feet  and  over. .. 

4 

11  feet  and  over.. 

12  feet  and  over... 

2 

1  foot  and  over. . 

31 

1  foot  and  over. . . 

81 

>. 

2  feet  and  over. . 

31 

2  feet  and  over. .. 

19 

MARCH. 

3  feet  and  over.. 

4  feet  and  over.. 

81  1 
31 

3  feet  and  over. .. 

4  feet  and  over. .. 

2 

1 

DKCBMBUL 

, 

1  foot  and  over... 

81 

5  feet  and  over. . 

20  I 

5  feet  and  over. . . 

1 

■ 

Ej 

2  feet  au<l  over. . . 

31 
31 

6  feet  and  over. . 

7  feet  and  over. . 

15  ' 

6  feet  and  over... 

1 

1  foot  and  over.. 

2  feet  and  over. 

3  feet  and  over. .. 

4  feet  and  over... 

31 

8  feet  and  over. . 

11 

3  feet  and  over.. 

'  * 

5  feet  and  over. . . 

31 

9  feet  and  over. . 

9 

4  feet  and  over 

Ti       - 

6  feet  and  over... 

7  feet  and  over... 

31 

10  feet  and  over. . 

11  feet  and  over. . 

8  1 

1  foot  and  over. . . 

5  feet  and  over.. 

6  feet  add  over.. 

29 

7 

80 

8  feet  and  over... 

27 

12  feet  and  over. . 

6 

2  feet  and  over... 

13 

7  feet  and  over.. 

___ 

9  feet  and  over. . . 

27 

13  feet  and  over.. 

5 

3  feet  and  over  . . 

6 

8  feet  and  over.. 

10  feet  and  over  . . 

27 

14  feet  and  over.. 

5 

4  feet  and  over... 

4 

11  feet  and  over... 

27 

15  feet  and  over.. 

4 

5  feet  and  over... 

3 

_ 

12  feet  and  over... 

24 

16  feet  and  over. . 

4 

6  feet  and  over. . . 

2 

JAIOTABT,  1872. 

' 

— ■ 

13  feet  and  over. . . 

16 

17  feet  and  over.. 

4 

'       - 

14  fe4»t  and  over . . . 

6 

18  feet  and  over. . 

3 

15  feet  and  over... 

6 

OCTOBKB. 

1  foot  and  over. . 

16  feet  and  over. . . 

2 

JUNE. 

1  foot  and  over . . . 

31 

2  feet  and  over.. 

2  feet  and  over... 

21 

3  feet  and  over. . 

APRIL. 

3  feet  and  over  . . 

13 

4  feet  and  over.. 

1  foot  and  over. . 

80 

4  feet  and  over. . . 

7 

5  feet  and  over. . 

1  foot  and  over... 

30 

2  feet  and  over. . 

29 

5  feet  and  over... 

3 

6  feet  and  over.. 

: 

Tl 

}talfo 

r  (he  year  from  F( 

fbruar 

y  1,  1871,  to  Jam 

iaryS 

1,  1872. 

Total  for  twelve  m< 

Duths. 

Total  for  twelve  montha. 

Total  for  twelve  months. 

Total  for  twelve  moni 

Height. 

No.  of 
days. 

Height 

No.  of 
days. 

Height 

No.  of 
days. 

height 

^ 

1  foot  and  over 

365 

6  feet  and  over.. 

106 

11  feet  and  over.. 

89 

15  feet  and  over.. 

2  feet  and  over 

295 

7  fec*t  and  over. . 

87 

12  feet  and  over. . 

82 

16  feet  and  over. . 

3  feet  and  over 

214 

8  feet  and  over.. 

63 

13  feet  and  over. . 

21 

17  feet  and  over. . 

4  feet  and  over 

165 

9  feet  and  over. . 

48 

14  feet  and  over.. 

11 

18  feet  and  over.. 

6  feet  and  over 

129 

10  feet  and  over.. 

43 
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He  Mkowing  the  nttmher  of  days  in  1872  ih4it  the  average  for  the  day  at  Hartford  was  above 

a  given  height. 


HeighL 


|No.of 


J15UABT. 

M  and  over 
ifiwt  and  over 
I  fed  and  over  . 
I  feet  and  over  . 
ifert  and  over 
Ifttt  and  over 

TUBUABT. 

1  iwt  and  over 
!  fret  aid  over 
tfeetaodover 

MABCH. 

IfiwtandoTer 
iftetand  over 
Ifeetaod  over 
tfeet  and  over 

APBIL. 

Ifertandorer 
ifertuutover 
t&ct  and  over 
t  feet  and  over 
SfeHandorer 
I  feet  and  over 
7  feet  and  over 
I  feet  and  over 
li»t  and  over 
i  feet  and  over 
1  feet  and  over 
2fee( and  over 


Height 


No.  of 
days. 


31 
29 
22 
13 
7 
3 


29 

28 

6 


31 

27 

9 

6 


30 
30 
30 
28 
24 
23 
23 
22 
22 
21 
21 
18 


13  feet  and  over. 

14  feet  and  over. 

15  feet  and  over. 

16  feet  and  over. 

17  feet  and  over. 

18  feet  and  over. 

19  feet  and  over. 


MAT. 

1  foot  and 

2  feet  and 

3  feet  and 

4  feet  and 

5  feet  and 

6  feet  and 

7  feet  and 

8  feet  and 

9  feet  and 

10  feet  and 

11  feet  and 

12  feet  and 

13  feet  and 


over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over; 
over, 
over, 
over. 


JUNB. 

1  foot  and  over. 

2  feet  and  over. 

3  feet  and  over. 

4  feet  and  over. 

5  feet  and  over. 

6  feet  and  over. 

7  feet  and  over. 

8  feet  and  over. 

9  feet  and  over. 
10  feet  and  over. 


15 
12 
10 
6 
6 
5 
2 


31 

31 

31 

31 

31 

26 

16 

14 

13 

10 

9 

6 

4 


30 

30 

30 

27 

21 

18 

15 

7 

5 

5 


Height 


11 
12 
13 
14 


1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over. 

JULY. 

foot  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over. 

AUGUST. 


foot  and 
feet  and 
feet  and 
feet  and 
feet  and 
feet  and 
feet  and 
feet  and 
feet  and 
feet  and 
feet  and 
feet  and 


over. 
Qver. 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over. 


SEPTKMBICB. 

1  foot  and  over. 

2  feet  and  over. 

3  feet  and  over. 

4  feet  and  over. 

5  f(M;t  and  over. 

6  feet  and  over. 

7  feet  and  over. 


No.  of 
days. 


5 

4 
3 
2 


31 

31 

80 

6 


31 

31 

31 

27 

23 

16 

12 

11 

6 

5 

4 

1 


80 
80 
30 
30 
23 
19 
9 


Height 


8  feet  and  over. 

9  feet  and  over. 

OCTOBEB. 


Ifoot 

2  feet 

3  feet 

4  feet 

5  feit 

6  feet 

7  feet 


and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over. 


KOVEMBBB. 


1  foot  and 

2  feet  and 

3  feet  and 

4  feet  and 

5  feet  and 

6  feet  and 

7  feet  and 

8  feet  and 

9  feet  and 

10  feet  and 

11  feet  and 

12  feet  and 


over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over. 


DBCBMBBB. 

1  foot  and  over. 

2  feet  and  over. 

3  feet  and  over. 

4  feet  and  over. 

5  feet  and  over. 

6  feet  and  over. 

7  feet  and  over. 


No.  of 
days. 


5 
3 


31 
31 
81 
80 
21 
5 
1 


30 

30 

30 

30 

29 

17 

13 

9 

5 

5 

3 

3 


81 
31 
31 
80 
24 
18 
5 


Total  for  the  year  from  January  1  to  December  31,  1872. 


T*d  for  twelve  months. 

Total  for  twelve  months. 

Total  for  twelve  months. 

Total  for  twelve  months. 

Eel^t 

No.  of 
days. 

Height 

No.ofj 
days. 

1 

Height. 

No.  of 
days. 

Height 

No.of 
days. 

1  feot  and  over  .. 
ifert  and  over.. 
}  fe«t  and  over  .. 
♦  frrt  and  over.. 
S  fett  and  over  .. 

366 
359 
311 
258 
203 

6  feet  and  over. . 

7  feet  and  over.. 

8  feet  and  over.. 

9  feet  and  over.. 
10  feet  and  over.. 

145 
94 
68 
54 
46 

11  feet  and  over.. 

12  feet  and  over. . 

13  feet  and  over.. 

14  feet  and  over.. 

15  feet  and  over. . 
1 

42 
32 
22 
14 
10 

16  feet  and  over.. 

17  feet  and  over.. 

18  feet  and  over.. 

19  feet  and  over.. 

6 
6 
5 
2 
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Table  showing  the  number  of  days  in  1873  that  the  average  for  the  day  at  Hartford  vas  al% 

a  given  height. 


Height 

1 

No.  of 
days. 

Height 

Xo.of 
days. 

Height 

Xo.of 
days. 

Height 

No. 

da. 

JAXUART. 

I 

APRIL. 

14  feet  and  over. - 

14 

5  feet  and  over.. 

1 

, 

15  feet  and  over. . 

U 

6  feet  and  over. . 

] 

1  foot  and  over  . . 

31 

1  foot  and  over.. 

30 

16  feet  and  over.. 

3 

7  feet  and  over.. 

1 

2  fe«'t  an<l  over  . . 

31 

2  feet  and  over. . 

30 

17  feet  and  over.. 

2 

8  feet  and  over. . 

I 

3  feet  ami  over  . . 

31 

3  feet  and  over. . 

30 

9  feet  and  over.. 

Ij 

4  feet  and  over  . . 

31 

4  feet  and  over.. 

30 

JLTCE. 

10  feet  and  over.. 

i 

5  fi-et  and  over  . . 

31 

5  feet  and  over.. 

30 

11  feet  and  over.. 

1 

6  feet  and  over  . . 

25 

6  ft'et  and  over. . 

30 

1  foot  and  over. . 

30 

12  feet  and  over.. 

I 

7  feet  and  over  . . 

12 

7  feet  and  over.. 

30 

2  feet  and  over. . 

30 

13  feet  and  over.. 

{ 

8  feet  and  over  . . 

6 

8  feet  and  over.. 

30 

3  fe<'t  and  over.. 

17 

14  feet  and  over.. 

4 

9  feet  and  over  . . 

6 

9  feet  and  over.. 

30 

4  fwt  and  over. . 

11 

15  feet  and  over. . 

( 

10  feet  and  over  . . 

4 

10  ftM't  and  over.. 

29 

5  feet  and  over.. 

3 

11  fe^t  and  over  . . 

3 

11  feet  and  over.. 

29 

6  feet  and  over.. 

2 

XOVEMBER. 

12  feet  and  over  . . 

3 

12  f«*et  and  over.. 

28 

13  feet  and  over  . . 

1 

13  feet  and  over.. 

27 

JULY. 

1  foot  and  over. . 

3 

14  feet  and  JO  ver.. 

20    ' 

2  feet  and  over. . 

3 

FEBBUART. 

15  ftft  and  over.. 

18 

1  foot  and  over. . 

31 

3  feet  antl  over. . 

3 

16  feet  and  over.. 

15 

2  feet  and  over.. 

23 

4  feet  and  over.. 

3 

1  foot  and  over  . . 

28 

17  feet  and  over.. 

11 

3  feet  and  over. . 

2 

5  feet  and  over..! 

1 

2  feet  and  over  . . 

28 

18  f«'et  and  over.. 

5 

6  feet  and  over.. 

( 

3  feet  and  over  . . 

28 

19  fet*t  and  over.. 

4 

AUGUST. 

' 

7  ft'^t  and  over.. 

' 

4  feet  and  over  . . 

28 

20  feet  and  over. . 

2 

8  feet  and  over.. 

5  feet  and  over  1 . 

2.> 

1  foot  and  over. . 

31 

6  feet  and  over  .  - 

15 

MAT. 

1 

2  feet  and  over.. 

13 

DECEMBER. 

7  feet  and  over  . . 

7 

1 

' 

8  feet  and  over  . . 

1 

1  foot  and  over. . 

31 

8KFTRMBER. 

1 

1  fcx»t  and  over.. 

Z 

' 

2  feet  and  over. . 

31 

2  feet  and  over. 

Z 

MARCH. 

3  feet  and  over.. 

31 

1  foot  and  over.. 

28 

3  feet  and  over. . 

3 

4  ffH't  and  over.. 

31 

2  feet  and  over.. 

10 

4  feet  and  over.. 

3 

1  foot  and  over  . . 

31 

5  feet  and  over. . 

31 

3  feet  and  over.. 

4 

5  f«H-t  and  over.. 

2 

2  fe<'t  and  over  . . 

31 

6  feet  and  over. . 

31 

4  feet  and  over.. 

1  ; 

6  feet  and  over.. 

2 

3  feet  and  over  . . 

31 

7  feet  and  over.. 

31 

t 

7  feet  and  over.. 

1 

4  feet  and  over  . . 

31 

8  feet  and  over. . 

30 

OCTOBER. 

8  feet  and  over.. 

5  feet  and  over  . . 

18 

9  feet  and  over. . 

28 

9  feet  and  over. . 

6  feet  and  over  . . 

8 

10  feet  and  over.. 

19 

1  foot  and  over. . 

31  , 

10  feet  and  over.. 

7  fwt  and  over  . . 

2 

11  feet  and  over.. 

1» 

2  feet  and  over.. 

31 

11  feet  and  over.. 

8  feet  and  over  . . 

2 

12  feet  and  over.. 

18 

3  fw»t  and  over  . 

25 

12  feet  and  over.. 

9  feet  and  over  . . 

1 

13  feet  and  over.. 

17, 

4  feet  and  over.. 

20 

1 
1 

Total  for  the  year  from  January  1  to  December  31,  1873. 


Total  for  twelve  months.    Total  for  twelve  months.    Total  for  twelve  months.    Total  for  twelve  monti 


Height 


No.  of 
da  vs. 


1  foot  and  over  . . 

2  feet  and  over  . . 

3  feet  and  over  . . 

4  feet  and  over  . . 

5  feet  and  over  . . 


Height 


No.  of 
dajs. 


363 

6  f»*et  and  over.. 

159 

319 

7  feet  and  over..! 

117 

260 

8  feet  and  over. . 

93 

240 

9  feet  and  over.. 

81 

203 

10  feet  and  over.. 

67 

Height 


11  feet  and  over. 

12  feet  and  over. 

13  feet  and  over. 

14  feet  and  over. 

15  feet  and  over. 


No.  of 
days. 


59 
55 
49 
37 
31 


Height 


16  feet  and  over. 

17  feet  and  over. 

18  feet  and  over. 

19  feet  and  over. 

20  feet  and  over. 


No 

d»2 
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kikowing  ihe  nnmhcr  of  days  in  1874  that  the  average  for  the  day  at  Hartford  was  above 

a  given  height. 


Eeight 


JflABT. 

and  over , 
umI  over . 
and  over  . 
and  over . 
and  over  . 
and  over  . 
and  over  . 
Kod  over  . 
iiMi  over  . 
md  over . 
lad  over  . 
uid  over  . 
md  over  . 
ind  over  . 
uid  over  . 
lod  over  . 
md  over  . 
tod  over  . 
md  over  . 
md  over  . 
md  over  . 
md  over  . 
md  over . 

&VAKT. 

Dad  over  . 
rod  over 
and  over 
and  over 
and  over . 
and  over  . 
and  over 
and  over 
and  over 
and  over 
i  and  over 
t  and  over 


Xo.of 
days. 


Height 


31 

31 

31 

31 

31 

31 

31 

28 

24 

23 

17 

10 

6 

6 

5 

5 

5 

3 

3 

3 

2 

2 


28 
28 
28 
28 
28 
28 
28 
28 
21 
13 
10 
8 


13  feet  and  over. 

14  feet  and  over. 

15  feet  and  over. 


MARCH. 


1 

2 
3 
4 

5 


foot 
fett 
feet 
feet 
feet 

6  feet 

7  feet 

8  feet 

9  feet 

10  feet 

11  feet 

12  feet 

13  feet 


and  over, 
and  over. 
au<l  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over. 


APRIL. 


1  foot 

2  feet 

3  fwt 

4  feet 

5  feet 

6  feet 

7  feet 

8  feet 

9  feet 

10  feet 

11  feet 


and 
and 
and 
and 
and 
and 
and 
and 
and 
and 
and 


over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
over, 
ov^er. 


MAT. 

1  foot  and  over. 

2  feet  and  over. 

3  feet  and  over. 

4  feet  and  over. 


No.of 
days. 


5 
3 
3 


31 

31 

31 

31 

30 

24 

15 

13 

9 

7 

3 

2 

2 


30 
30 
30 
30 
19 
15 
14 
14 
12 
5 
2 


31 
31 
31 
31 


Height. 


No.of 
days. 


5  feet  and  over. 

6  feet  and  over. 

7  feet  and  over. 

8  feet  an<i  over. 

9  feet  and  over. 

10  feet  and  over. 

11  feet  and  over. 

12  feet  and  over. 

13  feet  and  over. 

14  feet  and  over. 

15  feet  and  over. 

16  f«*et  and  over. 

JUNE. 

1  foot  and  over. 

2  feet  and  over. 

3  feet  and  over. 

4  feet  and  over. 

5  feet  and  over. 

6  feet  and  over. 

7  feet  and  over. 

8  feet  and  over. 

9  feet  and  over. 

10  feet  and  over. 

11  feet  and  over. 

JULT 

1  foot  and  over. 

2  feet  and  over. 

3  feet  and  over. 

4  feet  and  over. 

5  feet  and  over. 

6  feet  and  over. 

7  feet  and  over. 

8  feet  and  over. 

9  feet  and  over. 
10  feet  and  over. 


31 
31 
31 
31 
31 
26 
24 
21 
16 
12 
2 
1 


30 
30 
30 
30 
30 
28 
22 
15 
11 
5 
3 


31 

31 

31 

24 

16 

12 

9 

7 

5 

4 


Height. 


No.of 
days. 


11  feet  and  over. 

12  feet  and  over. 

13  feet  and  over. 

14  feet  and  over. 

AUGUST. 

1  foot  and  over. 

2  feet  and  over. 

3  f«H-t  and  over. 

4  feet  and  over. 

5  feet  aiwi  over. 


BEITKMUKR. 


fr»ot 
feet 

f«H't 

fiM-t 
feet 

6  feet 

7  feet 


and  over, 
and.  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over. 


OCTOBKIL 

1  foot  and  over. 

2  feet  and  over. 

3  feet  and  over. 

KOVEMBKB. 

1  foot  and  over. 

2  feet  and  over. 

DECKMDEB. 

1  foot  and  over. 

2  feet  and  over. 

3  feet  and  over. 


3 
3 


31 
31 
29 
12 


30 
30 
30 
30 
30 
11 


31 

19 

5 


24 
6 


29 

17 

1 


Total  for  the  year  from  Januarif  1  to  December  31,  1874. 


1  for  twelve  months. : 

Total  for  twelve  months.    Total  for  twelve  months. 

1 

Total  for  twelve  months. 

u«-k*          fNo.of ' 
^'^^^           days. 

Height. 

d^yl'            Height. 

No.of 
days. 

Height. 

No.  of 
days. 

1 
««Ddovex...!    357 
ptttdover...     315 
Wind  over...     280 
Wudover...     247 
gaadover...     217 
Waal  over...!    180 

7  feet  and  over. . 

8  feet  and  over.. 

9  feet  and  over. . 

10  feet  and  over. . 

11  feet  and  over.. 

12  feet  and  over. . 

152 

136 

113 

83 

62 

42 

13  feet  and  over. . 

14  feet  and  over. . 

15  feet  and  over. . 

16  feet  and  over. . 

17  feet  and  over. . 

18  feet  and  over. . 

31 

22 

10 

6 

5 

3 

19  feet  and  over.. 

20  feet  and  over. . 

21  feet  and  over. . 

22  feet  and  over. . 

23  feet  and  over. . 

3 
3 
2 
2 
2 

TABLES  APPENDED. 

ibfie  are  also  appended  to  this  report  the  following  tables,  belonging  more  properly 
"""•finrt  part  of  it,  relating  to  the  surveys,  but  which  were  not  prepared  when  that 
*»trMgniitte<l: 

Table  of  recorded  heights  of  remarkable  freshets  in  the  Connecticut  River  above 
»»-»»t«r  at  Hartford. 

J*W«;  of  borings  between  Hartford  and  Holyoke,  showing  the  strata  passed  through. 

j*'*CTal  list  of^bench-marks  between  Hartford  and  Holyoke. 

"«tof  high-water  marks  between  Hartford  and  Holyoke. 

24£ 
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Table  showing  heights  of  freshets  in  the  Connecticut  River  above  low^cater  at  Hartf 


Date. 


Freshet  oflSOl 

Freshet  of  1841 

Freshet  of  1843 

Freshet  of  I>ecember,  1844 
Freshet  of  February,  1845. 

Freshet  of  April,  1^5 

Freshet  of  March,  1846 

Freshet  of  April,  1847 

Freshet  of  January,  1848  . . 
Freshet  of  NovemWr,  1849 

Freshet  of  May,  1850 

Freshet  of  January,  1851 . . 

Freshet  of  April,  1852 

Freshet  of  May,  1853 

Freshet  of  November,  1853 

Freshet  of  May,  1854 

Freshet  of  January,  1855.. 

Freshet  of  April,  1856 

Freshet  of  August,  1856. . . 
Freshet  of  February,  1857. 
Freshet  of  October,*  1857  . . 
Freshet  of  March,  1858. .. . 

Freshet  of  March,  1859 

Freshet  of  March,  1860 .... 
Freshet  of  April,  1861 


>    • 
o  ® 

®  ^ 


Feet 

27.50 
26.33 
27.17 
19.50 
19.00 
19.00 
ia75 
21.00 
15.50 
17.50 
20.75 
14.50 
23.12 
16.00 
20.50 
29.83 
15.00 
16.25 
23.  33 
19.50 
18. 25 
12.25 
26.42 
16.00 
21.50 


Pate. 


Freshet  of  April,  1862 

Freshet  of  November,  1862 

Freshet  of  May,  1863 

Freshet  of  April,  1864 

Freshet  of  March,  1865 

Freshet  of  May,  1865 

Freshet  of  Feljniarv,  1866. 

Freshet  of  April,  1^ 

Freshet  of  February,  1887. 

Freshet  of  April,  1867 

Freshet  of  xVugust,  1867. . . 

Fn-»het  of  March,  1868 

Freshet  of  April,  1869 

tYeshet  of  October,  1869  . . 
Freshet  of  February,  1870. 

Freshet  of  April,  1870 

Freshet  of  March,  1871 

Freshet  of  May,  1K71 

Fivshet  of  April,  1872 

Freshet  of  June,  1872 

Freshet  of  August,  1872. . . 
Freshet  of  November,  1872 

Freshet  of  April,  1873 

Freshet  of  October,  1873  . . 
Freshet  of  January,  1874 . . 


Table  of  borings  in  river-bed  between  Hartford  and  Holyoke, 


B 
2* 


3 

3 

o 
H 


Material  passed  through. 


Boring  No.  1,  oppotite  State  street,  Hartford. 


23 
9 
7 
6 
3 


// 

/ 

// 

0 

23 

0 

2 

32 

2 

10 

40 

0 

6 

46 

6 

0 

49 

6 

Siwdy  loam. 

Ke<1  clay  and  sand. 

Red  clay. 

Ked  clay  and  sandy  loam. 

Ked  clay  and  graveL 


Struck  a  root  or  log. 

Boring  No.  2,  eaH  fide  of  river,  0.63  mUe  above 

Hartford. 


14 

4 

0 

10 

17 

3 


0 

14 

0 

2 

18 

2 

10 

19 

0 

9 

29 

9 

9 

47 

6 

0 

50 

6 

Sandy  loam. 
Sand  and  clay. 
Hard  sand. 

|uicksand. 

picksand  and  red  clay. 
'  clay  and  graveL 


Hard  red  marl,  which  prevented  boring. 

Boring  No.  3,  east  side  of  river,  1.56  miUt  above 

Harford.  ' 


4 

5 

11 

3 

3 

23 

16 

23 


6 
6 
0 
0 
1 
5 
0 
6 


4 

6 

10 

0 

21 

0 

24 

0 

27 

1 

50 

6 

66 

6 

90 

0 

Sandy  loam. 
Sand  and  hard  clay. 
Soft  wet  sand. 
Blue  sand  and  clay. 
Coarse  samL 
Coarse  sand  and  clay. 
Clay  and  fine  sand. 
Clay  and  coarse  sand. 


Sand  filled  the  hole  as  &8t  as  bored. 


Si 

Se 

H 


3 

o 
H 


Material  passed  thronj 


Boring  No.  4,  icest  side  of  river,  2.39  miUi 

Hartford. 


Sandy  loam. 
Blue  sand  and  loam. 
Sand  and  gravel. 
Clay  and  gravel. 
Red  clay. 
Yellow  sand. 
Re<l  marl  and  graveL 
Hard ;  probably  rock. 

Boring  No.  5,  west  side  qf  river,  3.37  milti 

Hartford. 


Sandy  loam. 
Clay  and  sand. 
Sand  and  mud. 
Sand  and  graveL 
Red  clay  and  graveL 


/ 

// 

/ 

" 

29 

0 

29 

0 

1 

9 

30 

9 

8 

0 

38 

9 

5 

3 

44 

0 

36 

0 

80 

0 

42 

6 

122 

6 

0 

10 

123 

4 

4 

2 

4  2 

4 

8 

8  10 

8 

0 

16  10 

0 

5 

17  3 

4 

8 

21  11 

Rock. 


Boring  No.  6,  west  side  of  river,  4.48  milet 

Harford. 


2 
2 
2 
1 
25 
1 
Rock. 


0 

2 

0 

6 

4 

6 

6 

7 

0 

2 

8 

2 

2 

33 

4 

4 

34 

8 

Dark  loam. 

Sand  and  clay. 

Red  gravel  and  shelly  rocl 

HartfnHl  clay. 

Soft  red  clay! 

Red  clay  and  gravel. 
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Table  of  borings  in  river-bed  between  Hartford  and  Holyoke — Continued. 


9 


li  s 

9 

H 


s 

•2« 


MaterUl  paaaed  through. 


Bemg  No.  7,  icefC  Hds  of  Hver,  5.24  milM  above 
Hartford. 


n 


10  8 

10 

8 

8  9 

19 

5 

1   9 

21 

2 

3S  3 

46 

5 

510| 

52 

3 

BkL 

Sandy  loam. 
Yellow  mad. 
Gray  sand. 
Yellow  sand. 
Ked  graveL 


hiMQ  5b.  8,  Kwvf  «ufe  0/  river,  0.27  mXUa  above 
Hartford. 


Sandy  loam. 

Kiver  sand. 

Shelly  rock  and  graveL 

Sand  and  ^craveL 

River  sand. 

Ked  clay  and  graveL 

Red  clay. 

Red  clay  and  graveL 

Red  sand. 


210 

2  10 

17  3 

20    1 

I  4l 

23    5 

6  7 

30    0 

♦  2 

34    2 

2  4 

36    6 

a  6, 

70    0 

2  4 

72    4 

4  2 

76    6 

^fill«d  op  as  fast  as  bored. 


M»g  No.  9,  eoH  gide  of  river,  7.23  mUes  above 
Harford. 


12  7 


12 
13 


7 
3 


Coarse  sand. 
Sand  and  gravel. 


EmRg  Jo.  10,  west  tide  of  river,  S.l8'miles  above 
Harford. 


6  I  Dark  loam. 

4  !  Yellow  loam. 

6  I  Yellow  loam  and  clay. 

6  I  Bine  clay. 

6  Sand  and  craveL 

7  i  Shelly  rocL 


i*»y  Ko.  11,  wett  tide  of  river,  8.93  milet  above 
Harford. 


2  6' 

2 

no 

6 

10  2 

16 

2  0 

18 

2  0 

20 

1  I; 

21 

BkL 

2  1 
711 
0  7 
Isek. 


3 
11 
11 


Sandy  loam. 

Coarse  sand  and  loam. 

Gravel  and  sand. 


^  3ro.  12,  vett  tide  of  rt9er,[9.64  mOet  eJbove 
Hariford, 


Sandy  loam. 
Gray  sand. 
RedT  graveL 


!•! 

6   6 

3  4 

9  10 

.*  « 

10   4 

fi«i 

Material  passed  through. 


Boring  No.  13,  wett  tide  of  river,  10.49  mUet  above 

Hartford. 


4    9 
14    7 

0  8 

1  4 
Rook. 


4  9  I  Yellow  sandy  loam. 

19  4  I  Graj'  saud  and  loam. 

20  0  I  River  sand. 

21  4  I  Gravel  and  shelly  rook. 


Boring  No.  14,  wett  tide  <if  river,  10.85  m%let  above 

Hartford. 


5 
11 


4 

0 


5 
16 


4 

4 


Sandy  loam. 

Re<l  clay  and  graveL 


Boring  stopped ;  probably  rock. 

Boring  No.  15,  eatt  tide  of  river,  18.39  milet  above 

Hartford. 


1    6 
5    3 
7    5 
Rock. 


1 

6 

6 

9 

14 

2 

Dark  loam. 

Clay  and  fine  sand. 

Red  clay  and  graveL 


Boring  No.  16,  e<ut  tide  of  river,  19.54  mUet  above 

Hartford. 


5  0 

6  11 
3  10 

14    1 


5  0 
11  11 
15  9 
29  10 


Dark  loam. 

Yellow  and  gray  sand. 
Yellow  and  blae  sand. 
River  sand  and  gravel. 


Sand  filled  the  hole  as  fast  as  bored. 

Boring  No.  17,  eatt  tide  of  river,  20.61  miUt  above 

Hartford. 

9  10        9  10  I  Yellow  loam. 


6    8 

1  10 

45  11 

3  10 
15  11 
13    0 

4  4 


16    6     Ytllow  sand. 


18 
64 
68 


4 

3 
1 


84    0 

97    0 

101    4 


River  saud. 
Sand  and  graveL 
Fine  sand  and  clay. 
Coarse  gravel  and  sand. 
Sand  ana  gravel. 
Fine  sand. 


Anger  lost  in  hole. 

Boring  No.  18,  eatt  tide  qf  river,  24.96  miUt  above 

Hartford. 


9  0 
25    6 

1  0 
14  9 
Rock. 


9 

0 

34 

6 

35 

6 

50 

3 

Sandy  loam. 
River  and  blae  sand. 
Coarse  gravel  and  sand. 
Gravel  and  river  sand. 


Boring  No.  19,  etut  tide  of  river,  28.60  milet  above 

Hartford. 


4  6 
12  11 
27    7 

2    6 


4  6 

17  5 

45  0 

47  6 


Anger  lost  in  hole. 


Sandy  loam. 
Loam  and  gray  sand. 
Fine  river  sand. 
Gravel  and  sand. 


rt 


List  of  bench-marks  between  Hartford  and  Holyoke, 
I  Feet 

^-water  mark  at  Hartford,  or  0  of  the  gauge  at  the  toll-bridge 000 

Top  of  freestone  foundation  at  the  northeast  comer  of  house  on  the  southwest 

comer  of  Warwamie  avenue  and  Van  Dyke  avenue,  Hartford   31. 540 

'^ttt  on  the  west  side  of  an  elm  tree,  near  the  northwest  comer  of  Deming's 

wUar-fihop,  in  East  Hartford 32.613 

^^  on  the  west  side  of  a  double  apple-tree,  90  feet  south  of  the  southeast  cor- 

JM  of  old  poudrette  factory,  and  640  feet  east  of  main  road  in  East  Hart- 

«wl 34.991 
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Cut  on  south  side  of  black-oak  stump,  200  feet  northwest  of  the  northwest  cor- 
ner of  the  ])am  in  John  Whah'u's  h)t.  East  Hartford 31. 943 

Cut  on  maple  tree,  1,270  feet  west  of  southwest  comer  of  a  road  to  the  mead- 
ows, said  corner  beiuj?  about  2,650  feet  north  of  Podunk  River  bridge,  on 
main  roa<l  in  South  Windsor 34.055 

Cut  on  south  side  of  maple  tree,  520  feet  west  of  the  main  road,  and  1,230  feet 

south  of  Stoughtou's  Brook  in  John  Miwre's  lot.  South  Windsor 23. 344 

Cut  on  east  side  of  locust  tree,  on  the  north  side  of  road  to  BisselFs  ferrj',  and 

510  feet  west  of  main  niad  in  South  Windsor 65. 840 

Cut  ami  si)ike  on  nortli  side  of  northerly  pine  tree,  about  60  feet  nortliwent 
from  town-house  at  Biswll's  ferry 28. 310 

Cut  on  the  south  side  of  hickory  ti*ee,  210  feet  northwest  of  the  northwest  cor- 
ner of  tobacco-shed  in  Charles  WelTs  lot,  Ea.st  W^indsor 50. 704 

Cut  on  the  northwest  side  of  a  large  hickor>'  tree,  about  900  feet  northeast  of 

the  mouth  and  100  feet  west  of  Prior's  Creek,  Ejust  Windsor 27.152 

Northeast  comer  of  undequiniing  stone  at  the  northea.st  comer  of  red  tol)acco- 
shed  belonging  to  J.  C.  BavSst»nger,  on  west  side  of  river  road  at  Warehouse 
Point 29.810 

To])  of  southwest  comer  of  abutment  of  New  York,  New  Haven  and  Hartford 

Railroad  bridge  at  Warehouse  point 61. 900 

Toj)  of  southea.st  comer  of  abutment  of  New  York,  New  Haven  and  Hartford 
Railroa<l  bridge  at  Wimlsor  Lf)cks 61. 750 

Top  of  northeast  comer  of  north  end  of  cappin*^  to  east  wall  of  brick  arch 
bridge,  over  second  road  south  of  Thcmipsouville  station,  on  New  York,  New 
Haven  and  Hartfonl  Railroad,  being  about  300  feet  south  of  the  southwest 
comer  of  said  station 7G.  665 

Southwest  corner  of  stone  in  top  course  of  west  wall  of  the  second  culvert 
north  of  Thompsonville  station,  and  tirst  south  of  Longmeadow  station     .      56.40« 

Top  of  black  brick  in  the  middle  of  the  top  of  south  arch  of  culvert  under 
road  from  the  village  to  Lougmea<low  station,  about  150  feet  east  of  rail- 
road track 55. 03 

Apex  of  cap-stone  to  third  post  in  wall  north  granite  ]K)st  marking  bound- 
ary between  Springfield  and  Longmeadow,  at  Pecowsic 68. 1 C 

Top  of  southwest  comer  of  stone  in  top  course  of  brick  arch  bridge  on  west 
side  of  railroad,  marked  with  two  cuts  and  also  a  $4  .  First  bridge  north 
of  Pecowsic 63. 

Southeast  corner  of  top  stone  in  upper  course  of  east  wall  of  culvert  at  the 
fimt  of  Elm  street  in  Springfield,  about  15  feet  northwest  of  Gas  Company's 
building 61. 7" 

Northwest  comer  of  stone  underpinning  of  south  side  of  south  door  in  west 
end  of  passenger  station  in  Si>ringfield,  Mass  71. 

Southeast  comer  of  south  end  of  top  course  of  stone  in  culvert,  under  railroad, 
first  north  of  Hampden  Park,  and  about  400  feet  south  of  first  mile-stone  on 
east  side  of  Connecticut  River  Railroad 60.^- 

Northeast  corner  of  top  st^one  of  south  wall  of  first  culvert  north  of  first  cross- 
road, north  of  second  mile-stone  from  Springfield,  on  east  side  of  Connecti- 
cut River  Railroml 67.  L  - 

North  corner  of  fourth  mile-stone  from  Springfield,  on  Connecticut  River  Rail- 
roa<l 67. 1 

North  comer  of  sixth  mile-stone  from  Springfield,  on  Connecticut  River  Rail- 
roiwl 70. 

Southwest  comer  of  south  abutment  of  Connecticut  River  Railroad  bridge  at 
Willimansett,  Mass.     Stone  is  in  foot-bridge 78. 1^ 

Point  marked  with  white  paint  and  '*110"  on  southeast  corner  of  foundation 
to  south  side  of  pump-house,  near  Holyoke  dam,  at  the  head  of  a  flight  of 
stone  steps '. «. 107.97^ 

Table  of  high-water  mark$. 

Low  water  at  Hartford   .0^ 

1854— High  water  at  Hartford 29.8: 

1854 — High-water  mark,  an  iron  pin  in  north  side  of  maple  tree  about  600  feet 

west  of  main  road,  near  S.  B.  Newburry's  house.  South  Windsor 21.  OC 

1854 — High- water  mark  by  Mrs.  Craw,  in  house  now  owned  by  Mrs.  Ellen 

Blodgett,  near  BisscU's  ferry.  South  Windsor 32.5^ 

1854 — High-water  mark  at  foot  of  canal,  Windsor  Locks 32. 8a 

1854— High- water  mark  by  Mr.  Seymour  King,  on  sill  of  front  door  of  his 

house,  Windsor  Locks 33.31 

1854 — High-water  mark  made  by  Mr.  Levi  Palmer  in  his  bam,  at  Warehouse 

Point 32.72 


32. 06 

32.88 
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Feet 
High-water  mark  made  bv  Mr.  Levi  Palmer  in  his  baru,  at  Warehouse 

Point 33.18 

fligh-water  mark  made  by  Mr.  Levi  Palmer  in  bin  woodshed,  at  Wai*e- 

house  Point 32.82 

Iigh-wat<T  mark  made  bv  Mr.  Hay  den  at  the  silk-factory,  Windsor 

LcMks 32.71 

ligh- water  mark  at  same  place 32. 62 

ligh-water  mark  at  same  place I^.  96 

ligh- water  mark  at  same  place 32.87 

f i};h-water  mark  at  same  place . : 31. 62 

ligh-water  mark  at  same  place 31. 66 

ligh- water  mark  on  shed,  bv  Mrs.  Conroy,  Whnlsor  Locks 31. 42 

ligh-water  mark  sliown  by  Mrs.  George  Miller,  on  step  of  house,  Ware- 

hou.se  Point 32.38 

ligh-water  mark  on  outbuilding,  by  George  Gleason,  Warehouse  Point  . 

ligh-water  mark  shown  by  J.  hcha»nan8grul»er,  Warehouse  Point 

ligh-water  mark  by  Mr.  Douglass,  on  house  south  of  feiTy-slip,  Wind- 
sor Locks 30. 55 

ligh-water  mark  in  bar-room  of  American  House,  Warehouse  Point.. .      32. 92 

ligh-water  mark  shown  by  Mrs.  Finkeldey,  Warehouse  Point 31. 12 

ligh-water  mark  shown  by  Mrs.  Finkeldey,  Warehouse  Point 30. 84 

iligh-water  mark   by  Mr.  Sext^m,  on  seventh  luer  of  railroad-bridge. 

Wan  house  Point 32.12 

High-water  mark  on  stone  near  Mr.  Fowler's  house,  Windsor  Locks 2. 

S>7 — High- water  marks  by  Mr.  Hemingway,  on  Powder  Company's 
building,  Enfield.     It  is  supposed  the  shed  has  settled  about  one  inch, 

so  as  to  make  the  two  marks  agree 41.  45 

High- water  mark  shown  by  Mr.  Sullivan,  on  gat©  of  north  lock  of  canal, 

Sheffield 49.41 

High-water  mark  show^n  by  George  Douglass,  on  upper  one  of  four  spikes 
on  south  side  of  elm  tree,  on  south  bank  of  first  brook  south  of  Thomp- 
son ville  Ferry,  on  west  bank  of  Connecticut  River   54. 16 

■High-water  mark,  top  of  third  brick  from  north  end  in  top  course  on  the 
west  side  of  brick  culvert  over  brook  from  factories  in  Thomiisonville, 
between  the  brick-arched  bridges  over  roads  just  south  of  Tnompson- 

yille  station 55. 61 

-High-water  mark  on  northeast  comer  of  top  brownstone  post,  comer  of 
York  and  South  Main  streets,  Springfield,  on  line  with  York-street 
fence  of  Mr.  Call's  estate,  and  about  3  feet  from  iron  lami)-post  on  said 
comer.  The  post  is  now  6  inches  under  ground  at  edge  of  brick  side- 
walk          59.69 

-Hi j(h- water  mark  on  the  horizontal  line  of  a  cross-cut  in  the  south  side 
of  top  stone  on  the  southwest  comer  of  old  ejist  abutment  of  carriage 

bridge,  Springfield,  marked  on  next  stone  east  **  1854  flood" 59. 91 

■High-water  mark  on  top  of  east  end  of  back  board  to  top  step  to  base- 
ment, at  the  north  en<l  of  P.  Harrington's  house,  at  the  foot  of  Union 
*trer»t,    south  side,  between   the   railroad   and   Connecticut   River, 

Springfield 60.52 

•High- water  mark  with  red  paint,  on  northwest  corner  of  easterly  abut- 
ment of  railroad-bridge,  Springfield 60. 36 

High-water  mark  same  place  as  aliove 58. 75 

High-water  mark  on  merestone  on  west  side  of  Main  street,  at  northeast 

comer  of  fence  north  of  Mr.  Sike's  house,  West  Springfield 61. 29 

High-water  mark  on  right  outer  comer  of  door-sill  on  the  west  side  of 

Mrs.  li«»e  Ws  house,  on  east  side  of  Main  street.  West  Si)ringfield 61.  39 

High-water  mark  on  centre  of  front  edge  of  top  step  of  Dr.  H.  C.  Bel- 

(len's  house,  West  Springfield ..       63.10 

High- water  mark  on  stone  at  foot  of  Westfield  street.  West  Springfield.      63. 21 

High-water  mark  on  stone  mentioned  above 61. 50 

High-water  mark  on  stone  mentioned  above 62. 04 

Higli-water  mark  on  south  side  of  sycamore  tree  at  south  end  of  shed, 

north  of  Rivenlale  Mill,  West  Springfield  63. 88 

High-water  mark  on  nail  in  south  side  of  brick  foundation  of  R.  A. 
Bagg's  house,  1,000  feet  south  of  cross-roads,  on  east  side  of  Main  street, 

W«-at  Springfield 62.96 

Sigh-water  mark  on  centre  of  white-paint  mark  on  south  side  of  first 

pier  on  east  side  of  Cabot  bridge,  Chicopee 62.99 

ligh-water  mark  same  place  as  above 63.28 

ligh-water  mark  on  northwest  comer  of  brick  foundation  at  Ames's 
Works,  Chicopee 6^.4^ 
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1854 — Hijfh- water  mark  14  inches  above  floor  of  room  in  house,  formerly  a 
saw-mill,  acljoinine:  grist-mill  of  R.  Brock  on  south  end.  The  second 
building  from  Williinans«»tt  station  on  east  side  of  road  fi^m  station 
to  S<mth  Hadley  Falls,  shown  by  R.  BnK*k,  who  has  lived  here  forty- 
two  years 

1869 — High- water  mark,  upper  notch  of  two  notches  cut  in  comer  of  board 
partition  of  oflfice,  in  northeast  comer  of  Brierly  &  Allen^s  Brewery, 
the  third  building  on  east  side  of  road  from  Willimansett  station  on 
roa<l  to  South  Ha<lley  Falls • 

1868 — High-water  mark  is  the  lower  of  the  alitove-mentioned  notches < 

1862 — High-water  mark  painted  black  on  northwest  comer  of  brick  store- 
house next  west  of  gasometer  l>elonging  to  the  Glascow  Thread  Com- 
pany, and  shown  by  B.  Hadley,  who  marked  it ;  he  says  the  high 
water  of  1854  was  18*  inches  below  that  of  1862.  Mr.  Gaylord,  of  South 
Hadley  Falls,  says  the  same 

1862 — High-water  mark  inside  of  gate-house  of  Holyoke  Dam,  top  of  second 
casting  from  end  of  house  nearest  end  of  dam  supporting  gearing  for 
raising  first  gate,  shown  by  M.  CDonald,  employed  by  the  Holyoke 
Water-Power  Company  in  1862 1 

List  of  maps,  drawings^  ^c.,*  accompanying  the  report. 

1.  Map  of  the  Connecticut  River  from  Hartford  to  Holyoke  in  six  sheets. 

2.  Diagram  of  borings  in  the  bed  of  the  river. 

3.  Profile  of  the  Connecticut  River  from  Hartford  to  Holyoke,  showing  high 
low  water. 

4.  Diagram  showing  the  cross-sections  of  the  river  at  Thompsonville. 

5.  Three  sheets  of  drawing  of  appanitus  used  in  gauging. 

6.  Three  sheets  of  plotted  current-velocities  taken  at  Thompsonville. 

7.  Diagram  of  mean  vertical  curves  of  current-velocities  at  Thompson>ilIe. 

8.  Diagram  showing  the  height  of  river  at  Hartford  from  February  1  to  Dece 
31,  1871. 

9.  Diagram  showing  the  height  of  river  at  Hartford  fix)m  January  1  to  Dece 
31,  1872. 

10.  Diagram  showing  the  height  of  river  at  Hartford  from  January  1  to  Dece 
31,  1873. 

11.  Diagram  showing  the  height  of  river  at  Hartford  from  January  1  to  Dece 
31,  1874. 

12.  Tracing  for  the  purpose  of  placing  the  lines  of  gauging  at  Thompsonville 
the  ma])  transmitted  with  the" first  part  of  this  report. 

13.  Tliree  field-books  are  also  transmitted,  containing  the  notes  of  the  levels,  m 
ings,  current-observations,  and  heights  of  water,  taken  at  Thompsonville  in  1874 

14.  Diagram  showing  curve  formed  by  using  the  computed  volumes  at  Thorn 
ville  as  abscissas  and  the  height  of  the  water  as  ordinates. 

15.  Diagram  showing  two  curves,  both  having  the  dates  as  abscissas,  with  th< 
imies  as  the  co-ordinates  of  one  curx'e,  and  height  of  the  river  as  the  ordinate  o 
other. 

DESCRIPTION  OF  FIGURES  IX  DIAGRAM  OF  VERTICAL  CURVES  OF  CURRENT-VELOC 

AT  THOMPSONVILLE,  CONN. 

Means  obtained  by  computation. 

Fig.  1.  Mean  of  meter-observ^ations  below  average  velwity  of  1.86. 

Fig.  2.  Mean  of  float-observations  below  average  velocity  of  1.86. 

Fig.  3.  Mean  of  all  observations  below  average  velocity  of  1.8(i. 

Fig.  4.  Mean  of  meter-observations  above  average  velocity  of  1.86. 

Fig.  5.  Mean  of  float-observations  above  average  velocity  of  1.86. 

Fig.  6.  Mean  of  all  observations  above  average  velocity  of  1.86. 

Fig.  7.  Mean  of  all  meter-observations. 

Fig.  8.  Mean  of  all  float-observations. 

Fig.  9.  Mean  of  all  meter  and  float  observations. 

Fig.  10  is  Fig.  1  reduced  to  average  velocity  1. 

Fig.  11  is  Fig.  2  reduced  to  average  velocity  1. 

Fig.  12  is  Fig.  3  reduced  to  average  velocity  1. 

Fig.  13  is  Fig.  4  reduced  to  average  velocity  1. 

Fig.  14  is  Fig.  5  reduced  to  average  velocity  1. 

Fig.  15  is  Fig.  6  reduced  to  average  velocity  1. 

Fig.  16  is  Fig.  7  reduced  to  average  velocity  1. 

Fig.  17  is  Fig.  8  re<luced  to  average  velocity  1. 

Fig.  18  is  Fig.  9  reduced  to  average  velocity  1. 
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Means  obtained  by  graphic  methods, 

ri|f.  19.  Mean  curve  by  meter  No.  1  on  section  at  F,  mean  velocity  being  1. 
Fig.  20.  Mean  curve  by  meter  No.  1  on  section  at  G,  mean  velocity  being  1. 
Fig.  21.  Mean  ciir\'e  by  meter  No.  2  on  section  at  G,  mean  velocity  being  1. 
Fiir.  ^.  Mean  curve  by  meter  No.  1  on  section  at  B,  mean  velocity  being  1. 
F^.  23L  Mean  curve  by  meter  No.  1  on  section  at  C,  mean  velocity  being  1. 
Fi^.  24.  Grand  mean  of  meter-observations,  mean  velocity  being  1. 
Fijf.  25t  Mean  curve  by  floats  on  section  at  F,  mean  velocity  being  L 
Fig.  26.  Mean  curve  by  floats  on  section  at  G,  mean  velocity  being  1. 
fijf.  27.  Grand  mean  of  float-observations,  mean  velocity  being  1. 
All  of  which  in  respectfully  submittecL 

Theo.  G.  Ellis, 

Civil  Engineer, 
Gen.  G.  K.  Warrex, 

Major  of  Engineers^  V,  S.  A, 

The  uiaps  and  drawings  submitted  with  the  foregoing  rexK)rt  are  mostly  upon  a  large 
sale,  nn8uitable  for  printing.  They  have  lieen,  therefore,  somewhat  modified  and 
rfilacwl  in  size,  to  enable  them  to  be  shown  in  the  accompanying  plates. 

Of  the  mafts  and  diagrams  named  in  the  foregoing  list — 

No.  1  is  reduced  to  about  one-third  of  the  origin  alscale,  and  the  six  sheeta  are  shown 
in  plates  NoH.  I,  II,  and  III. 

No.  2,  reilnced  in  size,  is  shown  in  Plate  IV. 

Xo.  3,  reduced  in  scale,  is  shown  in  Plate  V. 

N».  4,  reduced  in  scale,  is  shown  in  Plate  VI. 

No.  5  is  shown  in  Plat^  VII. 

No.  6  i8  omitted  from  the  plates,  as  the  ordi nates  of  the  current  velocities  are  given 
in  the  tables,  and  can  Ije  easily  plotted  if  desired. 

No.  7  is  shown  in  Plate  VI. 

No.  8  is  shown  to  a  reduced  scale  in  Plate  VIIL 

No.  9  is  shown  to  a  reduced  scale  in  Plate  IX. 

No.  10  is  shown  to  a  reduced  scale  in  Plate  X. 

No.  11  is  shown  to  a  re<luced  scale  in  Plate  XI. 

No.  12  is  placed  upon  the  general  map.  Plates  I,  II,  and  III. 

No.  13.  These  Imoks  are  too  voluminous  to  be  reproduced. 

No.  14  is  shown  in  Plate  XIII. 

No.  15  is  shown  in  Plate  XIII. 

The  description  given  for  the  diagram  of  vertical  curves  of  current  velocities  at 
Tl»mp8ou\ille  applies  to  the  figures  in  Plate  VI. 

ADDITIONAL  TABLES  OF  HEIGHT  AND  DISCHARGE. 

The  observations  of  the  height  of  the  river  have  been  continued  during  the  year 
aiH«  the  foregoing  report  was  made,  and  the  following  supplementary  tables  have 
been  prepared,  bringing  the  reconl  of  the  discharge  of  the  river  up  to  January  1,  1876. 
During  the  years  \^\  to  1874,  inclusive,  the  height  of  the  water  was  taken  daily  by 
aw^ns  of  a  gauge  at  the  toll-bridge  from  Hartford  to  East  Hartford.    The  bridge  com- 
pany's gauge  was  upon  the  toll-house,  and  extender!  from  11  to  30  feet  in  height.    The 
»To  of  this  gange,  or  12  feet  below  the  12-foot  mark,  was  taken  as  low-water  and  the 
l«se  for  the  levels.     A  gauge  from  0  to  12  feet  was  placed  upon  the  first  pier,  opposite 
Jhe  bridge-gauge,  and  all  neights  below  12  feet  were  read  nyton  it.     Sometimes  in 
tinter  it  would  be  incased  in  ice,  and,  being  in  an  exposed  position,  it  was  several 
tinies  carried  away  by  floating  ice,  but  was  carefully  replaced  at  the  same  level.     At 
wfh  times  the  rea<lings  below  11  feet  were  taken  by  a  gauge  upon  a  pile  at  the  steam- 
bi»at-dock  near  the  foot  of  State  street,  which  was  compared  by  levels  with  the  toll- 
teiilgp  gauge. 
These  levels  were  as  follows  : 

Eleven-foot  mark  on  gauge  on  pile  at  steamboat-dock — 

By  >Cr.  Gelette,  in  April,  1871 11. 191 

By  Mr.  Buniett,  in  March,  1874 11.205 

By  Mr.  Curtis,  in  Decern l»er,  1874 11.194 

The  distance  Ijetween  the  two  gauges  is  about  1,750  feet. 

At  the  beginning  of  the  year  1875  the  gauge  upon  the  pier  was  covered  with  ice,  and 
in  the  simng  it  was  carried  away,  so  that  the  readings  below  11  feet  were  taken  at 
the  !«teauilKnit-dock  gauge  up  to  August  10.  The  gauge  upon  the  toll-house  belonging 
to  the  bridge  company  having  been  taken  down,  painted,  cut  in  two,  and  replaced  in 
a  lightly  different  position,  it  was  detennine<l  to  set  a  new  ^auge  at  the  steamboat- 
4pck  corresponding  to  the  exact  zero  of  the  previous  obsc^rvations.  This  was  done  on 
An^i*t  10,  a  new  gauge,  consisting  of  three  10-foot  lengths,  being  set  up  in  the  fol- 
fe'ring  manner :  The  first  10  feet  was  placed  uix)n  a  pile  at  the  noi*th  end  of  the  stcam- 
^t-wharf,  in  a  sheltered  position  where  the  next  wharf  above  projects,  so  that  the 
page  faces  downstream.    The  second  10  feet  wa«  placed  upon  a  taU  clump  ol  pWea 
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east  of  the  steamboat  store-house^  and  the  upper  10  feet  was  spiked  to  the  north  g 
of  the  store-house  itself. 

Tlie  height  of  these*  gauges  and  the  former  one  at  the  hridpje  is  referred  to  the  i 
lowinjfj  iHMich-marks,  so  that  either  eouhl  he  readilv  replaced  at  tlie  same  heijrht: 

Top  of  an  iron  eyeholt  let  into  the  masonry  of  the  northeast  comer  pier  of 
steamboat  store-house  ;  height  above  zero,  14.150  feet. 

Southeast  corner  of  stone  door-sill  <m  south  side  of  soap-factorj'  building,  No 
Morgan  street ;  height  above  zero,  26.555  feet. 

Since  August  10  tlie  readings  have  all  been  taken  upon  the  new  gauge  at  the  8t4 
boat-wharff 

Table  showing  the  daihi  discharge  and  height  of  the  Connecticut  River  at  Hartford 

January  1  to  pectsniber  31,  1875. 


Dat4*. 

HriRht, 

MilUonsof 

■ 
Date. 

Height, 

Millions  of 

Date. 

Hei^t. 

MiUi 

feet. 

cable  feet. 

feet. 

cubic  feet. 

feet.        cubi« 

1 

1875. 

t 

1       1875. 

1875. 

i 

Jan.         1 

2.01 

562 

Mar.      1 

7.99 

2,300 

May       1 

10.91 

2 

2.07 

569 

2 

7.  59 

2,129 

2 

10.80 

3 

1.74 

542 

3 

6.77 

1,824 

3 

12.20 

4 

2.07 

569 

4 

6.  52 

1,728 

4 

13.42 

5 

2.53 

649 

5 

6.72 

1,447 

5 

12.57  1 

6 

2.05 

567 

6 

6.50 

1,374 

6 

11.22 

7 

2.13 

575 

7 

6.08 

1,588 

7 

10.82 

8 

2.29 

608 

8 

5.23 

1,284 

8 

*  12.96 

9 

2.24 

602 

9 

5.00 

1, 218 

9 

13.21 

10 

1.23 

495 

10 

4.80 

1,160 

10 

12.52 

11 

L23 

495 

11 

4.80 

1,160 

11 

13.11 

12 

1.  35 

507 

12 

4.44 

1,058 

12 

13.87  1 

13 

1.87 

549 

1                13 

4.49 

1, 070 

13 

14.01 

14 

2.  02 

563 

14 

4.55 

1,085 

14 

14.21 

15 

1.17 

489 

15 

4.62 

1,103 

15 

14.23 

16 

1.34 

502 

Ifl 

5.63 

1,417 

16 

13.78 

17 

1.41 

510 

17 

7.28 

2,(»03 

17 

13.24 

18 

1.84 

551 

18 

8.21 

2,392 

18 

12.19 

19 

2.16 

690 

19 

8.39 

2,465 

19 

11.08 

20 

2.09 

579 

20 

7.94 

2,280 

20 

9.90 

21 

1.89 

557 

21 

7.21 

1,975 

21 

9.08 

22 

1.88 

554 

22 

6.52 

1,723 

22 

8.74 

23 

1.79 

547 

23 

6.92 

1.508 

23 

8.88 

24 

L8H 

554 

24 

5.  52 

1,377 

24 

8.74 

25 

2.01 

562 

25 

5.20 

1, 476 

25 

a46 

26 

1.84 

551 

26 

4.74 

1,138 

26 

a  51 

27 

1.24 

496 

27 

4.73 

1,136 

27 

8.06 

28 

1.49 

516 

28 

4.96 

1,042 

28 

7.43 

29 

2.14 

580 

'               29 

5.  57 

1,388 

29 

7.06 

30 

L62 

530 

1                30 

6.46 

1,698 

30 

6.4^ 

31 

L98 
2.09 

559 

'               31 

1 

Apr.      1 

7.98 
10.03 

2,486 

31 

1 
June      1 

5.78 

17,  079 

49, 032 

1 

Feb.         1 

570 

3, 175 

5.30  1 

•> 

1.89 

549 

,                 2 

11.60 

3,874 

2 

4.91 

3 

2.19 

583 

'                 3 

13.77 

4, 926 

3 

4.61 

4 

3.:t8 

793 

1                  4 

15.47 

5,793 

4 

4.32 

5 

3.62 

850 

5 

18.00 

7, 315 

5 

4.  02  ! 

6 

3.48 

821 

6 

18.  ra 

7.771 

6 

3.71 

7 

3.66 

864 

7 

17. 42 

6,937 

7 

3.77 

8 

3.72 

870 

8 

16.04 

6,142 

8 

3.52 

9 

3.76 

874 

9 

14.61 

5,341 

9 

3.81 

10 

3.23 

772 

10 

12.99 

4,540 

10 

3.91 

11 

3.55 

834 

11 

13.  75 

4,899 

11 

4.05 

12 

4.03 

950 

12 

16.17 

6,  I8:i 

12 

3.95 

13 

3.74 

878 

13 

15.  89 

6,040 

13 

3.63 

14 

3.41 

806 

14 

13.97 

6,016 

14 

3.41 

15 

2.92 

712 

15 

12.15 

4,151 

15 

3.10 

16 

2.83 

702 

16 

12.08 

4,112 

16 

2.99 

17 

2.66 

662 

17 

15.73 

6,013 

17 

2.93 

18 

2.41 

623 

18 

18.27 

7,497 

18 

3.41 

19 

2.41 

623 

\               18 

17.46 

6,960 

19 

3.26 

20 

2.74 

678 

20 

15.08 

6,562 

20 

a50 

21 

2.46 

629 

21 

12.07 

4.110 

21 

7.91 

22 

2.42 

624 

22 

10.24 

3,300 

22 

a  71 

23 

2.48 

631 

23 

9.03 

2,719 

23 

a66 

24 

3.31 

779 

24 

8.63 

2,579 

24 

7.71 

25 

6.13 

1,584 

25 

ft  56 

2,958 

25 

a40 

26 

8.  45 

2,498 

26 

10.69 

4,472 

26 

5.06 

27 

9.01 

2,714 

27 

11.25 

3,730 

27 

4.63 

28 

&62 

2,550 

28 

11.13 

3,685 

28 

4.28 

29 

11.05 

3,654 

29 

4.16 

30 

10.95 

3,595 

30 

4.14 

27,023 

146, 049 

r 
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f  tkovring  dailif  dUcharge  and  height  of  Connecticut 'Siver  during  1875,  cf-r. — Continued. 


1 

Heicht,    ! 

Millions  of 

Dato. 

1 

Height, 

Millions  of 

Date. 

Height, 

MiUions  of 

feet-      ; 

cubic  feet. 

feet. 

cubic  ft>et. 

feet. 

cubic  feet. 

.g7i        ! 

'       1875. 

1 

1875. 

'         ^    1 

3,92 

884 

Sept      1 

2.42 

624 

Nov.      1 

7.56 

2;  124 

2   ' 

3.52 

83:]  1 

2 

2.42 

624 

2 

8.43 

2,497 

3    1 

3.48 

821 

3 

2.36 

616 

3 

7.  95 

2,296 

4    , 

3.34 

773 

4 

2.44 

626 

4 

6.  95 

1.875 

5   ' 

3.05 

740 

5 

2.01 

562 

5 

5.92 

1,525 

6 

3.16 

756  1 

6 

1.  95 

556 

6 

5.22 

1,286 

•• 

i 

3.71 

869 

7 

1.62 

530 

7 

4.59 

1,091 

8    ' 

4.33 

1,025  1 

1                  8 

1.40 

507 

8 

4.10 

964 

9 

3.80 

882 

9 

1.20 

492 

9 

4.05 

954 

10 

4.00 

947 

i                 10 

1.31 

500 

10 

4.08 

960 

11 

3.89 

918 

11 

1.55 

522 

11 

4.94 

1,198 

12 

3.54 

830  { 

i                 1^ 

1.87 

540 

12 

5.75 

1,455 

13  ; 

3.51 

830  1 

13 

1.78 

545 

13 

5.  69 

1,432 

14 

3.48 

821 

14 

1.80 

547 

14 

5.41 

1.344 

15   1 

3.23 

772 

15 

1.92 

556 

15 

5.32 

1,311 

1< 

3.06 

742 

16 

2.'M 

618 

16 

5.50 

1,370 

17   1 

3.d4 

925 

17 

2.43 

626 

17 

5.40 

1,  335 

18 

2.82 

686  ; 

18 

2.  56 

6,V2 

18 

5.  45 

1,  359 

19  i 

2.49 

632  1 

10 

2.84 

688  ■ 

19 

5.22 

1,288 

20  , 

2.07 

569 

20 

2.91 

706 

20 

4.90 

1,181 

21 

2.21 

o09 

21 

2.56 

651 

21 

4.  51 

1.066 

22  1 

2.79 

682 

1                '^- 

1.98 

559 

22 

4.  22 

1,001 

5 

2.87 

692 

23 

1.90 

552 

23 

4.18 

991 

24  1 

2.62 

658 

24 

1.96 

5.57 

24 

3.  8:{ 

892 

25 

2.43 

625 

25 

2.01 

562 

25 

3.94 

925 

28 

2.14 

576 

26 

2.03 

563 

>         26 

4.11 

970 

27 

L98 

550  ' 

27 

1.96 

557 

27 

4.67 

1,120 

»  1 

2.03 

564 

28 

2.03 

563 

28 

6.86 

l,a38 

2»  , 

2.13 

575 

29 

2.29 

609 

29 

7.39 

2.050 

30 

2.20 

598 

30 

2.54 

649 

30 

5.38 

1.324 

31 

2.21 
2.03 

D99 

Oct.        1 

2.32 

1 

Dec.       1 

7. 15 

22,991 

17,468  ' 

41, 022 

^     1 

564 

612 

1,971 

2 

2.09 

571 

2 

2.22 

600 

2 

7.  03 

1,922 

3 

2.34 

614 

3 

2.63 

659 

3 

6.97 

1.885 

4 

2.59 

655 

4 

3.73 

871 

4 

a  58 

1,748 

5 

3.28 

777 

6 

4.03 

950 

5 

6.45 

1.687 

«  ' 

4.20 

985 

6 

3.80 

882 

6 

a:j3 

1,671 

m 
t 

4.34 

1,026 

7 

3.74 

872 

7 

6.20 

1,610 

8 

4.08 

960 

1                 B 

3.18 

751 

8 

a  15 

1,586 

9 

3.45 

812 

9 

3.47 

810 

9 

5.97 

1,  526 

10 

3.24 

762 

10 

3.90 

920 

10 

5.58 

1,390 

11 

2.95 

717  ' 

11 

4.37 

1.040 

11 

5.  2:j 

1,281 

12 

4.63 

1,109 

12 

4.39 

1.042 

12 

5.07 

1,236 

13 

6.83 

1.830 

13 

4.26 

1,012 

13 

5.67 

1,425 

'♦  1 

5.87 

1,495 

14 

•      4.00 

933 

14 

4.39 

1,042 

15  ' 

5.39 

1,339 

15 

4.17 

977 

15 

3.78 

881 

16 

4.84 

1,162 

16 

4.17 

977 

16 

4.  20 

988 

17 

4.28 

1,014 

17 

3.82 

884 

17 

4.  20 

988 

18 

4.47 

1,068 

18 

4.05 

954 

18 

3.15 

750 

19  1 

7.78 

2, 219 

19 

4.20 

988 

19 

3.08 

742 

20 

8.06 

2,323 

20 

4.17 

981 

20 

3.27 

769 

21  1 

&84 

1,831 

21 

3.96 

924  1 

21 

3.28 

770 

22 

5.58 

1,394 

22 

3.72 

870 

22 

3.30 

774 

23 

4.44 

1,058  1 

;               23 

3.33 

780  I 

23 

3.  75 

878 

24 

3.T> 

874  ' 

'               24 

3.27 

771 

24 

4.85 

1,170 

25 

3.20 

760  1 

25 

3.32 

782 

25 

a  05 

1,570 

» 

2.85 

704  ' 

26 

3.67 

865 

26 

a  70 

1,799 

27 

2.76 

681  i 

27 

3.28 

772 

27 

a  70 

1,799 

» 

2.88 

708 

28 

a62 

856 

28 

a  72 

1,801 

29 

1         1 58 

654 

29 

3.76 

880 

29 

7.40 

2,060 

» 

2.54 

650 

30 

4.42 

1.  050 

30 

7.36 

2,044 

31 

1         2.59 

1 

655  1 

31 

1 

4.69 

1.122 

31 

a  81 

1,820 

31,971 

1 

27,387 

43,583 

Totals  for  the  months  and  year. 


Cubic  feet. 


1875. 


Cubic  feet. 


17,  079,  000, 000 
27, 023, 000,  000 
49,  032,  000, 000 
146,  049,  000,  000 
111,437,000,000 
35,  607, 000, 000 
22, 991, 000,  000 


August 1  31, 971.  000,  000 

SepU'raber i  17.  468,  000.  000 

CK-tober !  27,  387.  000,  000 

NovemlKT ;  41,  022,  000,  000 

December '  4.3,  583,  000,  000 

Totftl I  570, 649, 000,  W» 
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Table  shoicing  the  numher  of  days  in  1875  that  ih^  average  far  the  dap  at  Hartford  irfl«afc 

a  given  height. 


Height. 

1 
No.  of 
days. 

i 

Height. 

1 
No.  of 
days. 

30 

Height 

No.  of 
idays. 

Height, 

N'oi 
day 

JANUARY. 

■ 
2  feet  and  over. . 

12  feet  and  over. . 

1      14 

SRl^lKMBER. 

3  feet  and  over.  - 

30 

13  feet  and  over. . 

1        » 

1  foot  and  over  . . 

31 

4  feet  and  over. . 

30 ; 

14  feet  and  over. . 

3 

1  foot  and  over. . 

1 
i 

2  feet  and  over  . . 

13 

1 

5  feet  and  over. . 

6  feet  and  over. . 

30  I 
30 

JUXB. 

2  feet  and  over.. 

FEBRUARY. 

1  foot  and  over  - . 

28  i 

7  feet  and  over.. 

8  feet  and  over. . 

9  feet  and  over.. 

30 
30 
29 

1  foot  and  over.. 

2  feet  and  over. . 

3  feet  and  over.. 

4  feet  and  over. . 

5  feet  and  over.. 

6  feet  and  over.. 

7  feet  and  over. . 

8  feet  and  ovei . . 

JULY. 

1  foot  and  over. . 

2  feet  and  over. . 

3  feet  and  over. . 

4  feet  and  over. . 

30 

30 

28 

17 

7 

5 

3 

2 

31 

30 

17 

2 

OCTOBER. 

1  foot  and  over. . 

\ 

2  feet  and  over  . . 

27 

10  feet  and  over. . 

27 

2  feet  and  over. . 

J 

3  feet  and  over  . . 

16 

11  feet  imd  over. . 

23 

3  feet  and  over. . 

1 

4  feet  and  over  . . 

5  feet  and  over  . . 

5  1 
4 

12  feet  and  over.. 

13  feet  and  over. . 

19 
15 

4  feet  and  over.. 

] 

6  feet  and  over  . . 

4 

14  feet  and  over. . 

12 

NOVEMBER. 

7  feet  and  over  . . 

8  feet  and  over  . . 

9  feet  and  over  . . 

MARCH. 

1  foot  and  over  . . 

2  feet  and  over  . . 

3 

31 
31 

15  feet  and  over. . 

16  feet  and  over. . 

17  feet  and  over. . 

18  feet  and  over. . 

MAY. 

1  foot  and  over. . 

11  1 
7 
5 
3 

31 

1  foot  and  over. . 

2  ftHit  and  over.. 

3  feet  and  over. . 

4  feet  and  over. . 

5  feet  and  over. . 

6  feet  and  over. . 

7  feet  and  over. . 

8  feet  and  over. . 

a 
a 
a 

i 

1 

3  feet  and  over  . . 

31 

2  feet  and  over.. 

31 

AUGUST. 

4  fwt  and  over  . . 

31 

3  feet  and  over. . 

31 

DECEMBER. 

5  feet  and  over  . . 

22 

4  feet  and  over. . 

31 

1  foot  and  over. . 

31 

6  feet  and  over  . . 

13 

5  feet  and  over. . 

31  , 

2  feet  and  over. . 

31 

1  foot  and  over. . 

3 

7  feet  and  over  . . 

8 

6  feet  and  over. . 

30 

3  feet  and  over.. 

20 

2  feet  and  over. . 

S 

8  feet  and  over  . . 

2 

7  feet  and  over.. 

29 

4  feet  and  over. . 

15 

3  feet  and  over. . 

s 

1 

5  feet  and  over.. 

27 

5  feet  and  over. . 

7 

!    4  f«H>t  and  over. . 

2 

APRIL. 

9  feet  and  over. . 

21  : 

6  feet  and  over. . 

4 

5  feet  and  over. . 

2 

10  feet  and  over. . 

19 

7  feet  and  over. . 

2 

6  feet  and  over. . 

1 

1  foot  and  over  . . 

30  1 

11  feet  and  over. . 

16 

8  feet  and  over. . 

1 

7  feet  and  over. . 

Totals  for  tJie  ye-arfrom  January  1  to  De^xmher  31,  1875. 


Total  for  twelve  months. 


Height. 


1  foot  and  over  . . 

2  feet  and  over  . . 

3  feet  and  over  . . 

4  feet  and  over  . . 

5  feet  and  over  . . 


No.  of 
days. 


305 
331 
261 
198 
138 


Total  for  twelve  mouths. 


Height. 


6  feet  and  over. 

7  feet  and  over. 

8  feet  and  over. 

9  feet  and  over. 
10  feet  and  over. 


No.  of 
days. 


107 
83 
66 
51 
46 


Total  for  twelve  months- 


Height 


11  feet  and  over. 

12  feet  and  over. 

13  feet  and  over. 

14  feet  and  over. 


No.  of 
days. 


39 
33 
24 
15 


Total  for  twelve  months 


Height. 


15  feet  and  over. 

16  feet  and  over. 

17  feet  and  over. 

18  feet  and  over. 


TIDES  AT  HARTFOltD. 

In  coiinectiou  with  the  observations  of  the  height  of  the  river  by  the  gauge  at  Vi-  * 
ford,  a  continuous  reading  for  some  montlis  was  made  with  a  self-registering  tide-g»^* 
during  the  sunnuer  of  1874,  for  the  purpose  of  obtaining  the  laws  of  the  tide«  at 
place  during  the  season  of  lowest  water. 

This  gauge  wa«  set  up  at  the  freight-house  of  the  Hartford,  New  Haven  and  Sp^** 
field  Railroad,  and  remained  there  during  the  low-water  from  June  to  NovemheK:"  - 
selection  of  two  full  lunations  was  made,  from  August  27  to  October  25,  when  the  v*' 
was  low€»st,  for  the  ])urpose  of  detennining  the  extent  and  character  of  the  tides ; 
a  general  tide-table  has  been  computed  from  the  observed  fluctuations  which  will  ^m^-' 
to  the  river  at  its  lowest  stages. 

The  tides  at  Hartfonl  rapidly  disai)pear  as  the  river  rises,  although  they  are  ye^f^ 
tible  by  the  s<df-registering  apparatus  up  to  about  eight  feet.  To  ordinary'  oW-^ 
tion  they  disiippear  at  about  live  feet  above  lowest  water. 

In  the  summer  of  1872,  a  series  of  tide-observations  was  made  at  the  mouth  ol 
river,  with  a  self-registering  gauge,  from  which  the  laws  of  the  tides  at  that  point 
determined  with  great  accuracy.  They  furnish  the  means  of  comparing  the  tid« 
Saybrook  and  Hartford,  and  showing  their  difterence  of  height  and  rate  of  pro^re- 
the  river,  with  more  than  ordinarj'  exactness.  A  diagram  (Plate  XIV)  showing 
two  lunations  before  mentioned,  has  been  prepared  to  aecompany  this  report.     It  si 
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curves  of  the  tides ;  also  the  daily  time  of  the  moon^s  southing ;  the  time  of  the 
[>u's  chai]p:c8 ;  the  points  of  north,  south,  and  zero  declination ;  and  the  time  of 
ijff*i?  and  apogee ;  all  of  which  has  heen  carefully  computed  from  the  American 
hemeris  for  the  latitude  and  longitude  of  Hartford.  The  following  table  has  been 
pared,  showing  the  characteristics  of  the  tides  at  Hartford,  to  which  is  added  such 
itituhirs  relating  to  the  tides  at  the  mouth  of  the  river  as  will  assist  in  determining 
>  changes  in  the  tidal  wave  as  it  progresses  up  the  river. 

Tide-table  for  Hartford. 

Kftn  height  of  water  above  zero  of  gauge 2.265  ft. 

»n  height  of  high-water  above  zero  of  gauge 2. 717  ft. 

»a  height  of  low-wat-er  above  zero  of  gauge 1. 813  ft. 

ghest  water  during  the  observations 3.810  ft. 

west  water  during  the  observations 1.030  ft. 

ftD  rise  and  fall  of  tide 904  ft. 

ID  time  of  rise  of  tide 3^  51™ 

in  time  of  fall  of  tide 8*"  34«n 

m  Iuniti«lal  interval     15^  40™ 

lu  time  of  pai^sage  of  high-water  from  Say  brook  to  Hartford 5**  16" 

m  time  of  passage  of  low-water  from  Say  brook  to  Hartford 7^  42™ 

in  slope  of  river 00000867 

;anee  from  Hartford  to  Say  brook  Point AS\  miles. 

^ht  of  uie^in  level  at  Say  brook  Point 045  ft. 

n  rise  and  fall  of  tide  at  Saybrook  Point 3.490  ft. 

n  time  of  rise  of  tide  at  Savbrook  Point 6^  17™ 

a  time  of  fall  of  tide  at  Saybrook  Point 6^  08™ 

n  lunitidal  interval  at  Saybrook  Point 10^  25™ 

erence  in  time  between  Hartford  and  Saybrook O'*  01™ 

It  of  correctiofiSj  showing  the  number  of  mimitea  to  be  added  to  or  subtracted  from  the 
miMn  interral  of  15**  40™  to  obtain  the  true  interval  for  any  day  at  Hartford. 


mr  of  moon's 

Correction  in 

Notes. 

idian  pttssage. 

minutes. 

0 

+    3 

4-  Add  to  mean  interval. 

1 

—  10 

—  Subtract  from  mean  interval. 

—  20 

For  intermediates  between  the  hours,  take  proportional  parts. 
This  table  is  taken  from  the  actual  observations. 

3 

—  26 

4 

—  30 

5 

-  26 

6 

—  14 

7 

-  16 

8 

-  28 

9 

\-  30 

10 

-  24 

11 

-  14 

12 

h    3 

• 

will  be  observed  from  the  diagram  that  the  tides  are  more  regular  than  might  be 
wted  at  a  distance  of  about  49  miles  from  the  sound.  The  observations  were  taken 
he  most  favorable  season  of  the  year,  when  there  was  the  least  disturbance  from 
n  winds  and  sudden  fluctuations  in  the  river.  The  tidal  waves,  however,  reach 
■tfonl,  even  under  the  most  favorable  circumstances,  with  considerable  variaticm  in 
it  of  time  and  the  height  of  the  wave,  so  that  heretofore  very  little  has  been  known 
arding  their  laws. 

"he  quantities  given  in  the  foregoing  tide-table  were  obtained  in  the  following 
nner: 

"he  time  of  each  high  and  low  water  was  found  from  the  plotted  curve,  as  nearly  as 
Bible,  and  placed  in  a  table ;  the  differences  were  then  taken,  from  low  to  high  and 
n  high  to  low  water,  and  arranged  in  two  columns,  the  means  of  which  were  taken 
the  mean  time  of  rise  and  fall. 

5  these  are  the  means  of  114  tides  the  probable  error  is  very  small, 
table  was  then  made  of  the  times  of  the  moon's  passage  over  the  meridian  and 
ioie  of  the  subse^iuent  high-water  at  Hartford,  corresponding  to  the  first  high-water 

the  moon's  southing  at  Saybrook,  so  that  the  same  tide  should  be  taken  at  both 
8.  The  differences  of  these  tunes  were  taken  and  the  mean  for  the  two  complete 
ions  of  57  tides  was  taken  for  the  mean  lunitidal  interval. 
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The  table  of  correctionB  was  made  l>y  plotting  the  intervals  as  ordinnt<»s,  with  tl 
lionrs  of  the  day  as  abscissas,  and  drawing  the  most  i)rohable  curve  through  then 
The  time  occupied  in  the  transit  of  the  tidal  wave  froiu  Sayrbook  Point  to  Hartfor 
has  been  comi)uted  from  the  data  given  in  the  foregoing  table,  and  is  interesting,  aa'i 
gives  the  mean  time  with  consideral>le  exactness;  and,  if  a  survey  of  the  bed  of  th 
river  below  Hartford  is  made,  it  will  furnish  the  meams  of  testing  the  present  formula 
regarding  similar  waves  of  translation  in  natural  channels. 

RESISTANCE   OF   CORDS  AXD  FU)ATS. 

Some  considerable  interest  having  been  excited  in  the  question  of  the  resistance  o 
cords  and  Hoats  when  in  motion  through  water,  and  several  experiments  having  be« 
tried  during  the  progress  of  the  Ctuniecticut  River  surveys  uptm  the  apparatus  usee 
for  gauging  in  onler  to  know  what  were  the  a<rtual  resistjinces,  such  as  are  deemed  o 
sufficient  interest  have  been  added  to  this  report.  No  reliance*  was  i)laced  ujwn  merelj 
mathenuitical  deductions,  owing  to  the  insufficient  datu  existing  with  reganl  to  thi 
friction  and  resistance  of  cords  and  wires  when  moved  laterally  through  water  or  oth« 
fluids. 

Experiments  were  first  made  upon  the  longitudinal  tension  of  a  cord  place<l  in  th* 
current  and  allowed  to  sag  more  or  less  downstream,  with  a  view  to  computing  tht 
lateral  resistance  from  this  element;  but  direct  experiments  were  afterward  madj 
upon  the  force  acting  in  the  directicm  of  the  current.  The  first  experiments  were  madi 
on  July  20,  1874,  at  Hartford  between  the  west  abutment  and  the  first  ])ier  of  the  toll 
bridge.  The  cord  used  was  .036  of  an  inch  in  diameter,  of  hard-twisted  cotton,  andci 
unifonn  size.  This  was  stretched  across  from  the  pier  to  the  abutment,  a  distanced 
27.2  feet,  at  a  depth  of  6  inches  below  the  surfac^^.  One  end  was  made  fast  and  tl* 
other  passed  over  a  brass  pulley,  so  as  to  measure  the  tension  with  a  spring-balance 
Four  experiments  were  tried,  one  of  which  was  rejected,  from  an  evident  error  in  r* 
cording.     The  others  are  shown  in  the  following  table : 


^Number  of  exiieriment. 


1 
2 
3 


Diameter 
of  oonl. 


Inch. 
.036 
.0.36 
.036 


Velocity  of 
current. 


Grftat<>8t 
versed  sine. 


Anple  at 
west  end. 


Feet 
3.60 
3.50 
2.50 


Tenfflc 
on  cor 


o 

/ 

30 

45 

27 

30 

24 

00 

1:2 


The  velocity  of  the  current  was  measured  with  current-meter  No.  2,  l>eforedescri'*- 
at  6,  13,  and  19  feet  frcmi  the  west  bank,  giving  velocities  of  1.35,  1.56,  and  1.7(t  ^ 
per  second  at  these  i)oints.  The  experiiuents  were  continued  at  the  bridge  of  the  ^ 
mour  Paper  Comjiany,  in  Windsor  Locks,  on  July  31  and  August  1,  with  the  same  sJJ 
cord  and  with  a  larger  cord  of  .192  of  an  inch  diameter.  In  these  experiments 
ends  of  the  cords  were  supi)orted  by  stakes  9.75  feet  apart,  driven  into  the  bed  of" 
canal,  so  that  the  cun'ent  flowed  more  uniformly  and  unaftected  by  the  banks  l>et%^' 
the  ]>oints  of  su])port  than  was  the  case  in  the  fonuer  experiments.  The  conls  '^^ 
suspended  about  6  inches  below  the  surface,  and  one  end  was  passed  over  a  pullc?^ 
before.     The  results  of  these  experiments  are  shown  in  the  following  table : 


Number  of  ox- 

Diameter  of 

Velocity  of  cur- 

Greatest versed 

Angle  at  west 

Tensiott     * 

pcrinient. 

cord. 

rent. 

sine. 

end. 

cord. 

Inch. 

Foot  per  see. 

Feet. 

o       / 

Ounec-^" 

1 

.036 

.95 

.85 

15    10 

3 

2 

.036 

.95 

1.28 

30    20 

.      1 

3 

.036 

.95 

1.25 

28    30 

u 

4 

.036 

.95 

.69 

19    30 

2i 

5 

.036 

.86 

.24 

6    15 

8| 

6 

.036 

.86 

.50 

8    00 

4} 

7 

.036 

.86 

.75 

21    00 

2 

8 

.036 

.86 

LIO 

30    25 

1 

9 

.036 

.86 

2.21 

•    •               mm 

4 

10 

.192 

.93 

.61 

19    00 

11 

.192 

.93 

.70 

22    30 

8 

12 

.192 

.93 

.92 

29    00 

5 

13 

.192 

.93 

1.37 

36    40 

3| 

14 

.192 

.93 

1.97 

47    30 

2} 
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In  the  foregoing  experiments  the  veloeity  of  the  current  wa«  nieaHiired  with  cnr- 
nt-mt^ter  No.  2,  before  descrihed,  at  three  places  across  the  length  of  the  cord,  and 
ifc  mean  vehxMty  dednceil  therefrom.  The  nutter  wa«  place<l  at  the  same  distance 
elow  the  snrface  an  the  conl  and  as  nearly  as  practicable  under  the  same  conditions; 
be  measurement  by  the  meter  occupying  some  few  minutes,  wliile  the  pressure  up(m 
he  cord  was  taken  at  onc^  The  results  of  the  foregoini'  experiments  not  being  en- 
JTply  satiiifa<-tory,  further  experiments  were  made  upon  the  pressure  produced  hy  the 
iiitect  action  of  the  curr(?nt  upon  corch*  and  wires  of  ditterent  sizes  on  the  17th  aiul 
l^th  of  August,  at  Hartford. 

An  appanitus  for  holding  the  cord  and  measuring  the  pressure  upon  it  by  means  of 
t^^le-lieam  wa-s  constructed  as  follows:  A  frame  to  hold  the  cord  to  be  tested  was 
made  by  extending  two  stout  brass  wires  downward  from  a  horizontal  round  wooden 
axis,  and  braeing  them  so  its  to  withstand  the  tensi<m  of  the  cord  stretched  l)et ween 
tiieir  ends.  The  distance  between  these  arms  to  which  the  cord  was  attached  was  4 
fcei,  and  the  length  of  the  anus  was  25  inches. 

Tlds  fr&me  was  hung  to  a  beam  by  pivots  in  the  ends  of  the  horizontal  axis,  nesting 
in  hook-l»eariug8  so  as  to  be  easily  renu)ved  and  replaced,  and  was  provided  with  a 
hi^izoDtal  s<*ale-beam  having  a  sliding  weight  like  a  steelyard.  The  whole  was  bal- 
i&crd,  and  the  wire  arms  hung  vertically  when  tlie  weight  was  at  zero. 

Tliis  apparatus  was  used  by  lashing  the  beam  across  the  gunwales  of  a  l>oat  so  that 
tt»  frame  would  hang  on  one  side  with  the  arms  inmiersed  about  9  inches  when  jilaccd 
in iht? proper  x><»*ition  for  use;  the  action  of  the  current  upon  the  jiait  of  the  frame 
nlffi!eri;ed  was  weighed  on  the  scale-l»eam.     The  cord  or  wire  was  then  attached  to 
tkfn^  of  the  arms  and  the  pressure  again  weighed.     Tlie  ditfercnc<;  in  weight  gave 
Af  pressure  uiM>n  the  cord  or  wire  alone. 
hthfjie  experiments  the  vehx-ity  of  the  current  was  measured  with  current-meter 
fel,  from  the  lioat,  in  the  middle  of  the  length  occupied  by  the  frame. 
Isperiments  were  made  upon  both  cords  and  wires  of  the  dianu'tcrs  given  in  the 
fc&nring  tables.     The  conls  were  all  hard-twisted,  smooth,  and  of  unifonn  diameter, 
»s^«pre  all  of  cotton  except  No.  3,  which  was  a  linen  fish-line. 

Xrst  of  the  cords  were  stn?tclu*d  tight  between  the  supjiorts,  but  some  were  aUowed 
te'ag,asiiote<l  in  the  table.     The  wires  were  all  nearly  straight. 
All  »>f  the  exx>eriments  were  made  at  a  depth  of  9  inches  below  the  surface  of  the 


Tifcr. 


Table  shmcing  experiments  upon  cords. 


c 

t 


*."!9 


S 

c 

a 


• 


I 

i 

n 


3 
A 


B  «5 

u 


S 

3 


.2 
.2 

.052 
.052 
.(H5 
.043 
.038 
.038 
.0)8 
.038 


i:       5  1.(06 
"^      51.038 


4 

4 


Mean  coefficient. 


e> 

a 

fl 

•r^ 

C  of 

£ 

is 

g§ 

t  a 

AS 

s« 

o 

s 

5 

c 

o 

t^ 

H 

2.0 

as 

2.0 

&3 

.6 

3.0 

2.0 

3.9 

.6 

1.1 

2.0 

3.3 

.6 

1.1 

2.0 

3.2 

2.0 

3.3 

.6 

LI 

.6 

1.0 

2.0 

3.2 

.6 

1.0 

e 


6.3 
6.3 
2.4 
1.9 

.  5 
1.3 

.5 
L2 
1.3 

.5 

.4 

L2 
.4 


>4 


2.23 
2.23 
1.28 
2.31 
1.32 
2.27 
1.36 
2.23 
2.23 
1.33 
1.26 

2.10 
1.29 


.0667 
.0653 
.0653 
.0173 
.0173 
.0150 
.0150 
.0127 
.0127 
.0127 
.0127 

.0120 
.0120 


fl 


£ 


1.189 
1.214 
1.401 
1.279 
1.030 
L048 
L117 
1.188 
1.284 
1.379 
1.238 

1.302 
1.255 


L225 


Xotea. 


Cotton  cortl,  3-incb  sag;  hi  middle. 
Cotton  cord,  2-meli  sajj;  in  middle. 
Cotton  conl,  nearly  atniight. 
Cotton  cord,  l-incn  aag  in  middle. 
Cotton  cord,  nearly  Htniight. 
Linen  cord,  nearly  Htraight. 

l>o. 
Cotton  cord,  nearly  straight. 
Cotton  cord,  l-inch  sag  in  middle. 
Cotton  conl,  nearly  straight. 
Cotton  cortl,  5  feet  long,  1  foot  3 

inches  sag. 
Cotton  cord,  nearly  straight. 

Do. 


The  probable  error  of  this  mean  \b  ±  .021. 
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Table  showing  experiments  upon  wires. 


i 

ja 
.9 

a 
1 

5 

.075 

.3 

t 

a 

G 

«  a 

1-3 

1 

2.0 

.a 
g 

2  ^ 

Is 

1 

H 

4.1 

g§ 

r 

2.1 

Velocity,  feet  per 
second. 

• 

g    1  Area,  square  feet. 

2.20 

.075 

.6 

1.3 

.7 

1.19 

.0250 

.065 

2.0 

3.8 

L8 

2.20 

.0217 

.065 

.6 

1.1 

.5 

1.22 

.0217 

.032 

2.0 

3.0 

1.0 

2,19 

.0107 

.032 

.0 

.8 

.2 

L22 

.0107 

.022 

2.0 

2.5 

.5 

2.18 

.0073 

.022 

.6 

.8 

.2 

1.21 

.0073 

.012 

2.0 

2.3 

.3 

2.15 

.0040 

.012 

'oeffici 

.6 
ent 

.7 

.1 

1.35 

.0040 

Mean  ( 

Notes. 


1.082 
1.239 
1.066 

.965 
1.208 

.821 

1.126 

L028 

.824 


L025 


Copper  wire,  nearly  8 

Do. 

Do. 

Do. 

Do. 

Do. 
Brass  wire-,  nearly  sti 

Do. 

Do. 

Do. 


The  probable  error  of  this  mean  is  ±  .032. 

In  addition  to  the  foregoing  experiment«  on  cords  and  wires,  a  few  e3 
were  made  on  the  29th  of  August,  with  tlie  .same  apparatus,  u])on  the  resisti 
floats  before  described  in  this  report,  when  similarly  acted. upon  by  the  curn 
were  attached  by  cords,  from  10  to  15  feet  long,  to  the  middle  of  the  cord 
between  the  arms  of  the  frame  as  in  the  foregoing  experiments.  The  floats 
alone  and  also  the  whole  .system  together. 

The  resistance  of  the  ujjper  float  was  obtained  by  attaching  it  to  the  ap 
the  manner  described,  with  a  weight  of  8  ounces  hanging  to  it  at  a  dist 
inches  below,  and  supporting  this  weight  against  the  current  by  an  indepeii 
This  was  also  tried  without  suspending  the  weight  independently. 

When  both  floats  were  tried  together,  they  were  attached  independen 
frame,  except  in  one  casi\  when  the  upjier  float  alone  was  attached.  The  ce 
lower  float  was  in  all  cases  18  inches  below  the  surface  float.  An  experi 
made  upon  the  lower  float  alone,  suspended  at  the  surface  by  means  of  the  i 
placed  just  inside  of  the  toj). 

The  velocity  of  the  current  was  so  small  at  the  time  of  these  experime 
was  very  difticult  to  measure  the  slight  resistance  of  the  surface  float.  T 
would  have  been  more  satisfactory  with  a  greater  velocity.  They  are,  how* 
in  the  following  table,  which  shows  the  deductions  made  fiom  such  expe 
were  tried.  These  observations  were  not  originally  considered  sufllciently  C( 
be  of  great  value,  and  consequently  were  not  given  in  the  previous  report. 

Table  showing  results  of  experiments  upon  floats. 


®  . 

o  « 

I5 


1 

2 


I 


o 

9 
Pi 

ja 

02 


Ellipsoid.. 
Ellipsoid.. 


■ 

s 

c 

-*i- 
S 

I 

i 

0 

1 

§1 

H 

1^ 

.a 

*3 

1^ 

a  <9 

IS* 

•#4 

w 

1.50 

I 

> 
1.01 

3 

6.00 

.0136 

.033 

6.00 

1.50 

.0062 

.77 

.033 

404 
316 


Mean  coefficient . 


360 


Notes. 


Surface-float  by  itself;  with  8-oi 
Do 


The  x)robable  error  of  this  mean  is  db  .030. 


3 

Cylinder.. 

8.47 

8.50 

.5417 

1.28 

.500 

.662 

Subfloat  by  itself,  near  the  snx 

4 

Cylinder . . 

8.47 

8.50 

.3124 

.91 

.500 

.755 

Subfloat  iS  inches  below  snrfac 
attached. 

5 

Cylinder . . 

a  47 

8.50 

.3176 

L07 

.500 

.555 

Subfloat  18  inches  below  surfa 
ter  only  attached. 

6 

Cylinder . . 

8.47 

8.50 

.2719 

.87 

.500 

.719 

Subfloat  18  inches  below  surfac 
attached. 

7 

Cylinder.. 

8.47 

a50 

.2541 

.86 

.500 

.687 

Do. 

Mean  ooefflci 

lent . . . 

.676 

The  probable  error  of  this  mean  is  db  .023. 
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\     In  the  foregoing  tables  of  the  results  of  experiments  upon  cords,  wires,  and  floats, 

\  the  last  column  contains  the  coefficient  of  resistance. 

I    The  general  formula  for  the  resistance  of  a  body  moving  in  a  fluid  of  unlimited  cross- 

\  section  is — 

P  =  C^Air 

fin  which 

P=ivsi8tanceof  the  body  to  motion. 
— I  r=Yeloi*itv. 

_  /^  =  forre  of  gravity  at  the  place. 
I  A=ar«'a  of  cn>s8-«ection  of  the  body. 
I  If = weight  of  a  unit  of  volume  of  the  fluid. 

f  C  =  a  cM»efficient,  supposed  to  be  constant  for  the  same  form  of  solid,  but  varying  for 
I  (Uflereiit  forms. 

As,  however,  for  the  same  fluid  the  factor  ^  is  constant,  both  numerator  and  de- 

-xi.<HniDator  varying  proi>ortionally  with  the  small  changes  in  the  value  of  </,  it  can  be 

omitttHl  in  the  computation  of  the  coefficient  C  from  a  series  of  observations  or  experi- 

jattnt8  in  the  same  fluid.     The  r(«ulting  coefficients  are  the  projier  ones  for  the  fluid 

olserred,  and  if  it  is  desired  to  apply  them  to  any  other  they  can  be  placed  in  the 

^aieml  formula  by  multiplying  by  ^,   or  making  C  =  C'~,   C  being  the  proper  co- 

w  2  (f 

^rit-nt  for  the  general  formula.     Although  it  is  known  that  the  foregoing  formula  is 

JM  exact  ft»r  a  great  range  of  velocity,  it  is  sufficiently  accurate  to  determine  the 

iW5tance  through  a  considerable  range  in  the  values  of  the  area  of  the  cross-section 

4Bd  vi'Iocity  if  the  coefficient  is  well  established  by  a  sufficient  nimiber  of  experiments. 

ItaJijo  aft'ords  an  excellent  means  of  comparing  experiments  at  diff'erent  velocities  and 

t/r/i  different  areas  of  cross-section,  so  as  to  obtain  a  mean  coefficient.     In  the  fore- 

joing  tables  the  coefficients,  which,  if  applied  to  the  formula,  would  produce  the 

WBttlts  of  the  experiments,  have,  therefore,  been  comi)uted  by  the  formula — 

Ar^ 

the  means  taken  of  the  results.    The  pressure,  P,  is  taken  in  pounds,  the  area.  A, 
eiiuare  fw^t,  and  the  velocity,  v,  in  feet  i)er  second. 

It  will  l>e  obs€»rve<l  that,  in  the  table  of  experiments  with  cords,  the  coefficients  are 

Lite  uniform,  and  there  ajipears  to  Imj  no  material  differenc?e  between  the  higher  and 

k^ver  velocities,  nor  between  the  larger  and  smaller  conls;  neither  does  there  appear 

be  any  diflTerenc©  where  the  cord  has  a  very  considerable  curve  or  sag  between  the 

jds. 

In  the  series  of  experiments  upon  wires,  a  greater  diffV?rence  appears  in  the  coeffl- 

its.     This  is  owing  to  the  fineness  and  consequent  small  areas  of  some  of  the  wires, 

the  slowness  of  the  current;  and  also  to  the  fact  that  with  the  apparatus  used  the 

mre«  could  he  taken  only  to  the  nearest  tenth  of  an  ounce ;  so  that  the  pressures  of 

.1,  j2,  and  .3  were  subject  to  a  large  percentage  of  error  fi*oni  this  cause.    As  these  errors, 

rever,  are  equally  likely  to  give  too  large  or  too  small  results,  the  mean  is  very  near 

pmbable  truth. 

,.     In  the  experiments  upon  the  small  tin  ellipsoids  used  for  surfaee  floats,  the  results 

nie  not  quite  satisfactory  for  the  same  reasons.    The  two  coefficient*  given  do  not. 

'teowever,  vary  so  much  as  would  be  expected  from  the  difficulty  of  measuring  so  small 

•  rmstauce.  and  the  mean  may  be  taken  as  approximately  correct.     With  the  cylinders 

tlfor  snbfloats,  the  coefficients  are  quite  unifonn,  with  the  exception  of  No.  5,  in 

fiirh  case  the  floats  were  attached  to  the  weighing  apparatus  by  a  line  to  the  upper 

' «  only ;  so  that  there  is  a  possibility  that  the  lower  tioat  was  carried  down  stream 

Iciently  to  bring  the  suspending  cord  against  its  top  edge  and  cant  it  slightly.     If 

result  of  this  experiment  is  rejected,  it  makes  the  mean  coefficient  .706,  instead  of 

^6,  with  a  probable  error  of  ±  .014. 

THE  MAPS  AND  DIAGRAMS  SHOWN  IN  THE  PLATES. 

4l  map  of  the  river  from  Hartford  to  Holyoke  has  been  prepared  upon  a  reduced 
'  le,  corresponding  to  the  6  large  sheets  of  400  feet  to  an  inch  submitted  with  the 
J  rexjort,  and  upon  it  have  been  placed  all  the  localities  and  proposed  improvements 
ibraced  in  the  ^ireNious  reports  upon  this  part  of  the  river ;  so  that  it  shows  all  that 
necessary  to  comprehend  their  meaning.  The  detailed  information  contained  in  the 
»r  maps  could  not  be  shown  upon  so  small  a  scale,  but  all  the  essential  features 
ive  lieen  retaine*!. 

The  principal  parts  omitted  are  the  lines  of  soundings  across  the  river  each  400  feet, 

'    10-foot  contours  alK»ve  the  Hartford  base,  and  some  of  the  minor  details  that  are 

bribed  in  the  reports  and  repeated  on  the  maps.    The  contour-lines  in  the  bed  of  the 
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river  are,  liowever,  shown,  giving  the  de])th  l>elow  the  lowest  water.    The  dotted  line 
outside  the  ordinary  Inmks  of  the  river  shows  the  limit  of  overflow  in  the  highest 
freshets.'   Tlie  eharaeteristic  heights  of  the  ground  ahove  Hartford  haae,  or  low-water 
mark  at  tliat  i»hiee,  have  also  heen  plaeed  upon  the  map  in  small  figures.     Enough  of 
these  are  given  to  sliow  the  general  eharacter  of  the  hanks  and  the  slope  hack  from 
the  water. 

The  large  figures  in  the  hed  of  the  river  on  the  lines  of  sections  across  the  valley 
show  the  heights  of  onliuarj'  water  and  highest  water  respectively  ahove  tlie  Iow-wat<*r 
plane. 

The  profile  of  the  river  and  the  diagrams  of  horings,  cross-sections  at  Thonipson- 
ville,  and  of  the  heights  of  water  at  Hai*tford,  have  all  heen  reduced  in  scale  to  l)ring 
them  within  suitahle  limits  for  the  accomjianying  plates;  hut  it  is  helievcd  that  they 
sliow  every  important  feature  of  the  original   slieets.     The   diagram  of  s<!ctions  at 
Thomjisonville  shows  all  the  s«^ctions  across  the  river  upon  which  fioat  or  meter  obser- 
vaticms  were  taken.     At  i»ositions  F  and  (J  on  the  map,  7  parallel  linens  were  nia 
across  the  river  at  50  feet  distance  ayiart.     They  are  numl)ered  in  the  following  onier, 
commencing  with  the  one  highest  uj)  the  river:  7,  6,  1,  2,  3,  4,  5.     The  lines  1,2,3,  4,5^ 
end)raced  the  2(H)  feet  calhnl  position  F,  and  the  lines  7,  6,  1,  2,  3,  emhraced  the 20(» feet!' 
called  position  G.     The  meter-ohservations  were  taken  on  the  middle  line«  1  and  3  o^ 
these  positions.     On  the  large  sheet  hefore  suhnutted,  the  several  lines  wer<»  shown  i»^ 
different  coloi-s;  hut  on  the  present  jdate  they  are  necessarily  all  in  hlack,  and  ar< 
shown  by  the  difterent  charaet^^r  of  the  lines.     The  3  sheets  showing  the  apparat*"*^' 
used  in  gauging,  the  diagram   of  vertical  curves  of  current  velocities,    and  the 
diagrams  showing  the  relative  heights  and  discharges  at  Thcmipsonville,  n*main  tl* 
same  as  hefore  presented,  with  the  rerjuisite  changes  for  adapting  them  to  he  printe*^ 

Two  new  diagrams  have  heen  adde<l  in  the  present  jdates  to  bring  tlie  report  up  ^ 
date,  viz:  another  diagram  of  the  heights  of  water  at  Hartford  for  the  y«'ar  1875,  »«J 
a  sheet  showing  the  ti(les  at  Hartford  for  two  complete  lunations  in  August,  Septemb^?' 
and  October  of  1874. 

All  of  which  is  respectfully  suhnutted. 

Theo.  G.  Eltjs, 

Civil  Engineer  ^ 

LIST  OF  PLATES. 

I.  Connecticut  River,  from  Hartford  to  Wiuflsor  Locks. 
II.  C«»nnecticut  River,  from  Windsor  Locks  to  Long  Meadow. 

III.  Connecticut  River,  from  Long  Meadow  to  Holyoke. 

IV.  Diagram  of  borings  in  the  bed  of  the  river. 

V.  I*rofile  of  Connecticut  River  from  Hartfortl  to  Hidyoke. 

VI.  Diagrams  showing  cross-sections  of  the  river  aud  mean  vertical  curves  of  cr^ 
rent  velocities  at  Thompsonville. 
VII.  Apparatus  used  in  gauging. 

VIII.  Diagram  showing  the  height  of  the  river  at  Hartford  from  Febniarv  1  to  Dec^^  - 
her  31,  1871. 
IX.  Diagram  showing  the  height  of  the  river  at  Hartford  fix)ni  January  1  to  Decern" 
her  31,  1872. 
X.  Diagram  showing  the  height  of  the  river  at  Hartford  from.  January  1  to  Dec*^* 
her  31,  1873. 
XI.  Diagram  showing  the  height  of  the  river  at  Hartford  from  January  1  to  Decease 
ber  31,  1874. 
XII.  Diagram  showing  the  height  of  the  river  at  Hartford  from  January  1  to  Dec€5=^ 
ber  31,  1875. 

XIII.  Diagram  showing  height*  and  discharges  of  the  Connecticut  River  at  Thone:^ 

sonville. 

XIV.  Diagram  showing  tides  at  Hartford  in  1874. 

XV.  Diagram  showing  the  height  of  the  river  at  Hartfonl  from  January  1  to  Dec€^ 

l>er  31,  1876. 
XVI.  Diagram  showing  the  height  of  the  river  at  Hartford  from  January  1  to  Dec^^ 
ber  31,  1877. 

ADDENDA. 

Since  the  foregoing  report  was  submitted  the  observations  of  the  height  of  the  wa^^ 
at  Hartford  have  been  continued. 

At  the  times  of  high-water  in  1876  and  1877  a  comparison  was  made  of  the  hei^ 
as  shown  ujMin  the  old  gauge  at  the  toll-bridge  and  upon  the  new  gauge  which 
e-stablished  on  the  steamboat^wharf  at  the  foot  of  State  street.     Tlie  sloi)o  of  the 
face  between  tliese  two  jioints  was  found  to  be  considerable  at  the  time  of  frieshet*. 
that  the  readings  upon  the  new  gauge  were  less  than  ajmn  the  old,  although  tJ 
were  practically  the  same  at  the  low  stages,  the  zeroes  of  the  two  gauges  being  at  ** 
same  level.     In  order,  therefore,  to  obtain  the  most  correct  approximate  dischar" 
from  the  gange-readingS;  a  new  table  of  discharge  for  the  heights  upon  the  new  gaiff 
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been  oompnted,  and  the  oorrected  quantities  entered  in  the  tables  of  discharge  for 

yeare  1876  and  1877. 

\aa  ii«w  table  of  discharge  differs  bnt  little,  however,  from  that  heretofore  given, 

.'pt  at  the  higher  stages,  when  the  slope  of  the  surface  is  the  ffreatest. 

be  tables  of  mean  da^  heights  of  water  and  daily  discharge  K>r  the  years  1876  and 

'  have  been  compnted,  together  with  the  totals  for  the  years. 

iblfis  have  "alao  been  prepared  showing  the  number  of  days  in  each  month  the 

nee  for  the  day  was  aoove  a  given  height,  corresponding  to  the  tables  heretofore 

oded  in  the  report  for  the  previous  years. 

Jl  of  the  before-mentioned  tables  and  diagrams  showing  the  observed  heights  of 

ter  at  Hartford  for  the  years  1876  and  1877  are  appended  herewith. 

Ki«90  of  ike  ConneeUeut  Biver  at  Hartfordjfor  each  foot  inhetght,  by  the  United  States 

gauge  at  the  foot  of  State  street. 


Diacbarge  per 
aecoiuL 


Ombie/etL 
5,000 
S,500 

8.500 
11,100 
U,500 
IS,  400 
22,700 

25b 


DiaohArgeper 
second. 

Height 

Oubie/esL 

JlMt 

18 

82,400 

17 

87,500 

18 

42,000 

19 

48,500 

20 

54,200 

21 

00,100 

22 

06,200 

28 

Discharge  per 
second. 

Height 

OubiofuL 

72,700 

JlMt 

24 

79,000 

25 

87,100 

20 

95,200 

27 

103, 700 

28 

112,700 

29 

122,100 

30 

132,000 

Ouhiof«eL 
142,400 
153,400 
164,800 
176,200 
187,600 
199,200 
211,000 
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Table  ihowinj  the  daily  discharge  and  heijht  of  the  Connecticut  Biver  at  Hartford  fn 

uary  1  to  December  31,  1876. 


Date. 

Height, 

Millions  of 

Date. 

Height, 

Millions  of 

feet. 

cubic  feet. 

fet»t. 

cubic  feet. 

1876. 

1876. 

Jan.         1 

6.52 

1,780 

Mar.      1 

4.93 

1,230 

2 

7.35 

2,100 

2 

4.46 

1,086 

3 

8.58 

2,614 

3 

3.87 

925 

4 

8.63 

2,636 

4 

4.13 

994 

5 

9.17 

2,874 

5 

4.05 

972 

6 

7.77 

2.270 

6 

3.98 

9.54 

7 

a  67 

1,835 

7 

4.73 

1,168 

8 

6.33 

1,709 

8 

7.70 

2,242 

9 

a  18 

1,653 

9 

11.  .50 

3,946 

10 

a  23 

1,671 

10 

13.97 

5,179 

11 

6.06 

1,610 

11 

15.13 

6,794 

12 

a55 

1,790 

12 

12.70 

4,535 

13 

8.98 

2,790 

13 

10.83 

3,629 

14 

9.35 

2,950 

14 

9.55 

3,040 

15 

8.60 

2,623 

15 

8.70 

2,667 

16 

8.45 

2,560 

16 

7.97 

2,354 

17 

7.93 

2,336 

17 

7.27 

2,067 

18 

7.53 

2,172 

18 

5.97 

1,  578 

19 

7.10 

2,000 

19 

5.38 

1,276 

20 

7.96 

2,350 

20 

5.57 

1,441 

21 

9.10 

2,842 

21 

7.27 

2,067 

22 

10.49 

3,469 

22 

7.40 

2,120 

23 

11.70 

4,044 

23 

7.53 

2,173 

24 

11.62 

4,005 

24 

7.15 

2,020 

25 

10.88 

3,652 

25 

7.10 

2,000 

26 

10.07 

3, 273 

26 

12.07 

4,225 

27 

9.33 

2,944 

27 

15.63 

6,075 

28 

9.20 

2,886 

28 

15.33 

5,905 

29 

9.03 

2,  812 

29 

15.03 

5,735 

30 

8.90 

2,754 

30 

17.  95 

7,494 

31 

9.35 
9.81 

2,  952 

31 
Apr.      1 

17.15 
15.10 

6,975 

70, 956 

93.866 

Feb.          1 

3,155 

5,776 

o 

10.09 

3,282 

2 

12.  83 

4,599 

3 

9.59 

3, 057 

3 

10.48 

3,464 

4 

a63 

2,636 

4 

10.90 

3,661 

5 

7.67 

2,230 

5 

iao7 

4,718 

6 

7.50 

2,160 

6 

12.39 

4,383 

7 

7.37 

2,106 

7 

11.03 

3,722 

8 

a  75 

2,688 

8 

10.73 

3,581 

«   9 

9.46 

3,000 

9 

10.83 

3,629 

10 

9.57 

3,050 

10 

10.08 

3,377 

11 

9.35 

2,  9.'>2 

11 

9.38 

2,965 

12 

8.83 

2, 723 

12 

9.-59 

3,057 

13 

9.30 

2,  930 

13 

11.32 

3,860 

14 

9.20 

2,886 

14 

13.39 

4,880 

15 

10.08 

3,278 

15 

17.20 

7,005 

16 

10.  42 

3,  435 

16 

20.48 

9.333 

17 

8.36 

^     2,520 

17 

21.  81 

10,395 

18 

6.90 

1,923 

18 

21.45 

10. 110 

19 

6.56 

1,71*4 

19 

19.05 

8,261 

20 

5.80 

1,520 

20 

ia38 

6,508 

21 

5.10 

1, 285 

21 

14.18 

5,286 

22 

5l03 

1,262 

22 

13.88 

5,132 

23 

4.32 

990 

23 

14.28 

5,339* 

24 

4.80 

1,190 

24 

14.62 

5,518 

25 

5.50 

1,417 

25 

14.96 

5,608 

26 

5.32 

1,327 

26 

14.89 

5,660 

27 

5.00 

1,  252 

27 

14.55 

5,480  i 

28 

4.83 

1,200 

28 

13.80 

5, 137  1 

29 

5.00 

1,152 

29 

13.78 

5.080 

30 

13.90 

5, 142  ' 

64.400 

160,756  1 

June 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


14.30 
14.37 
13.49 
12.74 
11. 72 
11.33 
12.07 
13.70 
15.43 
16.62 
17.37 
18.12 
1&98 
19.20 
18.96 
18.13 
ia73 
14.85 
13.24 
12.03 
11.35 


10. 
11. 
11. 
11. 


97 
45 
74 
51 


11.11 
10.55 
9.60 
8.68 
7.75 
7.30 


a97 
a67 
a  15 

ao5 
a  05 

7.72 

a  24 

7.25 

a44 

6.70 
6.06 
6.05 
5.27 
6.00 
4.97 
4.70 
4.69 
4.78 
4.62 
4.25 
4.45 
4.60 
4.78 
4.99 
4.89 
4.59 
4.27 
4.15 
3.99 
3.92 
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TahU  ikowing  ths  daily  discharge  and  height  of  the  Connecticut  Birery  ^o, — Continued. 


Dite. 

Height, 

Millions  of 

Date. 

Height, 

Millions  of 

Date. 

Height, 

MUUons  of 

feet. 

cubic  feet. 

feet. 

cubic  feet. 

feet. 

cubic  teet 

U7& 

1876. 

1876. 

/nly       1 

3.97 

050 

Sept.      1 

1.43 

510 

Nov.      1 

2.00 

570 

2 

3.85 

920 

1                 2 

L20 

490 

2 

2.38 

622 

3 

3.70 

885 

3 

1.18 

489 

8 

2.47 

635 

4 

3.55 

848 

4 

0.97 

474 

4 

1.98 

568 

5 

3.43 

820 

5 

0.98 

475 

5 

1.67 

632 

.« 

3.35 

803 

6 

1.14 

486 

• 

1.85 

652 

7 

3.27 

785 

7 

1.62 

528 

7 

2.20 

595 

8 

3.20 

770 

8 

2.15 

589 

8 

2.23 

600 

9 

2.84 

606 

9 

1.85 

552 

0 

2.15 

590 

10 

2.34 

615 

10 

1.85 

552 

10 

2.35 

616 

11 

2.82 

692 

11 

L80 

547 

11 

2.60 

655 

12 

3.01 

728 

13 

L59 

524 

12 

2.62 

650- 

13 

ao7 

742 

13 

L46 

512 

13 

2.63 

661 

14 

3.03 

732 

14 

1.63 

529 

14 

2.25 

603 

15 

2.91 

709 

15 

1.92 

560 

15 

2.33 

614 

16 

2.50 

640 

16 

2.23 

600 

16 

2.25 

780^ 

17 

2.26 

604 

17 

2.04 

575 

17 

2.95 

715 

18 

2.37 

620 

18 

2.82 

693 

18 

3.00 

725 

19 

2.45 

632 

19 

2.55 

647 

19 

3.17 

762 

20 

2.68 

670 

20 

2.70 

672 

20 

3.22 

774 

21 

2.48 

634 

21 

2.86 

700 

21 

3.32 

796 

22 

2.77 

685 

23 

2.91 

709 

22 

4.07 

977 

23 

2.64 

662 

23 

2.58 

652 

23 

4.17 

1,005 

24 

2.60 

670 

24 

2.33 

614 

24 

3.62 

8tt6 

25 

2.99 

725 

25 

2.33 

614 

25 

3.63 

866 

28 

2.89 

705 

26 

2.42 

628 

26 

3.47 

830 

27 

2.60 

655 

27 

2.07 

579 

27 

3.03 

732 

28 

2.41 

626 

28 

1.35 

602 

28 

2.68 

670 

29 

2.10 

582 

29 

2.00 

670 

29 

2.38 

621 

30 

1.93 

561 

30 

2.33 

614 

30 

2.45 

632 

31 

2.57 
2.55 

650 

Oct        1 

2.20 

Dec       1 

2.27 

22,016 

17,186 

20,822 

H      1 

647 

596 

606 

2 

2.38 

621 

2 

2.15 

589 

2 

2.08 

575 

3 

2.37 

620 

3 

2.38 

622 

3 

L78 

645 

4 

2.20 

505 

4 

2.53 

644 

4 

L73 

639 

5 

2.22 

509 

5 

2.13 

587 

5 

1.88 

656 

6 

1.95 

565 

6 

2.37 

620 

6 

2.20 

595 

7 

L84 

551 

7 

L92 

660 

7 

L92 

660 

8 

1.84 

551 

8 

1.60 

625 

8 

1.92 

660- 

9 

1.78 

545 

9 

1.47 

513 

9 

2.70 

672 

10 

L88 

556 

10 

1.75 

541 

10 

0.95 

473 

11 

1.76 

542 

11 

L40 

607 

11 

1.37 

504 

12 

L79 

549 

12 

1.30 

498 

12 

2.68 

669' 

13 

1.31 

499 

13 

1.48 

514 

13 

2.02 

672 

14 

Lll 

483 

14 

2.07 

579 

14 

L77 

543 

15 

1.28 

496 

15 

1.68 

534 

15 

2.02 

572 

16 

L37 

504 

16 

1.07 

481 

16 

L72 

638. 

17 

L74 

540 

17 

0.75 

461 

17 

0.83 

466. 

18 

L88 

556 

18 

1.37 

504 

18 

1.27 

49& 

19 

2.05 

576 

19 

1.70 

536 

19 

1.20 

490 

20 

L72 

538 

20 

1.63 

529 

20 

0.88 

460 

21 

L35 

502 

21 

L92 

560 

21 

1.18 

480' 

22 

1.53 

519 

22 

1.93 

561 

22 

1.37 

504 

23 

L88 

555 

23 

1.95 

564 

23 

2.05 

676^ 

24 

1.83 

550 

24 

L97 

566 

24 

1.75 

541 

25 

L62 

528 

25 

L78 

545 

25 

1.52 

518 

26 

L25 

494 

26 

1.45 

611 

26 

1.87 

655 

27 

0.74 

461 

27 

1.25 

494 

27 

2.15 

580 

28 

0.75 

462 

28 

1.67 

623 

28 

2.12 

585 

29 

0.96 

473 

29 

1.70 

635 

29 

2.43 

630- 

30 

1.24 

494 

30 

1.80 

642 

30 

2.65 

665 

31 

1.36 

503 

31 

2.15 

580 

31 

1.38 

505 

16,674 

16,930 

17,156 
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Ibtali  fw  ikt  moii^  oimI  year. 


1870. 


January . 
February 
March  . . . 
April.-.. 

Mky 

June 

July 


Cubic  £eet 


79,956, 
64,400, 
93,866, 
160,  756, 
155, 521, 
41.008, 
22,016, 


000,  odb 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 


1876. 


August . . . 
September 
October . .  - 
Xovember 
December. 

Total 


Tahle  showing  the  number  of  days  in  1876  that  the  average  for  the  day  at  Hartfo 

a  given  height. 


Height. 

No.  of 
days. 

Height 

No.  of 
days. 

Height. 

1 
No.  ofl 
days. 

Heig 

JANUARY. 

6  feet  and  over.. 

21 

20  feet  and  over. . 

3 

8  feet  am 

7  feet  and  over.. 

21 

21  feet  and  over.. 

2 

1  foot  and  over  .. 

31 

8  fe>et  and  over.. 

13 

JULl 

2  feet  and  over  . . 

31 

9  feet  and  over.. 

12 

MAY. 

3  feet  and  over. . . 

31 

10  feet  and  over.. 

11 

1  foot  ani 

4  feet  and  over... 

31 

11  feet  and  over.. 

10 

1  foot  and  over. . 

31 

2  feet  an< 

5  feet  and  over  . . 

31 

12  feet  and  over.. 

9 

2  feet  and  over.. 

31 

SfeetaiM 

6  feet  and  over_ . . 

31 

13  feet  ami  over.. 

7 

3  feet  and  over.. 

31 

7  feet  and  over. .. 

24 

!  14  feet  and  over.. 

6 

4  feet  and  over.. 

31 

AUOU 

8  {ev>t  and  over  . . 

18 

15  feet  and  over.. 

6 

5  feet  and  over. . 

81 

0  feet  and  over... 

12 

16  feet  and  over.. 

2 

6  feet  and  over.. 

31  1 

1  foot  ani 

10  feet  and  over. . . 

5 

17  feet  and  over.. 

2 

7  feet  and  over.. 

31 

2  feet  am 

11  feet  and  over  . . 

2 

8  feet  and  over.. 

29 

1 

APRIL. 

9  feet  and  over.. 

28 

BBFTBM 

FKBKUABT. 

10  feet  and  over.. 

27 

1  foot  and  over.. 

30 

11  feet  and  over.. 

25 

1  foot  am 

1  foot  and  over... 

29 

2  feet  and  over.. 

30 

12  feet  and  over.. 

18 

1   2  feet  an< 

2  feet  and  over... 

29 

3  feet  and  over.. 

30 

13  feet  and  over.. 

15 

1 

3  feet  and  over  . . 

29 

4  feet  and  over.. 

30 

14  feet  and  over. . 

12 

1           OCTOK 

4  feet  and  over. . . 

29 

5  feet  and  over.. 

30 

15  feet  and  over.. 

9 

1 

5  feet  and  over. .. 

26 

6  feet  and  over. . 

30 

16  feet  and  over  . 

8 

1  foot  an< 

6  feet  and  over... 

19 

7  feet  and  over. . 

30 

17  feet  and  over.. 

6 

2  feet  am 

7  feet  and  over.. 

17 

8  feet  and  over.. 

30 

18  feet  and  over. . 

5  1 

8  f«iet  and  over  . . 

14 

9  feet  and  over.. 

80 

19  feet  and  over. . 

1 ; 

MOVKM 

9  fi>et  and  over 

10 

10  feet  and  over.. 

28 

10  feet  and  over  . . 

3 

11  feet  and  over.. 

12  feet  and  over. . 

23 
21 

JUKK. 

1  foot  an< 

2  feet  an* 

MARCH. 

13  feet  and  over.. 

19 

1  foot  and  over.. 

30 

3  feet  au( 

14  feet  and  over.. 

13 

2  feet  and  over.. 

80 

4  feet  au4 

1  foot  and  over. . . 

31 

15  feet  and  over,. 

7 

3  feet  and  over. . 

30  1 

2  feet  and  over... 

31 

16  feet  and  over.. 

6 

4  feet  and  over.. 

28 

DBCKM 

3  feet  and  over  . . 

81 

17  feet  and  over. . 

6 

5  feet  and  over.. 

14  \ 

4  ftH't  and  over  . . 

29 

18  feet  and  over.. 

4 

6  feet  and  over.. 

9 

Ifoot  ani 

5  feet  and  over. . . 

24 

19  feet  and  over.. 

4 

7  feet  and  over.. 

8 

1 

2  feet  an< 

Totals  for  the  year  from  January  1  to  December  31,  1876. 


Total  for  twelve  months. 

Total  for  twelve  months. 

Total  for  twelvejnonths. 

Total  fori 

Height 

No.  of 
days. 

Height 

No.  of 
days. 

Height 

No.  of 
days. 

Heig 

1  foot  and  over. . . 

2  feet  and  over 

3  ftM5t  and  over  . 

4  feet  and  over. . . 

5  feet  and  over... 

6  feet  and  over. . . 

357 
280 
204 
180 
156 
141 

7  feet  and  over.. 

8  feet  and  over.. 

9  feet  and  over.. 

10  feet  and  over.. 

11  feet  and  over. . 

126 

105 

92 

74 

60 

12  feet  and  over.. 

13  feet  and  over 

14  feet  and  over. 

15  feet  and  over.. 

16  feet  and  over. . 

48 
41 
31 
22 
16 

17  feet  an 

18  feet  an 

19  feet  an 

20  feet  an 

21  feet  an 
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U  Am^  the  SaQy  dMutrge  and  height  of  the  C&nfieetieut  River  at  ffart/ard  from  Jan- 
uary 1  to  December  31,  1877. 


1 
hu,     1  Hdfiit, 

Millions  of 

I>ate. 

Height, 

Minions  of 

I>ate. 

Height, 

Millions  of 

^^^ 

^ 

f(e«t 

cubic  feet. 

feet. 

cubic  feet. 

feet 

cubic  feet. 

7. 

1877. 

1877. 

1/         1.30 

498 

Mat.      1 

187 

702 

May      1 

9.88 

a  187 

2  1         2.13 

586 

2 

3.07 

741 

2 

9.44 

2,991 

31          1-72 

539 

3 

5.33 

1,350 

8 

&93 

2,767 

4             1.15 

486 

4 

5.71 

1,490 

4 

8.42 

2,545 

5  1           1.18 

489 

5 

5.86 

1,540 

6 

7.78 

2,275 

6               1.05 

481 

6 

5.68 

1,480 

6 

7.25 

2,060 

7  1             2.78 

685 

7 

5.33 

1,350 

7 

6.60 

1,810 

8               1.97 

566 

8 

4.84 

1,210 

8 

&02 

1,595 

9                1.08 

661 

9 

a63 

1,820 

0 

6.55 

1,434 

0  ,             130 

610 

10 

n.02 

3,718 

10 

6.27 

1,340 

I    ;              115 

589 

11 

1183 

4,509 

11 

5.08 

1,278 

L95 

564 

12 

12.33 

4,353 

12 

4.96 

1,245 

118 

593 

18 

11.25 

3,826 

18 

4.76 

1,176 

[    !             1.73 

540 

14 

9.59 

3,057 

14 

4.45 

1,084 

.    i              168 

534 

15 

7.98 

2,358 

15 

4.19 

1,010 

130 

610 

16 

6.82 

1,802 

16 

4.14 

905 

[              105 

575 

17 

a24 

1,675 

17 

4.19 

1,010 

!              L06 

564 

18 

6.46 

1,404 

18 

4.32 

1,045 

1.87 

555 

19 

5.23 

1,326 

10 

4.36 

1,056 

i             120 

595 

20 

5.06 

1,260 

20 

4.76 

1,176 

L73 

540 

21 

4.55 

1,113 

21 

4.66 

1,145 

L87 

555 

22 

4.86 

1,214 

22 

4.58 

1,121 

'     [            108 

560 

23 

5.51 

1,420 

23 

4.60 

1,128 

:    I            102 

572 

24 

6  21 

1,665 

24 

4.76 

1,183 

*    \            1.65 

531 

25 

a  73 

1.857 

25 

4.96 

1,240 

S     \           L72 

539 

26 

7.54 

2,175 

26 

6.64 

1,465 

I           110 
i     \          110 
•     \          120 
f               132 

■^     :        117 

682 

27 

1168 

4,525 

27 

6.27 

1,340 

582 

28 

18.62 

7,097 

28 

4.44 

1,080 

505 

29 

22.12 

10,605 

20 

8.07 

925 

612 

80 

2157 

11,060 

30 

8.61 

863 

592 

81 
Apr.      1 

20.32 
17.13 

0,234 

81 
June     1 

8.86 
a  12 

805 

17,500 

03,253 

46,37) 

i.            1«2 

^            142 

612 

6,962 

761 

628 

2 

14.55 

5,480 

2 

176 

683 

^            167 

667 

3 

13.14 

4,753 

3 

132 

618 

^  '         165 

665 

4 

1163 

4,500 

4 

133 

615 

^           172 

675 

5 

1195 

4,165 

6 

137 

620 

^           193 

712 

6 

1144 

3,916 

6 

140 

625 

•J 

165 

665 

7 

10.98 

3,700 

7 

145 

632 

«           182 

692 

8 

10.73 

3,581 

6 

3.73 

605 

9           2.90 

708 

9 

10.47 

3,450 

0 

a80 

008 

XO            178 

685 

10 

10.09 

3,283 

10 

a  88 

030 

XI            158 

652 

11 

9.77 

3,135 

11 

a  73 

801 

:12  i          165 

665 

12 

0.92 

3,205 

12 

a  65 

873 

33            142 

628 

13 

0.81 

3,155 

13 

a57 

853 

34 

127 

605 

14 

9.26 

2,912 

14 

a4o 

614 

15 

142 

626 

15 

a56 

2,615 

15 

a  35 

602 

16 

145 

682 

16 

&34 

2,510 

16 

a  35 

602 

17            163 

661 

17 

8.13 

2.420 

17 

187 

701 

18            L88 

556 

18 

a  10 

2,406 

18 

137 

620 

19            102 

572 

19 

a43 

2,650 

10 

176 

682 

20           138 

615 

20 

0.54 

8,045 

20 

143 

620 

21           135 

618 

21 

1111 

4,245 

21 

132 

611 

22           153 

645 

22 

13.39 

4,880 

22 

107 

579 

23           162 

660 

23 

1187 

4.617 

.       28 

102 

672 

24           187 

720 

24 

1182 

4,100 

24 

101 

670 

IV         3. 23 

775 

25 

1118 

3,793 

25 

132 

612 

26          185 

608 

26 

10.79 

3,610 

26 

126 

605 

27          196 

722 

27 

10.60 

3,520 

27 

146 

633 

28 1        3.02 

730 

28 

10.26 

3,360 

28 

135 

617 

29 

0.87 

3,183 

29 

136 

618 

30 

9.87 

3,183 

30 

161 

641 

18,491 

110, 247 



20,907 

t 
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Table  9homng  the  daily  discharge  and  height  of  the  Confiectumt  Biver,  ^ — Contmn 


Date. 

Height. 

Millions  of 

Date. 

1 

Height, 

Minions  of 

Date. 

Height, 

Milli 

feet 

cubic  feet. 

feet 

cubic  feet 

feet 

cubi< 

1877. 

1877. 

1877. 

July         1 

2.40 

625 

Sept.      1 

8.21 

772 

t  Nov.      1 

4.18 

2 

2.09 

582 

2 

2.84 

606 

2 

4.55 

3 

5.02 

1,259 

8 

2.74 

680  1 

3 

5.35 

4 

a  18 

1,727 

4 

2.46 

634 

4 

&96 

5 

5.12 

1,290 

5 

2.68 

669 

5 

8.99 

6 

5.26 

1,337 

-6 

2.68 

669 

i                 6 

9.20 

7 

4.45 

1,085 

7 

2.68 

669 

7 

10.27 

8 

3.82 

913 

8 

3.01 

728 

8 

9.47 

9 

a46 

828 

9 

2.91 

709 

9 

9.52 

10 

3.48 

832 

10 

2.96 

718 

10 

13.01 

11 

4.05 

966 

11 

2.87 

702  ; 

11 

14.13 

12 

4.43 

1,077 

12 

2.57 

650 

12 

12.80 

13 

4.01 

962 

13 

2.29 

609 

13 

11.20 

14 

3.59 

858 

14 

L95 

564 

14 

9.92 

15 

3.12 

751 

15 

1.87 

555 

15 

8.25 

16 

2.71 

673 

16 

1.68 

534 

16 

7.17 

17 

2.48 

637 

17 

L76 

542  1 

17 

&65 

18 

2.04 

575 

18 

1.65 

530  1 

18 

&61 

19 

2.23 

600 

19 

L68 

534  ! 

19 

6.23 

20 

2.57 

650 

20 

1.82 

529  1 

20 

6.48 

21 

2.76 

683 

21 

1.70 

536  i 

21 

6.44 

22 

2.62 

650 

22 

1.21 

492 

22 

6.20 

23 

3.10 

748 

23 

1.46 

512 

23 

a  75 

24 

2.82 

693 

24 

L67 

533 

24 

5.58 

25 

2.62 

660 

25 

2.09 

581 

25 

5.72 

26 

2.62 

660 

26 

1.77 

543 

26 

8.13 

27 

2.54 

647 

27 

L76 

542 

27 

9.30 

28 

2.43 

630 

28 

1.90 

556  i 

28 

9.05 

29 

2.23 

605 

29 

L87 

555 

29 

a50 

30 

2.40 

625 

80 

1.68 

534 

80 

&14 

31 

2.49 
8.59 

638 

Oct        1 

1.32 

Dec       1 

7.73 

25,475 

18,089  i 

1 

Aug.         1 

1 
858 

500 

2 

4.79 

1,185 

2 

L15 

486 

2 

7.14 

3 

4.09 

983 

3 

1.93 

562 

3 

6.38 

4 

3.21 

771  ; 

4 

2.21 

596  I 

J                 4 

6.12 

5 

2.68 

670  1 

5 

2.43 

629 

15 

6.00 

6 

2.43 

630 

6 

3.38 

800 

6 

5.99 

7 

2.56 

649 

7 

3.68 

880 

7 

6.19 

8 

2.57 

650 

8 

3.44 

823 

8 

6.60 

9 

2.54 

646 

9 

3.93 

940 

9 

8.42 

10 

2.66 

665  > 

10 

8.52 

841 

10 

9.91 

11 

2.68 

669 

11 

4.29 

1,038 

11 

9.08 

12 

2.48 

637 

12 

4.21 

1,015 

12 

7. 72 

13 

2.73 

677 

13 

3.52 

840 

13 

6.60 

14 

2.87 

701 

14 

3.91 

935 

14 

5.88 

15 

2.68 

669 

15 

4.21 

1,015 

15 

5.33 

16 

2.43 

630 

16 

4.24 

1,024 

16 

4.83 

17 

2.18 

593 

17 

8.99 

955 

17 

4.67 

18 

2.35 

617 

18 

3.54 

822 

18 

4.60 

19 

2.37 

620 

19 

3.71 

886 

19 

4.98 

20 

2.49 

639 

20 

3.93 

940 

20 

4.65 

21 

2.62 

660 

21 

4.57 

1,019 

21 

4.53 

22 

2.99 

723 

22 

6.94 

1,566 

22 

4.47 

23 

2.68 

670 

23 

a  79 

1,880 

23 

4.32 

24 

2.65 

'664 

24 

6.77 

1,874 

24 

4.40 

25 

2.40 

625 

25 

ao2 

1,595 

25 

4.19 

26 

2.43 

630 

26 

5.35 

1,365 

26 

4.06 

27 

2.29 

609 

27 

4.96 

1,240 

27 

8.90 

28 

2.48 

637 

28 

4.82 

1,196 

28 

8.63 

29 

8.36 

805 

29 

6.02 

1,259 

29 

3.63 

30 

3.84 

918 

30 

4.79 

1,185 

80 

8.70 

31 

3.54 

846  ! 

81 

4.36 

1,057 

31 

8.47 

22,946 

31,772 
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Totals  for  the  months  and  year. 


1877. 


Jmwrj  . 
FebruuT 
Muth... 

i-pril.... 

Maj 

June 

.^nly 


Cubic  feet. 


17.500, 
18, 491, 
93,253, 
110,  247, 
45.374, 
20,907, 
25, 475, 


000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 


1877. 


Angust  — 
September 
October . . . 
November 
December. 

Total 


Cubic  feet. 


22.946,000,000 
18,  089, 000, 000 
31, 772.  000,  000 
75,  825,  000,  000 
46,  382,  000,  000 


526,  261, 000,  000 


Uttbk  tkowing  the  number  of  days  in  1877  that  the  average  for  the  day  at  Hartford  was  above 

a  given  height. 


Height 

No.  of 
days. 

Height. 

No.  of 
days. 

Height. 

No.  of 
days. 

Height. 

No.  of 
days. 

J15UABT. 

21  feet  and  over. . 

2 

0  feet  and  over. . . 

2 

2  feet  and  over. 

28 

1  22  feet  and  over. . 

2 

3  feet  and  over.. 

26 

1  foot  and  over. . . 

31 

JUNK. 

4  feet  and  over.. 

15 

^  feet  and  over. . . 

15 

APRIL. 

5  feet  and  over.. 

6 

1  foot  and  over. . . 

30 

6  feet  and  over.. 

3 

RBBUABT. 

1  foot  and  over.. 

30 

2  feet  and  over. . . 

30 

2  feet  and  over.. 

30 

3  feet  and  over. . . 

10 

MOVEMBEB. 

"B  foot  and  over. . . 

28 

3  feet  and  over. . 

30 

1  foot  and  over. . 

30 

"2  feet  and  over. . . 

27 

4  feet  and  over.. 

30 

JULY. 

2  fpipit  And  over  . 

30 

3  feet  and  over. . . 

2 

5  feet  and  over. . 

30 

1 

3  feet  and  over. . 

4  feet  and  over. . 

30 

6  feet  and  over. . 

30 

i  1  foot  and  over. . . 

31 

30 

MABCH. 

7  feet  and  over. . 

30 

2  feet  and  over... 

31 

5  feet  and  over.. 

6  feet  and  over. . 

7  feet  and  over. . 

8  feet  and  over. . 

9  feet  and  over. . 
1 0  ft*t^t,  And  over 

28 

8  feet  and  over. . 

80 

3  feet  and  over... 

14 

25 

18 

17 
11 

^footandorer. .. 

31 

9  feet  and  over. . 

25 

1  4  feet  and  over. . . 

8 

2  feet  and  over. . . 

31 

10  feet  and  over. . 

18 

5  feet  and  over... 

4 

S  feet  and  over. . . 

30 

11  feet  and  over. . 

11 

6  feet  and  over... 

1 

-4  feet  and  over. . . 

29 

12  feet  and  over. . 

7 

5 

•5  feet  and  over... 

26 

13  feet  and  over.. 

4 

AUGUST. 

11  feet  and  over.. 

12  feet  and  over.. 

13  feet  and  over.. 

14  feet  and  over.. 

4 

<  feet  and  over... 

17 

14  feet  and  over. . 

2 

3 

"Z!  feet  and  over. . . 

12 

15  feet  and  over.. 

1 

1  foot  and  over. . . 

31 

2 
1 

^  feet  and  over... 

10 

16  feet  and  over. . 

1 

2  feet  and  over. . . 

31 

S^feetandover. .. 

10 

17  feet  and  over.. 

1 

3  feet  and  over. . . 

7 

X«Ofeet  and  over... 
■U  feet  and  over. . . 

9 

MAT. 

[  4  feet  and  over. . . 

2 

DECEMBER. 

i2  feet  and  over. . . 

BEFTKMBER. 

1  foot  and  over.. 

31 

X3  feet  and  over. . . 

1  foot  and  over. . 

31 

2  feet  and  over.. 

31 

2  4  feet  and  over. . . 

2  feet  and  over. . 

31 

1  foot  and  over. . . 

30 

3  feet  and  over.. 

31 

X-5  feet  and  over. . . 

3  feet  and  over. . 

31 

2  feet  and  over. . . 

14 

4  feet  and  over.. 

26 

X€  feet  and  over... 

4  feet  and  over.. 

28 

3  feet  and  over... 

2 

5  feet  and  over.. 

15 

17  feet  and  over.. - 

5  feet  and  over. . 

13 

6  feet  and  over.. 

12 

li?  feet  and  over. . . 

6  feet  and  over.. 

8 

OCTOBER. 

7  feet  and  over. . 

6 

Ifl  feet  and  over. .. 

3 

7  feet  and  over  . 

6 

8  feet  and  over. . 

3 

^0  feet  and  over... 

3 

8  feet  and  over  . 

4 

1  foot  and  over... 

31 

9  feet  and  over.. 

2 

Totals  for  the  year  from  January  1  to  December  31, 1877. 


Total  for  twelve  montha. 

Total  for  twelve  months. , 

Total  for  twelve  months. 

Total  for  twelve  months. 

Heigjit 

No.  of 
days. 

Height 

No.  of 
days. 

Height 

1 

No.  of 
days. 

Height 

No.  of 
days. 

Hoot  and  over. 

2  feet  and  over.. 

3  feet  and  over. . 

4  feet  and  over.. 

5  feet  and  over. . 
«  feet  and  over.. 

365 
329 
213 
168 
122 
96 

7  feet  and  over  . 

8  feet  and  over.. 

9  feet  and  over  . 

10  feet  and  over.. 

11  feet  and  over. . 

12  feet  and  over. . 

72 
64 
50 
32 
24 
17 

13  feet  and  over  . 

14  feet  and  over.. 

15  feet  and  over.. 

16  feet  and  over. . 

17  feet  and  over. . 

10-' 

5 

18  feet  and  over.. 

19  feet  and  over.. 

20  feet  and  over. . 

21  feet  and  over. . 

22  feet  and  over.. 

4 
3 
3 
2 
2 

f 
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AI^T^nJAL   EEPOET    OF  MAJOR  J.  W.  BABLOW,  CORPS    OF 
ENGINEERS,  FOR  THE  FISC ALYE AR  ENDING  JUNE  30, 1878. 

Engineeb  Office,  United  States  Aemy, 

New  London^  Conn.y  July  13, 1878. 

Genebal  :  I  have  the  honor  to  transmit  herewith  the  reports  of  river 
and  harbor  works  in  my  charge  for  the  fiscal  year  ending  June  30, 1878. 

Very  respectfully,  your  obedient  servant, 

J.  W.  Bablow, 
Major  ofUngineerSj  17,  8.  A. 

Brig.  Gten.  A.  A.  Humphbeys, 

Chief  of  Engineers^  U.  8.  A. 


Ci. 

mPBOVEMENT  OF  STONlNGTON  HABBOR,  CONNECTICUT. 

There  being  no  appropriation,  the  improvement  of  this  harbor  was 
impended  during  the  past  fiscal  year. 

The  importance  of  completing  the  breakwater,  designed  as  a  protec- 
tion both  to  the  local  commerce  of  the  harbor  and  to  passing  vessels, 
in  stress  of  weather,  has  been  discussed  and  acknowledged,  and  it  is 
bat  necessary  to  refer  to  previous  reports  on  this  subject. 

The  present  plan  of  improvement  was  adopted  by  the  Board  of  Engi- 
neers convened  to  investigate  the  whole  question,  and  received  the  ap- 
proval of  the  department ;  the  proce^ings  of  the  board  appearing  in 
the  Annual  Report  of  the  Chief  of  Engineers  for  1876. 

Ab  stated  in  the  report  for  1877  an  appropriation  of  $25,000  has  been 
expended  toward  executing  this  project. 

Previous  appropriations  had  been  devoted  to  the  removal  of  Penguin 
Shoaly  in  order  to  facilitate  the  entrance  of  vessels  to  the  inner  harbor, 
and  to  extend  the  area  of  that  anchorage-ground. 

The  increased  depth  of  water  thus  gaineid  allows  a  heavy  sea  swell  to 
i^h  the  upper  harbor,  to  the  annoyance,  at  times,  of  vessels  lying  at  the 
docks. 

The  completion  of  the  breakwater  off  Wampassett  Point  will  no  doubt 

largely  prevent  this ;  but  its  chief  office  will  be  found  in  the  protection 

horded  to  the  general  commerce  of  the  sound,  inasmuch  as  a  secure 

liarbor  of  refuge  will  be  obtained  at  the  extreme  eastern  end  of  Fisher's 

bland  Sound,  where  coasting  vessels  can  find  shelter  during  storms,  and 

'thence  they  can  inmiediately  reach  the  open  sea.    With  the  present 

appropriation  it  is  proposed  to  carry  on  the  construction  of  the  break- 

w%ter  as  far  as  the  fimds  will  permit.    At  the  present  low  prices  for 

riprap  granite,  it  is  hoped  that  a  length  of  about  600  linear  feet  can  be 

added. 
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In  the  original  design  there  was  provision  for  a  coping  of  heavy  stone. 
This  coping  has  been  omitted  from  the  section  already  built,  and  thos 
far  no  necessity  is  seen  for  adding  it.  A  great  saving  will  result  from 
dispensing  with  it  altogether,  and  it  is  recommended  that  until  it  shall 
be  found  necessary  the  coping  be  omitted. 

The  following  amounts  have  been  appropriated  for  the  improvement 
of  this  harbor: 

March  3,  1873,  dredging  between  old  breakwater  and  steamboat  docks. ..  |^,  OOO  00 

June  23,  1874,  dredging  on  Penguin  Shoal 20,000  00 

March  3,  1875,  commencement  of  breakwater  off  Wampaasett  Point 25,000  (lO 

June  18,  1878,  continuing  breakwater  off  Wampassett  Point 40, 000  00 

Estimate  of  June,  1875,  wr  executing  approred  project 231 ,  000  00 

Stonington  is  a  port  of  entry  for  the  Stonington  collection  district.  There  is  a  light- 
house on  Stonington  Point,  and  a  light-ship  2  miles  southwest  of  Wampassett  Point 
Fort  Trumbull  is  12  miles  distant. 

The  following  statistics  have  been  received  from  Capt.  George  Hubbard^ 
collector  of  customs : 

Number  of  foreign  vessels  arrived  from  foreign  ports 1 

Number  of  foreign  vessels  cleared  for  foreign  ports 1 

American  vessels  arrived  from  foreign  port« i 

American  vessels  cleared  for  foreign  ports t 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal 

year  ending  June  30, 1878 63J 

Total  tonnage ^ 1, 079,  lc» 

Estimated  value  of  cargoes  received 1:22,378,440 

Estimated  value  of  cargoes  exjwrted ^1,940,009 

Number  of  vessels  of  all  classes  entering  the  harbor  for  refuge  during  the 

year 2,250 

Number  of  vessels  passed  li^ht-ship    21,430 

Draught  of  vessels  using  this  harbor,  from  3  to  14  feet. 

COLLECTIONS. 

Duties  on  imports - |206  42 

Hospital  tax 787  36 

Miscellaneous  receipts 639  86 

1,633  M 

Money  statement 

July  1,  1877,  amount  available $44  63 

Amount  appropriated  by  act  approved  June  18, 1878 40, 000  00 

$40,044  63 

July  1,  1878,  outstanding  liabilities 40  OO 

July  1,  1878,  amount  available 40,004  63 

Amount  (estimated)  required  for  completion  of  existing  project 166, 536  00 

Amount  that  can  be  profatably  expended  in  fiscal  year  ending  June  30, 1^  .      75, 000  OO 


C  2. 

IMPROVEMENT  OF  THAMES  RIVER,  CONNECTICUT. 

Since  the  expenditure  of  the  appropriation  made  in  1872  for  dredging^ 
no  work  has  been  done  on  this  improvement. 

The  plan  then  completed  provided  for  the  excavation  of  a  channel  1(K 
feet  wide  and  11  feet  deep  at  mean  low-water  through  the  shoals  obstruct/ 
ing  the  river  at  frequent  mtervals  between  the  city  of  Norwich  and  Iib. 
dian  Point,  about  3  miles  below. 

Since  the  completion  of  this  work  freshets  in  the  upper  tributaries 
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have  brought  down  additional  material,  which  has  been  deposited  as 
before. 

These  facts  were  presented  in  my  letter  of  February  3, 1877,  and  in  the 
annual  report  for  that  year  an  appropriation  of  $6,000  was  requested 
with  which  to  make  an  examination  of  the  shoals  and  to  commence 
dredging. 

Congress  at  the  last  session  directed  an  examination  of  this  river  to  be 
made  under  the  general  appropriation  for  "examinations  and  surveys," 
&c.,  and  also  appropriated  $10,000  for  improving  the  river. 

Under  the  above  authority  the  necessary  surveys  for  the  preparation 
of  estimates  of  cost  of  improvement  have  been  made,  and  a  map  is  now 
in  process  of  construction  to  be  fon^^arded  a«  soon  as  completed. 

From  the  examination  it  is  found  that  the  river  since  1872  has  shoaled 
nearly  the  entire  length  of  the  dredged  channel,  a  distance  of  about  3 
mfles.  The  depth  at  mean  low- water  where  the  deposits  have  occurred 
now  varies  from  8  to  11  feet,  and  on  the  Middle  Ground  near  Norwich 
the  depth  is  but  5  feet. 

It  is  believed  that  a  large  portion  of  this  deposit  is  brought  from  the 
adjoining  dumping-grounds  which  are  washed  by  the  current  of  the  river 
during  freshets.  This  consideration,  together  with  the  difficulties  at- 
tending a  further  deposit  of  material  at  the  sides  of  the  river  beliind  the 
ving-dams,  has  led  to  the  determination  to  abandon  those  dumping- 
groimds  and  rely  upon  transporting  the  dredged  material  below  the 
mouth  of  the  river.  The  towage  will  be  long,  about  14  miles,  but,  every- 
thing considered,  it  is  believed  this  method  of  disposing  of  the  material 
vill  finally  prove  most  economical. 

A  communication  from  citizens  of  Norwich,  a  copy  of  which,  with  ac- 
companying statistics^  is  added  to  this  report,  presents  the  importance 
of  improving  the  navigation  of  this  river,  and  urges  the  adoption  of  a 
depth  greater  than  was  given  by  the  plan  executed  in  previous  years. 
In  consideration  of  the  fact  that  the  mean  rise  and  fall  of  tide  in  this 
part  of  the  river  is  but  3.1  feet,  a  depth  of  14  feet  at  mean  low- water 
would  afford  no  better  facilities  lor  navigation  than  11  feet  at  many  har- 
bors on  the  sound,  where  the  tidal  variation  is  much  greater. 

Following  are  estimates  for  dredging  in  this  section  of  the  river  under 
the  two  plans  considered : 

1st.  To  make  the  channel  from  Indian  Point  to  Norwich  100  feet  wide  and  11  feet 
deep  at  mean  low- water  will  require  the  removal  of  132,000  cubic  yarda  of  material,  at 
30  cent*  per  yard,  $39,600. 

2d.  To  excavat«  a  channel  of  same  width  to  a  depth  of  14  feet  at  mean  low-water 
would  require  the  removal  of  300,000  cubic  yards,  at  25  cents  per  yard,  $75,000. 

The  lower  rate  for  dredging  under  the  second  plan  is  based  on  the 
fact  that  this  depth  will  give  a  better  working  face,  and  the  supposition 
that  the  annual  expenditures  will  be  larger  than  under  the  first  plan. 

With  the  sum  now  available  it  is  not  considered  expedient  to  attempt 
a  greater  depth  than  11  feet,  and  it  is  proposed  to  expend  these  funds 
in  dredging  at  the  shoalest  places,  with  a  Aiew  to  the  immediate  wants 
of  navigation.  I  would,  however,  recommend  to  favorable  consideration 
the  second  plan,  to  be  carried  into  execution  under  future  appropriations. 

The  following  sums  have  been  appropriated  for  the  improvement  of 
tiuB  river : 
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Expended  for  wing-dams : 

1836 110,000  00 

1837 20,000  00 

1838 10,000  00 

Expended  for  dredging : . 

18(56-'67 82,000  00 

1871 15,00000 

1872 10,000  00 

1878 - 10,000  00 

157, 000  00 

Following  are  the  communications  and  statistics  above  mentioned. 


COMMERCIAL  STATISTICS. 

Norwich,  July  11, 1878. 

Sir  :  The  nndersi^ed  citizens  of  Norwich,  learning  that  you  have  in  charee  th? 
expenditure  of  the  |10,000  appropriated  by  Congress  at  its  recent  session  for  the  im- 
provement of  the  river  Thames,  would  respectfolly  represent  that  for  the  purpose  of 
Erotecting  and  advancing  the  commercial  interests  of  the  city  of  Norwich  it  is  vitAUj 
nportant  that  the  navigation  of  the  river  Thames  should  be  immediately  improved. 

This  can  only  be  done  by  deepening  the  channel  of  said  river  where  it  is  less  than 
14  feet  in  depth,  as  it  is  in  many  places  between  the  wharves  of  said  city  and  the  iiaTy* 
yard,  on  the  east  bank  of  said  river,  and  at  certain  points  widening  the  same. 

There  are  several  lines  of  steam  and  sail  vessels  constantly  plying  between  the  city 
of  Norwich  and  foreign  and  domestic  x>orts.  Said  city  is  also  constantly  visited  by 
transient  vessels.  Many  vessels  are  engaged  in  the  importation  of  West  India  ^oods 
and  other  descriptions  of  merchandise,  and  in  the  exportation  of  large  quantities  of 
American  products,  and  coasting- vessels  are  busy  in  bringing  to  Norvrich  large  sap- 
plies  of  cotton,  lumber,  coal,  iron,  flour,  grain,  and  provisions  of  all  descriptions, 
which  articles  are  carried  into  the  interior  by  railroads  and  distributed  not  only 
through  Connecticut,  but  to  very  many  of  the  cities  and  manufacturing  towns  of  New 
England. 

It  may  be  important  to  state  the  fact  that  fully  90  per  cent,  of  the  duties  received  st 
New  London  for  this  collection-district  is  paid  b^  Norwich  merchants.  We  also  sub- 
mit with  this  communication  certain  statistics  which  corroborate  in  part  the  stateuienta 
which  we  have  ma<le. 

(Signed  by  H.  H.  Osgood,  Mayor y  city  of  Norvncky  and  sixty-six  others.) 

Col.  J.  W.  Barlow, 

Corps  of  Engineers,  U,  S.  A, 


STATEMENT    OP    MERCHANDISE    RECEIVED    BY  THE    NORWICH    AND  WORCESTER  RAIL- 
ROAD AT  THEIR  DOCKS  IN  NORWICH    FOR  YEAR  ENDING  J«AY  30,    1878. 

Three  hundred  and  seventy-five  vessels  coal,  sand,  steel,  Ac,  115,000  tons.  Aver- 
age 300  tons  burden ;  40,000  tons  promiscuous  freight ;  cotton,  wool,  rags,  flour,  <&c, 
40,000  tons. 

We  receive  vessels  at  Allyn*s  Point  "  with  coal  principally  **  7  miles  below  with  12,  K 
and  15  feet  draught  of  water,  which  would  come  to  Norwich  if  depth  of  water  would 
permit,  thereby  receiving  greater  dispatch  and  increasing  the  volume  of  coal-carrying 
business  which  is  driven  to  other  routes  in  consequence  of  not  being  able  to  charter 
carrying  craft  of  proper  draught  of  water  for  Norwich. 

There  is  received  here  by  dealers  in  coal  and  lumber,  brick,  &c.,  as  follows:  100,000 
tons  of  coal,  ftx)m  2,000,000  to  4,000,000  feet  of  lumber,  and  2,000,000  brick  and  over, 
and  other  merchandise,  such  as  flour,  grain,  and  feed,  which  cannot  be  accurately 
estimated,  but  will  count  in  aggregltte  very  largely,  and  amount  to  a  great  many  thou- 
sand tons. 

Geo.  a.  Harris, 

FreighiAgesl 

STATEMENT  OF    MESSRS.  J.   M.   HUNTINGTON  A  CO.,  NORVTICH,   CONN.,  JULY,  1878. 

Average  cargoes  from  foreign  ports  yearly,  16.     Amounts  in  hogsheads  sugar  wi^ 
molasses  imported  into  district  of  New  Liondon  fully  5,000 ;  other  imports,  some  500  ton^ 
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EXPORTS. 

eragc  11  to  12  outward  cargoes  of  nearly  all  American  produce,  such  as  flour, 
I,  provisions,  and  cooper  stocks,  cotton  fi^oods,  and  also  about  200  tons  foreign  rice; 
age,  four  ytsars.  Coastwise  they  annually  receive  2,000  tons  coal ;  scrap-iron,  ore 
[y  SLC.y  2,000  tons,  and  ship  from  their  mill  about  12,000  tons  iron  yearly.  They  pay 
r  90  per  cent,  of  the  duties  received  in  the  district ;  average  four  years  over  $t)0,000, 
3  years  over  $80,000.  Have  the  only  bonded  warehouse  in  the  district,  and  have 
Q  wharf-room  and  water-front  than  any  private  firm  in  the  district. 

J.  M.  Huntington  &  Co. 

fy  attention  has  been  called  to  a  recently  established  channel  of 
imerce  through  New  London  Harbor,  including,  at  the  terminus  of 
New  London  Northern  Eailroad,  extensive  wharf  accommodations. 
ich  have  been  built  as  a  connecting  link  between  certain  railroaa 
^  and  ocean  transjiortation. 

L  petition  emanating  from  resjyonsible  business  firms  of  New  London 
I  Norwich,  a  copy  of  which  follows,  sets  forth  the  desirability  of  im- 
►ving  this  channel  of  communication  by  the  removal  of  certain  rocks 
¥  impeding  navigation. 

PETITION. 

New  London,  Conn.,  «/«7.y  1,  1878. 

tR :  The  undersized,  interested  in  commerce  and  navigation  in  and  about  New 
kdoii,  Conn.,  desire  to  call  your  attention  to  the  existence  in  the  river  Thames  near 
lar^  wharf  in  New  London,  lately  built  by  the  New  London  Northern  Railroad 
ipany,  of  sundry  single  rocks  or  bowlders  at  the  bottom  of  the  river,  covered  by 
more  than  9  feet  of  water  at  low  tide,  and  so  situated  as  to  be  impediments  to  the 
;  navigation  of  the  river  at  that  point. 

liis  wharf  has  been  built  at  a  cost  of  $175,000,  has  an  area  of  more  than  4  acres, 
i  nearly  one-half  mile  of  wat^ir  frontage,  part  of  which  is  obstructed  by  these  rocks 
to  it«  approaches. 

Ilia  wharf,  by  means  of  the  railroad  connections  of  the  New  London  Northern  Rail- 
d,  brings  better  tide-water  facilities  to  a  large  portion  of  New  England  than  are  to 
had  elsewhere.  To  us  it  seems  that  the  aid  of  the  government  may  be  fairly 
oked  for  the  clearance  of  these  obstructions,  and  we  respectfully  request  you  to 
ke  an  examination  of  the  premises,  with  a  view  to  recommending  such  action  by 
government  as  may  seem  to  you  reasonable  and  called  for  on  public  considerations. 
Re»x>ectfuny,  yours, 

C.  A.  Williams  &  Co.,  and  others. 
)ol.  J.  W.  Barlow, 

Carps  of  EngineerSf  U.  8,  A, 

In  response  to  this  petition  an  examination  of  the  locality  in  question 
s  been  made  and  the  facts  as  stated  verified. 

The  wharf  is  certainly  a  magnificent  stnictnre,  of  vast  proportions, 
imense  water  frontage,  and  thoroughly  built.  The  main  channel  of 
e  Thames  Eiver  with  a  depth  of  from  5  to  6  fathoms  flows  but  a  few 
indred  feet  east  of  it,  and  sufficient  water  has  been  provided  in  its 
imediate  vicinity. 

A  shoal  containing  bowlders  was  found  midway  between  the  river- 
lannel  and  the  wha^.  This  is  a  serious  obstacle  and  should  be  re- 
eved.   The  following  estimates  are  presented : 

To  remove  the  shoal  and  bowlders  to  a  depth  of  16  feet  at  mean  low- 
water  win  require  the  excavation  of  125  cubic  yards  of  bowlders,  at  $5 

per  yard $625  00 

7.000  cubic  ^ards  of  gravel  and  mud,  at  15  cents  per  yard ... ....  5, 550  00 

^  for  contingencies •....-....-.  ^....^..-..v ...^.^.r........       625  00 


6,800  00 


It  is  recommended  that  this  work  be  included  in  the  general  project 
for  unproving  the  Thames  Eiver,  and  the  above  sum  from  the  next 
ftppropriation  be  expended  in  its  execution. 
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SUMMARY    OF    ESTIMATES    RECOMMENDED    FOR    THE    IMPROVEMENT    OF    THE    THAMES 

RIVER. 

Dredging  channel  100  feet  wide  to  a  depth  of  14  feet  at  mean  low-water 

from  Indian  Point  to  Norwich $75, 000  00 

Removal  of  shoals  near  New  London  and  Northern  Railroad  wharf 6, 800  00 

Total 81,800  00 

Mr.  John  A.  Sibbits,  collector  of  customs  for  the  portof  ]^ew  London, 
in  presenting  the  following  statistics,  remarks : 

It  is  impossible  to  state  the  draught  of  water  or  the  number  of  vessels  of  all  classes 
entering  the  harbor  during  the  year.  I  can  state,  however,  from  observation,  that  fre- 
quently, in  heavy  weather,  from  100  to  150,  or  even  a  larger  number  of  vessels  seek 
refuge  in  this  harbor. 

I  would  also  state,  in  answer  to  your  inquiry,  that  in  my  judgment  further  harbor 
improvements  would  tend  to  the  increased  use  of  the  harbor  for  commercial  purposes 
generally. 

COLLECTIONS. 

Duties  on  imports $70, 820  63 

Tonnage  dues 585  90 

Hospital  tax 1,848  83 

Miscellaneous  receipts 1 4, 101  10 

77,356  46 

Number  of  foreign  vessels  arrived  from  foreign  ports 14 

Number  of  foreign  vessels  cleared  for  foreign  ports 10 

American  vessels  arrived  from  foreign  ports 19 

American  vessels  cleared  for  foreign  ports 10 

Total  numl>er  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal  year 

ending  June  30,  1878 84 

Total  tonnage  of  the  district  (193  vessels) tons. .       20, 134. 74 

Estimated  value  of  cargoes  imported $255, 987  92 

Estimated  value  of  cargoes  exported 75, 390  00 

• 

New  London,  near  the  mouth  of  the  Thames  River,  is  a  port  of  entry. 

Fort-8  Trumbull  and  Griswold,  near  the  mouth  of  the  river,  command  the  channel. 

The  New  London  light-house  is  situated  at  the  entrance,  on  the  west  shore. 

Money  statement 

Amount  appropriated  bv  act  approved  June  18,  1878 $10, 000  OO 

July  1,  1878,  amount  available 10,0(K)0(» 

Amount  (estimated)  required  for  com^detion  of  existing  project 81, 8(X)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  25, 000  00 


C3. 

IMPROVE^IENT  OF  NEW  HAVEN  HARBOR,  CONNECTICUT. 

No  work  has  been  done  at  this  harbor  during  the  past  fiscal  year,  as 
no  apx)ropriation  was  made  at  the  previous  session  of  Congi-ess. 

With  the  fiinds  appropriated  at  the  last  session,  the  channel  betweeu 
Fort  Hale  and  Long  Wharf  will  be  deepened  to  16  feet  at  mean  loir- 
wat^r,  and  widened  from  200  to  about  325  feet. 

This  improvement  will  afford  great  relief  to  the  shipping  interests- 
as  it  will  permit  an  increased  number  of  vessels  to  anchor  below  th^ 
wharves  without,  as  formerly,  impeding  the  passage  of  vessels  to  and 
from  the  upper  harbor. 

New  Haven  being  the  largest  city  in  Oonnecticut,  and  one  of  th^ 


memorial,  with  a4MM>mpaiiying  i)aper8,  wa»  priiit<Ml  as  Houae  Ex. 
o.  162,  Fortj-thinl  Congrofw,  second  session,  and  contaiiis  a  large 
t  of  valuable  mformation  relating  to  the  commercial  statistics  of 
laven. 

eferriug  to  the  arguments  therein  given,  I  respectfiilly  renew  my 
uendation  that  the  subject  receive  favorable  consideration.  As 
>or  of  refuge  its  position  renders  it  especially  desirable.  Being 
midway  between  Throg's  Neck  and  the  Thames  River  and  oppo- 
e  nidest  and  most  dangerous  jHirtiou  of  the  Sound,  a  breakwater 
ould  aflbrd  a  convenient  stopping  place  for  tliat  immense  and  in- 
ig  traffic  carried  ou  by  means  of  barges  ill  adapted  to  withstand 
Tfrity  of  the  storms  which  frequently  occur  on  the  Sound.  This 
if  commerce  has  grown  rapidly  during  the  past  few  years  and 
probably  receive  a  fresh  im]ietus  by  increasing  its  security  tlirough 
imion  of  frequent  safe  renting  places  along  its  routes, 
argument  has  been  advanced  that  a  breakwater  in  the  viciuity 
:ht  House  Point  would  so  eoncentrate  and  strengthen  tlie  ebb 
.  to  produce  a  material  scouring  eB'ect  on  the  bar  below  Fort  Hale. 
I  this  theory  prove  correct  the  conetniction  of  the  breakwater 
result  in  a  diminished  expenditure  for  dredging,  and  as  this  woidd 
It  that  part  of  the  harbor  where,  from  the  nature  of  the  deposit, 
nt  dre<lging  is  to  be  expected,  the  aggregate  saving  would  be  of 
miwrtance. 

mates  were  made  in  Januarj',  1875,  for  a  breakwater  at  the  mouth 
harbor  to  cost,  according  to  location,  from  1248,000  to  $465,000, 
r  enlarging  the  main  ship-channel  to  the  city,  depending  upon 
in  adopted,  from  $208,000  to  $41«,0«0. 

lid  these  plans  meet  with  approval,  it  is  recommended  that  work 
breakwater  be  undertaken  at  an  early  date,  and  tor  this  purpose 
tropriation  of  $100,000  could  be  profitably  expended  during  the 
seal  year. 

following  amounts  have  been  appropriated  for  the  improvement 
i  harbor  since  1866 : 
,  IWO 115, 000  00 
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COMMERCIAL  STATISTICS. 

The  collector  of  the  port  presents  the  following  letter  and  statistics: 

CusTOM-HousK,  New  Havkn,  Conn., 

Collector's  Office,  July  11, 187a 
Sir:  1 

•  •  •  #  •  •  cl 

In  reference  to  the  effect  of  the  further  improvement  of  the  harbor  I  haye  the  bom 
to  say  that  in  my  judgment  the  commerce  of  New  Haven  woold  be  very  largely  in- 
creased  within  a  few  years  if  the  channel  was  widened  and  the  sand-bars  removed, » 
that  larger  vessels  could  come  to  the  dock. 

The  importance  of  the  harbor  as  a  place  of  refuge  can  hardly  be  increased,  since  it 
is  eagerly  sought  now,  but  its  security  would  be  increased  by  a  breakwater,  and  there 
is  no  more  important  point  in  reference  to  the  security  of  vessels  than  this  in  the  Sound. 
Very  respectfully,  yours, 

Cyrus  Northbcp. 
J.  W.  Barlow, 

Major  of  Hfngimeers,  Brevet  lAeutenant-CoUmely  U,  S.  A. 

collections. 

Duties  on  imports |2d2,267  58 

Tonnage  dues 1,593  70 

Hospital  tax 2,102  36 

Miscellaneous  receipts 4,269  46 

290,233  10 

No.  of  foreign  vessels  arrived  from  foreign  ports • S 

No.  of  foreign  vessels  cleared  for  foreign  ports 17 

American  vessels  arrived  from  foreign  ports 49 

American  vessels  cleared  for  foreign  ports 19 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fis- 
cal year  ending  June  30,  1878 1,563 

Total  tonnage 1,091,459 

Estimated  value  of  cargoes  received $1,053,159 

Estimated  value  of  cargoes  export<ed • |3,568,741 

Draught  of  vessels  frequenting  the  harbor 10to20feei 

No.  of  vessels  of  all  classes  entering  the  harbor  for  refuge  during  the  year 

(estimated) 8,000 

Through  the  courtesy  of  a  number  of  persons,  the  following  informa- 
tion relating  to  the  commerce  of  Long  Island  Sound,  and  bearing  upon 
the  subject  of  a  harbor  of  refuge,  has  been  received. 

The  keeper  of  the  Bartlett's  Reef  light-ship  reports  the  following  ves- 
sels as  having  passed  the  reef  during  the  year  ending  June  30, 1878: 

Steamers 7,951 

Sloops 7,631 

Schooners 21,078 

Brigs 327 

Barks 143 

Ships 17 

Barges  in  tow 9H 

The  president  of  the  Providence  and  Stonington  Steamboat  CJompany 
estimates  the  value  of  merchandise  annually  transported  over  their  two 
lines  to  be  from  $93,000,000  to  $124,000,000. 

The  agent  of  the  Fall  Eiver  line  of  steamers  estimates  tlie  value  of 
merchandise  annually  carried  by  that  line  to  be  $36,000,000. 

The  general  manager  of  the  Export  Lumber  Company  of  New  York 
City  gives  the  number  of  cargoes  of  lumber  arriving  at  that  city  througli 
Long  Island  Sound  as  follows : 

For  1874,  867.  For  1875,  916.  For  1876,  755.  For  1877,  808. 
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These  cargoes  are  estimated  at  firom  150,000  to  175,000  feet  each ;  also, 
f  coal  and  plaster,  100  cargoes  per  annum  of  about  250  tons  each. 

Cai)t.  C.  H.  Townsend,  of  New  Haven,  estimates  the  quantity  and 
alue  of  coal,  iron,  and  fish  annually  carried  through  the  Soimd  as  fol- 
3ws: 

foal,  2,000,000  tone,  valued  at $9,000,000  00 

ron,  valued  at 5,000,000  00 

ish  (shell  and  scale),  valued  at 7,500,000  00 

Messrs.  De  Forrest  &  Hotchkiss,  lumber-merchants  of  New  Haven, 
resent  the  following  estimate : 

Lumber  received  at  New  Haven,  through  the  Sound,  during  the  last  ten  years,  from 
),00O,0UO  to  50,000,000  feet  annually,  valued  at  $1,000,000. 

The  New  York  and  New  Haven  Steamboat  Company  estimate  the 
ahie  of  merchandise  transported  by  their  line  at  $60,000,000  to 
75,000,000  annually. 

P.  P.  Avery,  esq.,  ship-chandler  at  New  Haven,  estimates,  by  reference 
>  memoranda  in  his  possession,  the  number  of  vessels  arriving  at  New 
Aven  as  follows: 

'  sail-vessels  per  day 3,650 

barks  in  tow,  per  day 1,825 

steamers,  per  day 1,919 

7,394 

The  following  "  Return  of  vessels  which  have  passed  by  or  in  vicinity 
•  lighthouse  on  Southwest  Ledge  during  the  year  ending  30th  day  oi 
line,  1878,"  is  presented  by  Mr.  E.  Thompson,  principal  light-keeper: 


Shipfi. 

Barks. 

Brigs. 

Schooners. 

Sloops. 

Steamers. 

Total. 

25 

31 

200 

5,614 

1,745 

4,181 

10, 378 

These  statements  are  only  a  partial  exhibit  of  the  commerce  of  the 
ound,  as  a  number  of  steamboat  lines  are  not  mentioned,  and  but  a  frac- 
on  of  the  traffic  carried  on  by  sailing-vessels  and  barges  is  indluded. 
In  this  connection  it  is  pertinent  to  again  refer  to  the  report  on  New 
[aven  Harbor  printed  as  House  Ex.  Doc.  No.  162,  Forty-third  Congress, 
3eond  session,  and  to  invite  attention  to  the  facts  and  conclusions  pre- 
jnted  by  the  Hon.  H.  G.  Lewis,  mayor,  in  his  letter  dated  February  5, 
875. 

Ilie  ^iew8  of  Prof.  W.  P.  Trowbridge  and  Capt.  C.  H.  Townsend, 
>gether  with  other  information  therein,  will  be  found  of  special  interest 
1  their  bearing  ui)on  the  statistics  of  this  harbor,  and  the  desirability 
f  its  further  improvement. 


Motley  statement 

uly  1,  1877,  amount  available t2,«12  23 

Lmoant  appropriated  by  act  approved  June  18,  1878 25, 000  00 

f uly  1,  1878,  amount  expended  during  fiscal  year 467  61 

rulyl,  1878,  outstanding  Uabllities 200  00 


$27, 612  23 


667  61 


July  1,  1878,  amount  available 26,944  62 

Amount  (estimated)  required  for  completion  of  existing  project: 

Breakwater , 400,000  00 

Diedffing 1^0,006  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  100, 0010  00 
26  E 
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C  4. 

IMPROVEMENT  OF  MH^FORD  HARBOR,  CONNECTICUT. 

With  the  exception  of  slight  repairs  upon  the  long  jetty,  no  work  has 
been  done  by  the  government  during  the  piist  year  at  this  harbor.  The 
improvements  pre\'iously  made  remain  in  about  the  same  condition  as 
at  the  date  of  the  I'Ast  annual  report,  and  the  dredged  channel  from  the 
vicinity  of  Mr.  William  Merwin's  wharf  to  the  Sound  retains  its  depth  and 
proves  of  great  a^lvantage  to  the  local  interest  of  Milford.  It  also  afibnls 
convenient  anchorage-ground  in  bad  weather  for  fishing-smacks  and : 
other  vessels  of  light  draught. 

Mr.  Merwin,  a  resident  of  Milford,  states  that  the  local  commerce  of! 
Milford  was  about  the  siime  during  the  past  year  as  in  prece4ling  years,  i 
but  that  the  outer  bay  has  been  much  more  freely  used  a«  an  ancliorage- 
ground  than  fonnerly,  owing  to  the  opjiortunity  afforded  by  the  dredged 
channel  for  vessels  to  reach  tli^  inner  haibor  in  ca^se  of  sudden  storms, 
and  adds : 

It  is  of  vast  importance  to  cominerce  that  the  breakwater  be  bailt  oft*  Welch's  Point; 
we  wouhl  theu  have  the  best  harbor  ou  the  Sound. 

In  previous  reports  reference  ha«  been  made  to  the  convenience  of  ] 
this  bay  as  a  harbor  of  refiige  for  light  vessels  should  it  be  protected  by  t 
a  breakwater  at  Welch's  Point,  and  estimates  were  given  in  1871,  modi-  \ 
fied  in  the  report  for  la^st  year.  i 

This  work  can  be  built  for  $45,000,  and,  beside  serving  to  cover  anchor-  i 
age  now  exposed  to  easterly  and  southerly  storms,  would  effectually 
l)rotect  the  bluff's  above  from  erosion,  and  prevent  the  d6hri^  fit)m  wash- 
ing into  the  channel. 

With  the  appropriation  for  the  next  fiscal  year  it  is  projwsed  to  con- 
tinue the  dredged  channel  to  the  town  wharf,  and  to  complete  the  long 
jetty  now  nearly  finished. 

The  following  sums  have  been  appropriated  for  the  improvement  of 
this  harbor : 

June  23,  1874— Construction  of  jetttien  at  Welch's  Bluffs $5, 000  00 

March  3,  1875 — Long  jetty  at  mouth  of  Indian  River  and  dredging 13, 000  00 

June  18,  1878 10,000  00 

28,000  00 

Estimatee  of  1872  for  improving  this  harbor 85,000  00 

Additional  estimate  of  1876  for  continuing  dredging 8,00000 

Milford  is  in  the  New  Haven  collection-district.  New  Haven  being  the  nearest  port 
of  entry.     Amount  of  revenue  collected  for  past  fiscal  year,  $290,233.10. 

Money  sfuf^nent 

July  1,  1877,  amount  available $445,  84 

Amount  appropriated  by  act  approved  June  18,  1878 10,  000  00 

110,445^ 

Julj  1,  1878,  amount  expended  during  fiscal  year 313  ^ 

July  1,  1878,  amount  available 10,132  ^ 


Amount  (estimated)  required  for  completion  of  existing  i)roject 45,  OOO  ^ 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending*  Juno  30, 1880 .       45,  CKW   ' 


APPENDIX   C.  403 

C5. 

IMPROVEMENT  OF  HOUSATONIC  RIVER,  CONNECTICUT. 

The  improvement  of  this  river  has  consisted  in  the  relhoval  of  bars 
rmed  by  the  winter  and  spring  freshets.  Of  these  the  most  trouble- 
une  is  that  known  as  Drew's  Bar,  near  the  west  bank  of  the  river,  and 
K)ut  4  miles  below  Derby. 

The  constant  recurrence  of  this  obstruction  is  owing  to  the  iK)sition  of 
jmall  rock  which  formerly  lay  directly  in  the  channel  with  good  water 
either  side.  The  rock  being  a  serious  obstacle,  it  was  desirable  to 
nove  it  or  change  the  i)osition  of  the  channel.  The  latter  plan  being 
3med  least  exx)en8ive  was  adopted,  and  in  1872  a  jetty  connecting  the 
ik  with  the  west  shore  was  built. 

is  stated  in  the  annual  report  for  1877,  the  bar  has  been  dredged  off 
IT  times  since  the  construction  of  the  jetty.  It  is  now  proposed  to 
certain  the  cost  of  the  removal  of  the  jetty  together  with  the  rock,  and, 
raid  such  cost  be  found  not  excessive,  to  present  at  an  early  day  a 
gect  and  estimate  for  the  work.  A  reconnaissance  of  the  river  will 
made  as  soon  as  i)ossible,  when  the  position  at  Drew's  Rock  and  Bar 
1  be  carefully  examined  with  a  view  to  the  above  project. 
!^o  improvement  has  yet  been  attempted  upon  the  bar  at  the  mouth  of 
\  river,  where  the  least  depth  at  mean  low- water  last  season  was  but  4 
t.  It  has  hitherto  been  considered  that  a  permanent  channel  through 
8  bar  would  require  the  construction  of  one  or  more  jetties,  involving 
exi)ense  disproportioned  to  the  amount  of  commerce  likely  to  be  bene- 
5d.  XJi>on  a  further  study  of  the  subject  should  it  be  found  that  a  less 
5tly  method  can  be  appUed  to  advantage,  corresponding  plans  and  es- 
lates  wiD  be  present€Kl  for  consideration.  It  is  certainly  very  desirable 
improve  the  condition  of  the  entrance  to  tliis  river  if  it  can  be  accom- 
shed  within  reasonable  limits  as  to  expense. 

rhe  following  appropriations  have  been  made  for  the  improvement  of 
is  river: 

Jch3,  1871 115,000  00 

ne  10, 1872 15,000  00 

ffch3,  1873 10,000  00 

ne  23, 1874 10,000  00 

irchS,  1875 5,000  00 

me  18, 1878 5,000  00 

Total 60,000  00 

No  general  plan  for  this  improvement  has  been  made,  esriraates  having 
«€ii  presented  from  year  to  year  to  remove  bars  formed  by  winter  and 
pring  freshets. 

Hoimatonic  River  is  the  dividiuc  line  l^etween  New  Haven  and  Fairfield  collection 
tocts.  Amount  of  revenue  collected  during  the  year  ending  June  30,  1878,  was  at 
Bridgeport  $4^561.69. 

There  is  a  light-house  on  Stratford  Point  at  the  mouth  of  the  river,  and  on  Stratford 
^oal  midway  l>etween  the  north  and  south  shores  of  the  8oun<l. 

The  nearest  defensive  work  is  Fort  Hale,  New  Haven  Harhor,  13  miles  distant. 

The  following  statistics  relating  to  the  commerce  of  this  river  have 
feen  received : 

Total  nuniher  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal  year  end- 
ing June  30,  1878,  126;  total  tonnage,  25,200;  estimated  value  of  cargoes  received, 
|110,000;  eMimat<Ml  value  of  cargoes  exported,  $5,000;  draught  of  water,  7  feet. 

Number  of  vessels  of  all  classes  entering  the  harbor  for  refuge  during  the  year,  50. 
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Money  statement  j 

July  1,  1877,  amonnt  available |17  73 

Amouut  appropriated  by  act  approved  Juue  18,  1878 5,000  00 

July  1,  1878,  amouut  available 5,017  73 

Amouut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880. .    5,000  00 


C  6. 

IMPROVEMENT  OF  BRIDGEPORT  HARBOR,  CONNECTICUT. 

During  the  last  fiscal  year  the  appropriation  of  $10,000,  made  by  act 
of  Congress  approved  August  14, 1876,  was  applied  to  deepening  and  , 
widening  the  upi>er  part  of  the  harbor  from  the  steamboat- wharf  to  the 
lower  bridge. 

A  contract  at  rates  extremely  favorable  to  the  government,  viz,  8J 
cents  per  cubic  yard  for  material  removed  and  deposited  in  the  sound, 
was  made  with  the  Messrs.  Beaixlsley,  of  Bridgeport.  Work  was  begun 
in  July,  1877,  and  completed  in  the  following  September. 

As  a  result  of  this  (hredging,  the  9-foot  chamiel  has  been  widened  to 
450  feet,  gi^eatly  facilitating  the  movements  of  vessels  and  adding  much 
needed  space  to  the  anchorage  in  this  part  of  the  haibor. 

With  a  portion  of  the  appropriation  made  at  the  last  session  of  Con- 
gi*ess,  and  in  comi)liance  with  a  provision  of  the  act,  it  is  proposed  to 
devote  at  least  $5,000  to  the  excavation  of  a  channel.  100  feet  wide  and 
9  feet  deep  at  mean  low-water,  between  the  lower  bridge  and  the  horse- 
railroad  bridge,  and  with  the  balance  remaining  after  completing  tliis 
work  to  widen  the  12-foot  channel  fiom  the  sound  to  the  inner  beacon. 

The  following  amoimts  have  been  appropriated  for  the  improvement' 
of  Bridgeport  Harbor: 

March  .3,  1871— Breakwater |2O,OO0  00 

Juno  10,  ld72— Breakwater 40,000  00 

March  3,  1873— Dredging 30,00000 

June  Zi,  1874— Dredging 20,00000 

March  3,  1875— Diedging 15,000  00 

August  14,  1876— Dretlging 10,000  00 

June  18,  1878— Dredging 10,00000 

145, 000  W 
Estimate  of  1871  for  the  improvement  of  this  harbor,  $196,000. 
Bridgeport  is  the  port  of  entry  of  the  Fairtield  coUe^jtion  district ;  the  nearest  licW- 
house  is  at  the  entrance  of  the  harbor  on  the  west  side.     Fort  Hale,  New  Haveu  Har- 
bor, 16  miles  distant,  is  the  nearest  work  of  defense. 

COMMERCIAL  STATISTICS. 

The  following  letter  and  accompanying  statistics  relating  to  the  com- 
merce of  this  port  have  been  received: 

CUSTOM-HOUSE,  BniDOEPORT,  CONN., 

Collector's  Office,  July  10,  187B. 

Sir  :  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter  of  the  3d  instftJ**!; 
and  inclose  the  statement  requested.  The  estimate  of  the  total  number  of  vessi^^ 
entering  and  clearing,  their  tonnage,  and  the  value  of  their  cargoes,  is  necessarily  ^ 
approximate  one. 

I  am  of  the  opinion  that  the  deepening  of  the  water  on  the  bar  and  in  the  chann^ 
in  connection  with  the  building  of  a  breakwater,  has  already  been  found  to  be 
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provement>  and  with  a  further  ontlay  in  the  same  direction  the  harbor  of 
rt,  situated  as  it  is  in  one  of  the  most  accessible  and  advantageous  positions 
•»tween  New  York  and  Boston,  at  the  terminus  of  two  railroads,  one  (the 
lie)  making  direct  connections  with  other  lines  to  the  great  West  and  the 
hould  invite  a  largely  iucreased  coastwise  and  foreign  trade,  and  mi^ht  be 
e  of  the  most  important  ports  for  the  shipment  of  grain,  flour,  &,c.,  in  the 

An  elevator  already  erect*»d  rendering  the  shipment  of  such  articles  easy 
enient. 
ry  respectfully,  your  obedient  servant, 

J.  8.  Hanover, 

CoUecior. 
W.  Barlow, 

Corps  of  Engineers,  U.  S.  A. 

COLLKCTIOXS. 

I  imports |1,  416  57 

dues 1(«  50 

tax : 1,560  63 

leons  receipt* - 1,480  99 

4,561  69 

of  foreign  vessels  arrived  from  foreign  ports 25 

of  foreign  vessels  cleared  for  foreign  ports 23 

I  vessels  arrived  from  foreign  ports 4 

1  vessels  cleared  for  foreign  ports 0 

miter  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal 

iding  June  30, 1878 7,229 

mage 1,269,632 

<l  value  of  cargoes  received •-..  $25,181,100 

td  value  of  cargoe*  ship])ed $24, 147,  000 

of  wat4.»r,  8  feet  at  low-water.    Number  of  vessels  of  all  classes 
»g  the  harbor  for  refuge  during  the  year 900  to  1,  000 

Money  statement. 

877,  amount  available $9,886  95 

appropriated  by  act  approved  June  18,  1878 .!..       10,  000  00 

$19, 886  95 

878,  amount  expended  during  fiscal  year 9,754  22 

878,  amount  available... 10,132  73 

(estimated)  required  for  completion  of  existing  project 30,  000  00 

that  can  be  profitably  exp.ended  in  fiscal  yearendmg  June  30, 1880 .      20, 000  00 

rt  of  proposals  received  June  21,  1877,  for  improving  harbor  at  Bridgeport,  Conn, 


Addreaa. 

Price  per 
cubic  yard. 

To  com- 
mence— 

To  com- 
plete— 

me. 

i 

s 
O 

III 

Bemarks. 

Brainard... 

mond 

ffd 

Albany,  N.T 

Providence,  R.  I. 
Albany,  N.Y.... 
Bridgeport,  Conn 

Cohoea,  N.  Y 

Cents. 
144 
13 
16 
15 

18 

Cents. 
9 
9 
9 

H 

July    1,1877 
July    1,1877 
July    1,1877 
July    1,1877 

July    1, 1877 

Nov.  30, 1877 
Nov.  30, 1877 
Nov.  30, 1877 
Dec     1, 1877 

Nov.  30, 1877 

J.Bearda- 
tt&Daly... 

Bid  not  in  duplicate. 

t  made  with  Messrs.  H.  N.  Sc  A.  J.  Beardsley,  at  8|  cents.    All  the  work  to  be  done  above  steam- 
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C  7. 

IMPROVEMENT  OF  SOUTHPORT  HARBOR,  CONNECTICUT. 

With  the  appropriation  of  $5,000  made  by  act  of  Congress  approved 
August  14,  1876,  the  following  work  has  been  done  at  this  harbor: 

An  agreement  was  entered  into  with  Mr.  J.  H.  Fenner,  of  Albany,  N. 
Y.,  under  which  a  channel  60  feet  wide  and  4  feet  deep  at  mean  low- 
water  was  dredged  from  the  outer  beacon  to  above  the  end  of  the  break- 
water. The  vacant  spaces  between  the  walls  of  the  dike  were  filled 
with  a  i)ortion  of  the  dredged  material,  and  the  remainder  dei)osited  in 
deep  water  outside  the  harbor. 

Seventeen  cents  per  cubic  yard  was  paid  for  the  latter  work^  and  37 
cents  for  the  former.  Under  this  agreement,  about  15,000  cubic  yards 
of  material  have  been  removed,  ma^g  a  channel  60  feet  in  width  and 
4  feet  deep  at  mean  low-water.  The  repairs  ui)on  the  dike  by  filling  void 
spaces  between  the  walls  with  material  from  the  channel  have  been  com- 
pleted. 

It  being  desirable  to  make  the  width  of  the  dredged  channel  100  feet, 
an  additional  sum  of  $5^000  is  needed  for  this  pur^wse,  which  could  be 
profitably  expended  durmg  the  next  fiscal  year. 

Following  are  the  amounts  appropriated  for  this  harbor  since  1838: 

March  3, 1875 $5,000  00 

Augii8t4,  1876 5,00000 

10,000  00 

Soiitliport  i»  in  tlio  Fairfield  collectiou  district,  of  which  Bridgeport  is  the  port  of 
eutry.  The  amount  of  revenue  collected  there  for  the  fiscal  vear  ending  June  30,  1878, 
was  $4,561.69.  The  nearest  light-house  is  on  Penfield  Reet^  :H  miles  from  the  harbor. 
Fort  Hale,  New  Haven  Harbor,  the  nearest  work  of  defense,  is  24  miles  distant. 

COMMERCIAL  STATISTICS. 

The  following  statistics  relating  to  the  commercial  business  of  this 
port  have  been  furnished  by  J.  H.  Perrj^,  esq. : 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal 

year  ending  June  30,  1878 200 

Total  tonnage 2,500 

Estimated  value  of  cargoes  received ; $110,000 

Estimated  value  of  cargoes  shipped $125,000 

Number  of  vessels  of  aU  classes  entering  the  harbor  for  refuge  during  the 

year 100 

Money  statement. 

July  1,  1877,  amount  available $5,063  93 

July  1,  1878,  amount  expended  during  fiscal  year $3, 185  19 

July  1,  1878,  outstanding  liabilities 1,226  05 

'  '  ^ 4,41124 

July  1,  1878,  amount  available 652  69 

Amount  (estimated)  required  for  completion  of  existing  project 5,  OOOOO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.        5, 000  00 
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C8. 

PROVEMENT  OF  PORT  JEFFERSON  HARBOR,  LONG  ISLAND,  NEW  YORK. 

riie  appropriation  of  $6,000,  made  by  act  of  Congress  approved  August 
1876,  was  applied  to  repairing  the  east  jetty  and  the  excavation  of  a 
t  through  the  bar,  in  about  equal  proportions. 

rhe  work  upon  the  breakwater  was  executed  under  contract  with 
«8r8.  Ingerson  and  Molthrop,  and  consisted  in  abiding  stone  to  its 
tire  length,  widening,  strengthening,  and  raising  the  structure,  with 
iew  to  more  thoroughly  arresting  the  flow  of  sand  into  the  channel 
m  the  direction  of  Mount  MLserj. 

rhe  interval  between  the  shore  end  of  the  jetty  and  the  plank  fence, 
x^ugh  which  large  quantities  of  sand  had  been  cbiven  by  easterly 
►nns,  was  securely  closed  by  a  stone  extension  of  the  jetty,  and  the 
ice  continued  still  farther  inland.  The  jetty  at  itw  sea  end  was  ciu-ved 
t  a  short  distance. 

riie  stone- work  was  well  executed,  and  has  withstood  the  severe  win- 
•  gales  with  trifling  injiuy.  A  portion  of  the  plank  fence,  at  its  exti^eme 
»hore  end  above  ordinar>^  high-water,  was  injured  during  the  winter, 
hen  it  is  considered  that  the  posts  of  this  fence  are  8  inches  by  8  inches, 
Qber  placed  4  feet  in  the  ground,  some  idea  may  be  had  of  the  action 
d  power  of  the  waves  during  the  concurrence  of  a  severe  easterly 
)rui  and  an  abnormally  high  tide. 

One  cut  through  the  bar  was  sucxessfiilly  accomplished.  The  difficul- 
»  apprehended  in  dredging  on  this  bar  rendered  contractors  reluctant 
enter  ui>on  the  work,  and  it  was  therefore  decided  to  make  the  experi- 
?nt  with  hired  machinery.  A  satisfactory  arrangement  was  entered 
to  with  Mr.  M.  F.  Brainard  for  the  use  of  his  dredge,  tug,  and  scows, 
$6.50  i>er  hour,  working  time.  As  was  anticipated,  the  chief  difficulty 
leountered  was  the  tide,  which  ebbs  and  flows  with  such  strength  that 
le  spuds  ordinarily  used  for  holding  the  dredge  in  place  were  inadequate, 
»vy  anchors  and  hawsers  being  required  in  addition.  The  cut  when 
»mpleted  was  1,300  feet  in  length,  25  feet  in  width,  and  8  feet  deep  at  mean 
w-water,  where  the  least  depth  was  pre\iously  but  2^  feet.  The 
earn  ferry-boat  is  now  able  to  cross  at  all  stages  of  the  tide.  It  is 
^ported  that  the  outer  end  of  this  cut  became  partially  filled  during  a 
Bvere  storm  last  winter,  but  afterward  cleared  itself  by  the  action  of  the 
bb  tide.  ^ 

When  the  jetties  have  been  carried  to  their  proposed  length,  9  feet  of 
rater,  there  is  every  reason  to  believe  that  a  channel  8  feet  in  depth  will 
>e  self-sustaining,  and  although  the  material  of  this  bar  is  very  heavy, 
mn^  largely  composed  of  coarse  gravel  mixed  with  stones  of  several 
xmnds  weight,  it  is  not  impossible  that  the  present  cut  will  increase  in 
^dth  by  the  augmented  force  of  the  current,  due  to  the  contraction  of 
the  estuary. 

The  plans  for  the  improvement  of  this  harbor,  now  in  process  of  execu- 
tion, contemplate  the  extension  of  the  jetties  to  9  feet  of  water,  and,  if 
found  necessary,  to  excavate  by  dredging  a  channel  100  feet  wide  through 
the  bar.  The  appropriation  of  $10,000  made  at  the  last  session  of  Con- 
gress will  be  expended  in  accordance  with  these  plans. 
It  is  hoped,  however,  that  a  large  part  of  this  excavation  will  be  done 
oy  the  action  of  the  tidal  current  when  concentrated  and  strengthened 
»y  the  completion  of  the  jetties. 
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The  following  amounts  have  been  appropriated  for  the  improvement 
of  this  harbor : 

March  3,  1871 $15,000  00 

June  10,  1872 15,000  0(1 

March  3,  1875 15,000  00 

August  14,  1876 6,000  00 

June  18,1878 8,000  00 

59,000  00 

The  original  estimates  for  the  improvement  of  this  harbor  amounted 
to  $150,000.  Modifications  in  the  phin  and  lower  prices  for  material 
and  labor  have  quite  reduced  these  estimates.  The  present  project  can 
be  completed  for  $28,000. 

Port  Jefferson  is  in  the  New  York  collection-district.  The  nearest  licht-house  is  at 
"Old  Fiehl  Point,"  immediately  west  of  the  harbor  entrance.  Fort  Hale,  New  Haven 
Harbor,  23  miles  distant,  is  the  nearest  work  of  defense. 

The  commerce  of  this  harbor  is  limited,  the  aggreg^ate  tonnage  of  veissels 
belonging  to  this  port  being  about  16,000  tons.  The  chief  business  of 
the  vUlage  is  ship-building,  for  which  unusual  facilities  are  afforded,  and 
quite  a  number  of  vessels,  many  of  large  tonnage,  are  annually  built 
The  importance  of  this  harbor,  discuss^  in  several  previous  reports, 
consists  principally  in  its  availability  as  a  harbor  of  refiige  for  the  sonth 
side  of  Long  Island  Sound.  Its  only  drawback  is  the  bar  at  the  en- 
trance. When  this  is  improved,  no  more  perfect  shelter  than  will  be 
afforded  by  this  harbor  could  be  desired. 

Money  statement 

July  1,  1877,  amount  availahle $11,261  64 

Amount  appropriated  by  act  approved  June  18,  1878 8,  000  00 

$19, 261  W 

July  1,  1878,  amount  expended  during  fiscal  year 10, 306  76 

July  I,  1878,  amount  available 8,954  88 

Amount  (estimated)  required  for  completion  of  existing  project 25, 000  (lO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.  25, 000  00 

Abstract  of  proposals  received  May  24,  1877,  for  improving  harbor  at  Port  Jeffersorij  L.  /., 

N,  r. 


Name. 


Addresa. 


Francis  H. Smith  ... 
Asa  C.  Palmer 


Infferaon  &,  Molthrop . 

John  Beuttie 

Cook  &  Chapman 

David  V.Howell 


New  York,  N.  T  . . . 

Fayette  ville,N.T... 

Xew  London,  Conn. . 

Guilford,  Conn 

Xew  I^ndou,  Conn . . 
New  York,  N.Y... 


Price 
per  ton. 

To  com- 
mence— 

To  com- 
plete— 

$1  89 

June   I.IS-;?    Oct  1,1877 

189 

June   1,1877    Oct.  1,1877 

1  33 
1  35 
1  53 
1  72| 

Jnne  10, 1877 
June    1, 1877 
June   1, 1877 
June   1, 1877 

Oct  1, 1877 
Oct  1, 1877 
Oct.  1, 1877 
Oct  1, 1877 

Remarks. 


.Not  certiflwl  to  by  jr(>v- 
.  emment  officer.  SiK- 
'    nature  not  witiie*««. 


Contract  made  with  Meitars.  Ingerson  &,  Moltlirop,  at  #1.33. 


C  g. 

IMPROVEMENT  OF  NORWALK  HARBOR,  CONNECTICUT. 

Nothing  has  been  done  toward  improving  the  navigation  of  this  riv'*^ 
since  the  expenditure  of  the  appropriation  of  March  3,  1875.  With  tl^ 
sum  of  $5,000  appropriated  at  the  last  session  of  Congress  it  is  design  ^^ 
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n  the  60-foot  channel  dredged  to  a  depth  of  6  feet  at  mean  low- 
t  such  places  as  wiU  most  benefit  navigation, 
desirable  that  the  plan  heretofore  presented  of  increasing  the 
►f  this  channel  to  100  feet  be  executed  with  as  little  delay  as 


3. 


bllowing  appropriations  have  been  made  for  the  improvement  of 
rbor: 

1872 $10,000  00 

1873 10,000  00 

1874 10,000  00 

1875 7,000  00 

1878 6,000  00 

Ast  estimate  for  completing  this  improvement  provided  for  the 
iture  in  dredging  of  $30,000.  Of  this  sum  $15^000  can  be  ad- 
Bously  expended  during  the  next  fiscal  year. 

Ik  is  in  the  Fairfield  coUection-district,  and  Bridgeport  is  the  nearest  port  of 

here  the  amount  of  revenue  collected  during  the  nscal  year  ending  June  30, 

8  $4,561.69. 

Ik  light,  on  Sheffield  Island,  is  opposite  the  mouth  of  the  river. 

tarest  works  of  defense  are  the  fortifications  at  Throg's  Neck,  29  miles  distant. 

OO^IMEBCIAL  STATISTICS. 

following  statistics  have  been  furnished  by  E.  J.  Hill,  esq.,  of 
ik: 

of  American  vessels  arrived  from  coastwise  ports 764 

of  American  vessels  cleared  for  coastwise  ports 333 

mber  of  vessels  of  aU  classes  entered  and  cleared  during  il\e  fiscal 

Qding  June  30,  1878 1,097 

nnage 98,795 

ited  value  of  cargoes  received  aud  shipped  during  the  year,  from  $2,000,000 

1,000. 

ht  of  water — average,  7  feet  6  inches. 

er  of  vessels  of  all  classes  entering  the  harbor  for  refuge  during  the  year  (esti- 

Money  statement 

appropriated  by  act  approved  June  18,  1878 $6,000  00 

.878,  amount  available 6,000  00 

(estimated)  reouired  for  completion  of  existing  project 24, 000  00 

that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1880 .  15, 000  00 


; 
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31fUAL  REPORT  OF  LIEUTENANTCOLOXEL  JOHN  NEW^ 
TON,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  1878. 

United  States  Engineer  Office, 

Kew  Yorky  July  13, 1878. 

General  :  I  have  the  honor  to  transmit  herewith  the  annual  reports 
pon  the  river  and  harbor  works  tem^wi^arily  in  charge  of  Capt.  James 
[ercur,  Corps  of  Engineers,  until  August  21, 1877,  for  the  Hscal  year 
Deling  June  30, 1878. 

Very  respectfully,  your  obedient  ser^^ant, 

John  Newton, 
Li^ut  Col.  of  Engineers^  Bvt  Maj.  Oen.j  U.  S.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chkf  of  Engineers  U.  8.  A, 


Dl. 

improvement  of  HUDSON  RIVER,  NEW  YORK. 

Lieut.  J.  H.  WiUard^  Corps  of  Engineers,  stationed  at  Albany,  N.  Y.^ 
as  remained  in  supermtendence  of  these  works. 
The  following  work  was  done  during  the  year : 

Complete  survey  from  State  dam  at  Troy  to  South  end  of  Houghtailing  Island,  New 
«altimore. 

Be^xaminations  after  dredging  by  the  State  engineer  and  surveyor. 

Complete  hy'drographic  map  on  scale  j^^  in  live  sheets,  giving  the  latest  informa- 
«n  of  the  condition  of  the  river  at  the  close  of  the  season  of  1877  from  Troy  to  New 
Wlimore. 

Feet. 

jOmpletion  of  first  (Uke,  overslaugh  system 2,011 

Jompletion  of  second  dike,  overslaugh  system 1,  508i<Jy 

|«nipletion  of  second  half  dike,  overslaugh  system 448 

J^wnpletion  of  third  dike,  overslaugh  system 2,61(4- 

'Ompletion  of  third  half  dike,  overslaugh  system 637 

[««npletionofdikeat  Bath 831 

onpletion  of  dike  at  Coeymans 174 

.  K^paire  at  Hillhouse  Island,  Beacon  Island,  Van  Wie^s  Point,  Parda  Hook  Point,  and 
*T?  *t  Coej'mans. 
iWging  iinder^State  appropriation  r 

Cable  yards. 

^tween  Albany  and  Troy 24,833 

etween  Albany  and  New  Baltimore 20,209 

Total  amount  removed. 226,842 

Thin  work  is  located  in  the  fourteenth  collection  district,  Albany  being  the  port  of 

The  value  of  imports  for  the  fiscal  year  was  $431,066.70,  gold,  and  the  amount  of 
'^I^^e  collected  on  the  same  was  $108,947.23,  gold. 
The  tonnage  of  the  x>ort  is  290  vessels,  aggregating  46,958.85  tons. 
Tne  amount  of  commerce  benefited  is  estimated  at  $500,000,000. 
Amount  of  estimate  of  1868,  $984,304.47. 
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By  act 
By  act 
By  act 
By  act 
By  act 
By  act 
By  act 
By  act 
By  act 
By  act 
By  act 
By  act 


of  Congress 
of  Congress 
of  Congress 
of  Congress 
of  Congress 
of  Congress 
of  Congress 
of  Congress 
of  Congress 
of  Congress 
of  Congress 
of  Congress 


AMOUNTS  APPROPRIATED. 

approved  Jnne  23,  1866... $50,000  00 

approved  March  2,  1867 305, 18;?  00 

approved  July  25,  1868 85,000(1) 

approved  AprillO,  1869 89.100  00 

approved  July  11,  1870 40,000  00 

approved  March  3,  1871 40,000  00 

approved  June  10,  1872 40,000  00 

approved  March  3,  1873 40,000  00 

approved  June  23,  1874 40,000  00 

approved  March  3,  1875 4O,OO00i) 

approved  August  14,  1876 50,00000 

approved  June  18,  1878 70,00000 


889,288  00 
Amount  expended ,. 820,098  97 

Money  statement 

July  1,  1877,  amount  available $36,860  42 

Amount  appropriated  by  act  approved  June  18,  1878 70, 000  00 

July  1,  1878,  amount  exj)endod  during  6scal  year 36,771  39 

July  1,  1878,  outstanding  liabilities 89  03 


$106, 860  ^ 


36,860  42 
July  1,  1878,  amount  available 70,000  00 

Amount  (estimated)  required  for  completion  of  existing  project  -  - 95, 016  47 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      95, 016  47 

Abstract  of  bids  for  constnicting  pile  dikes  in  the  Hudson  River  near  Albany ,  N,  T.    OpeHed 

July  31,  1877. 


Bidders. 


8t4»pbeii  MiloR 

Wifiiam  D.  FiiUer. 
John  H.  Marshall. . 


at 


M 


>^ 


$5  25 
4  97 
3  74 


H 
si 


$4  75 
3  87 
3  19 


•flS 

H 


?"3 


It 

6 
u 

6C 


$3  98  bl8,fl«7» 
3  37  16,2»10 
2  90     13,370  30 


Abstract  of  contract  for  constructing  pile  dike  in  Hudson  River, 


Contractor's  name. 

Beaidence. 

Date  of  con- 
tract. 

Subject  of  contract. 

Bemarkfl. 

John  H.  2klar8hall. . 

New  Baltimore,  N.  T. . 

Ang.  13, 1877 

Conatnictinff      pile 
dike  at  Batn  and  at 
overslangh. 

To  be  completed  De- 
cember 31, 1877. 

D  2. 

removing  obstructions  in  east  river  and  hell  gate,  new  york. 

hallet's  point. 

The  contract  with  Mr.  Emory  E.  Seward  for  the  removal  of  24,000 
tons  of  broken  rock  fix)m  this  reef  was  extended  from  June  30, 1877,  to 
Kovember  1,  1877 ;  and  from  the  commencement  of  the  year  to  tbe 
closing  of  the  contract  there  were  removed  13,281.97  tons. 
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the  expiration  of  Mr.  Seward's  contract  proposals  were  advertised 
d  removal  of  25,000  tons  of  broken  rock,  and  on  Kovember  24^ 
contract  wa«  made  with  the  Atlantic  Dredging  Company  for  the 
at  $2.29  per  gross  ton,  oi)erations  to  commence  on  or  before  Janu- 
1878. 

ing  the  interval  between  the  completion  of  Mr.  Seward's  contract^ 
>vember  1^  1877,  and  the  commencement  of  work,  on  January  1^ 
by  the  Atlantic  Dredging  Company,  the  work  of  removing  the 
a  rock  was  continued  by  hiring  dredges  and  grapples  by  the  day. 
nt  of  rock  removed,  3,293.38  tons. 

'.rations  were  commenced  by  the  Atlantic  Dredging  Company  on 
.ry  22, 1878,  and  have  been  continued  with  occasional  stoppages 
pairs.  The  location  of  the  grapplinjg-machine  oh  the  outer  portion 
)  reef  exposed  it  to  the  strong  currents  running  over  it,  and  during 
rger  portion  of  the  time  work  was  carried  on  during  the  ebb-tide 
The  amount  of  rock  removed  to  June  30, 1878,  was  6,683.15  tons. 

FLOOD  BOCK. 

• 

funds  available  on  July  1,  1877,  being  sufficient  only  to  carry  on 
ork  of  removing  the  broken  rock  at  Hallet's  Point,  no  work  was- 
except  to  remove  the  shops  and  storehouses  formerly  used  in  the 
on  Hallet's  Point. 

survey  of  this  rock  and  the  middle  reef  has  been  completed  and 
d.  During  the  latter  part  of  June,  1878,  a  few  men  were  em- 
1  in  getting  the  machinery  in  order  to  pump  out  the  mine  prepara- 
0  resuming  active  operations. 

STEAM-DBJLLC<(G  SCOW. 

ing  to  the  want  of  funds,  no  work  was  done  by  this  machine  during 
ear.  On  January  28,  1878,  it  was  removed  from  Smith's  whart*. 
Point,  where  it  had  been  lying  from  the  commencement  of  the 
to  the  foot  of  Court  street,  Brooklyn,  for  the  purpose  of  eflecting  a 
^  in  the  cost  of  wharfage. 

works  in  connection  with  tjie  removing  obstructions  in  East  Biver 
[ell  Gate  have  been  under  the  supeiintendence  of  Capt.  Jam^s 
x.  Corps  of  Engineers. 

work  is  in  the  collection-district  of  New  York. 

learest  port  of  entry  is  New  York  City. 

uuoont  of  revenue  coUected  last  fiscal  year  was  $91,992,629.62. 

imount  of  commerce  and  navigation  benefited  by  the  completion  of  this  work 

t)e  about -. 

mt  asked  to  be  appropriated  for  fiscal  year  ending  June  30,  1880,  $600,000. 

ORIGINAL  ESTIMATE. 

ng  reefs  at  HeU  Gate  and  Diamond  and  Coenties  Reefs $5, 139, 120  00^ 

AMOUNTS  APPROPRIATED. 

of  Congress  approved  July  25.  1868 $85,000  00 

of  Congress  approved  April  10,  1869 178,200  00 

of  Congress  approved  July  11,  1870 250,000  00 

of  Congress  approved  March  3,  1871 250,000  00 

of  Congress  approved  June  10,  1872 225,000  00 

of  Congress  approved  March  3,  1873 225,000  00 

of  Congress  approved  June  23,  1874 225,000  00 

of  Congress  approved  March  3,  1875 250,000  00 

of  Congress  approved  August  14,  1876 250,000  00 

of  Congress  approved  June  18,  1878 350,000  00 

2,288,200  00- 
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Brought  forward 

Deduct  amount  reverted  to  the  United  States  Trea«uiy $3, 158  55 

Deduct  amount  allotted  to  Harlem  River 11, 000  00 


12,288,200 

14, 158 

2,274,041 
Amount  expended • • • 1,886,?35 


Amount  expended  during  year  ending  June  30,  1876. 


Removing  reef  at  Hallet's  Point. 

Excavations  at  Flood  Rock 

^team-drilling  scow 

Contingencies 


Money  statement 

July  1,  1877,  amount  available $123,355  78 

Amount  appropriated  by  act  approved  June  18,  1878 350, 000  00 

July  1, 1878,  amount  expended  during  fiscal  year 86, 050  27 

July  1, 1877,  outstanding  liabilities 4,345  30 


170,091 

9,73< 

6,061 

154 

86,050 


$473, 3K 
90,39; 


July  1, 1878,  amount  avaUable 382,961 


Amount  (estimated)  required  for  completion  of  existing  project 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1880 


2,863,12; 
600, 00( 


Abstract  of  bids  for  removing  broken  rock  from  HalleVs  Point  reef^  Astoria,  N.  T.    Opt 

November  14,  1877. 


Bidders. 


Price 
toi 


Atlantic  Dredging  Company 

Emory  R  Seward 

Morm  Sc  Comings  Dredging  Company 


Abstract  of  contract  for  removing  broken  rock  from  HalleVs  Point  reef,  Asioria,  X.  T 


Contractor. 

Besidence. 

Date  of  con- 
tract. 

Subject  of  contract. 

Bemarks. 

Atlantic  Dredging 
Company. 

Brooklyn,  N.  T 

Nov.  24, 1877 

BeraoTing      broken 
rock  from  Hallet's 
Point   reef,  Asto- 
ria, N.Y. 

To  bo  complete 
December  31,  ] 

D3. 

IMPROVEMENT  OF  HARLEM  RIVER,  NEW  YORK. 

In  the  act  of  June  18,  1878,  appropriating  $300,000  for  this  work,  i 
proviso  that  this  amount  is  not  to  be  available  until  the  right  of  wa,^ 
secured  to  the  United  States  free  of  cost,  and  until  this  is  done  no  oi 
ations  will  be  commenced. 

This  work  is  in  the  collection-district  of  New  York. 

Nearest  port  of  entry.  New  York. 

Nearest  lijrht-house,  North  Brother  Island. 

Amonnt  of  dnties  collected  for  year  ending  Jnne  30,  1878,  $91,992,629.62. 

Amount  of  commerce  to  lie  benefited  l)y  this  work . 

The  estimate  for  15  feet  channel  is  ^2,100,000. 
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Money  statement 

Donnt  appropriated  by  act  approved  June  18,  1878 |300, 000  00 

ly  1, 1878,  amount  avaUable 300,000  00 

Dount  (estimat-ed)  required  for  completion  of  exiatinc  project 1,700,000  00 

Doont  that  can  be  profatably  expended  in  fiscal  year  ending  J  une  30, 1880 .      700, 000  00 


D4. 

IMPROVEMENT  OF- PASSAIC  RIVER,  NEW  JERSEY. 

From  the  commencement  of  the  year  until  January  3, 1878,  work  was 
[witinued  in  clearing  the  channels  from  loose  stones  and  bowlders,  and 
redging  a  shoal  near  the  Erie  Railroad  bridge.  The  work  was  all  done 
y  hured  labor. 

The  fdnds  being  exhausted,  the  small  drilling-scow  was  towed  to  New- 
rk  on  January  4, 1878,  and  laid  up. 

From  the  beginning  of  the  year  until  the  close  of  operations,  the  fol- 
Dwing  work  was  done: 

2,018  cubic  yards  of  stone  removed. 
5,087  feet  of  channel  cleared. 
1,565  cubic  yards  dredged. 

Under  the  appropriation  of  110,000  approved  June  18, 1878,  it  is  pro- 
Kwed  to  continue  tiie  clearing  the  channels  of  loose  stone,  and  drill  and 
)last  a  number  of  large  bowlders.  This  work  has  been  under  the  super- 
ntendence  of  Capt.  James  Mercur,  Corps  of  Engineers,  since  August 
^j  1877. 

This  work  is  in  the  coUection  district  of  Newark,  N.  J. 

Nearest  port  of  entry  Newark^  N.  J. 

Nearest  lisht-house,  Passaic  lisbt. 

Amount  of  revenue  collected,  $4,255.40. 

Amount  of  commerce  to  be  benefited  by  tbe  completion  of  this  work,  $1,000,000. 

ORIGINAL  ESTIMATE. 

tfiddle  Bar,  dredging $936  00 

iliddleBar,  diking 66,375  00 

BeUeville  Bar  dredging 15,501  00 

Rutherford  Park  Bar,  hedging 14, 112  00 

Solgman'sand  small  bars  above,  dredging 12,000  00 

Contingencies 15,000  00 

123,924  00 

AMOUNTS  APPROPRIATED. 

By  act  of  Congress  approved  June  10. 1872 $25,000  00 

By  act  of  Congress  approved  March  3,1873 25,  000  00 

By  act  of  Congress  approved  Jime  23.  1874 20,000  00 

By  act  of  Congress  approved  March  3, 1875 20,000  00 

By  act  of  Congress  approved  August  14,1876 10,000  00 

By  act  of  Congress  approved  June  18,  1878 10,000  00 

110,  000  00 


Amount  expended 1 99,391  08 

Money  statement. 

%  1,1877,  amount  available $8,565  46 

Amount  appropriated  by  act  approved  June  18, 1878 10,  000  00 

$18,  565  46 

Jwy  1, 1878,  amount  expended  during  fiscal  year 7,956  54 

%  1,1878,  amount  available 10,608  92 

^onnt  (estimated)  required  for  completion  of  existing  project Vi,^i\  Wi 

Amount  that  can  be  prohta  Wj  expended  in  Hacal  year  ending  June  30, 1880 .      b,  000  0^ 
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D5, 

IMPROVEMENT  OF  EAST  CHESTER  CREEK,  NEW  YORK. 

Work  was  continued  under  contract  made  March  31,  1877,  with '. 
John  Satterlee  for  making  a  cut  100  feet  wide,  at  mean  high-water  dm 
and  about  2,200  feet  in  length. 

During  the  year  the  following  work  was  done : 

2,298  cubio  yarcU  rock  remoTed. 
37,387  cubic  yards  mud  dredged. 
993  linear  feet  of  pile  dike  built. 
242|  linear  feet  or  crib  dike  built. 

Under  authority  fix)m  the  Chief  of  Engineers  the  following  work ' 
done  by  hired  labor:  14,855  cubic  yards  of  mud,  clay,  and  Iwwlders 
moved  from  the  upper  end  of  the  cut  near  and  under  the  draw-bridge 
the  Boston  road,  and  16,235  cubic  yards  from  the  west  bank  of  the  cl 
nel  near  the  mouth  of  the  creek  opposite  Ck)08e  Island. 

Work  waa  suspended  on  May  12,  1878,  as  the  funds  had  become 
hausted.  Under  the  appropriation  of  110,000,  approved  June  18, 11 
it  is  proposed  to  continue  the  work  of  dreaginff  near  the  drawbridge 
the  Boston  Eoad  and  opposite  Goose  Island,  and  to  remove  a  dioal  * 
side  of  Pelham  bridge. 

This  work  has  been  under  the  superintendence  of  Capt.  James  ^ 
cur.  Corps  of  Engineers,  since  August  20,  1877. 

This  work  is  in  the  coUection  district  of  New  York. 
Nearest  i>ort  of  eutr>%  New  York. 
Nearest  li^ht-house,  Stepping  Stones. 
Amount  of  revenue  collected,  $91,992,629.62. 

Amount  of  commerce  and  navigatiou  beneHted  by  completion  of  the  work  wouli 
12,238,203  annually. 

ORIGIXAL  ESTIMATE. 

Basin,  purchase  of  site,  18  acres,  at  |150 |2,70 

Excavation  to  level  of  mean  low-water,  200,000  cubic  yards,  at  40  cents..  80,0(> 

Excavation  of  cut,  60.000  cubic  yards,  at  40  cents - 24, 00 

Diking  and  reveting  oanks  of  cut 12,00 

Engineering  and  contingencies 17,80 

136,50 

AMOUNT  APPROPRIATED. 

By  act  of  Congress  approved  March  3,  1873 |25,00 

By  act  of  Congress  approved  March  3,  1875 12,00 

By  act  of  Congress  approved  June  18,  1878 10,00 

47,00 
Amount  expended 36,98 

Money  statement 

July  1,  1877,  amount  available $29,718  87 

Amount  appropriated  by  act  approved  June  18,  1878 10,  OPO  00 

|39,71J 

July  1,  1878,  amount  expended  during  fiscal  year 29, 703 

July  1,  1878,  amount  available 10,011 

Amount  (estimated)  reouired  for  completion  of  existing  project 89, 500 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880.      10,  OOO 
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D6. 
IMPROVEMENT  OF  HARBOR  AT  PORT  CHESTER,  NEW  YORK. 

liere  being  no  appropriation  for  this  work,  no  operations  were  con- 
ited  during  the  year,  except  making  a  surv^ey  of  Byram  Kiver,  with 
iew  to  the  improvement  of  this  portion  of  the  harbor. 

'oUection-district,  New  York. 

•Nearest  port  of  eutry,  New  York. 

Searest  lijjlit-houHe,  Gi'eat  Captain's  Island. 

Anioant  of  revenue  collected,  $91,992,629.62. 

Amoant  of  commerce  to  be  benefited  by  completion  of  this  work . 


ORIGINAL  ESTIMATE. 

lemoWng  rocks  and  bnilding  breakwater $96, 632  00 

jnoant  appropriated  by  act  of  Congress  approved  June  10, 1872 12,  000  00 

Money  statement. 

lij  1,1877,  amount  available $2,200  00 

dy  1,  1878,  amount  exjieuded  during  fiscal  year :  250  00 

Jy  1,  1878,  amount  available 1, 950  (K> 

lomit  (estimated)  required  for  completion  of  existing  project 84, 632  00 


D7. 

IMPROVEMENT  OF  HARBOR  AT  RONDOUT,  NEW  YORK. 

The  branch  dike,  883  feet  in  length,  under  contraet  with  H.  V.  Sloat 
Brother,  was  completed  September  12,  1877. 

Contract  was  made  September  12,  1877,  with  Thomas  Sturgeon,  sr., 
r  9r)0  feet  of  pile-dike  on  south  side  of  the  channel.  Tlie  work  Avas 
impleted  June  1, 1878,  893  feet  G  inches  of  dike  having  been  completed. 
The  junction  of  the  north  and  branch  dikes  being  very  much  exposed 
\  damage  by  steamers  and  tows  striking  against  it  when  entering  the 
arbor,  authority  was  received  to  place  a  fender  of  i)ile-work  around 
le  junction  of  the  two  dikes,  and  to  drive  spring-piles  along  the  lace 
f  the  north  dike  and  branch  dike  to  mark  their  location  at  high-water. 
This  work  was  done  by  hired  labor,  and  64  spring-piles  were  driven, 
nd  fender- work  for  200  feet  along  the  face  of  the  north  dike  and  125 
eet  along  face  of  branch  dike. 

During  the  prevalence  of  high-water  in  the  spring  of  1878,  a  large 
chooner  ran  through  the  south  dike^  which  was  entirely  covered,  mak- 
ig  a  break  completely  through  the  dike  of  about  40  feet. 
Under  authority  from  the  Chief  of  Engineers  this  was  repaired  by 
red  labor  and  oi>en  purchase,  and  a  niunber  of  spring-piles  were  driven 
mg  the  face  of  the  dike  to  mark  its  locality  during  high-water. 
This  work  ha«  been  imder  the  superintendence  of  Capt.  James  Mercur, 
fFps  of  Engineers,  since  August  20,  1877. 

'ollection-district,  New  York. 

'earest  port  of  entry,  New  York. 

fflonnt  of  revenue  coUected,  $91,992,629.62. 

monnt  of  commerce  and  navigation  benefited  by  the  completion  of  this  work . 
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C  7. 

IMPROVEMENT  OF  SOUTHPORT  HARBOR,  CONNECTICUT. 

With  the  appropriation  of  |5,000  made  by  act  of  Congress  approved 
August  14,  1876,  the  following  work  has  been  done  at  this  harbor: 

An  agreement  was  entered  into  with  Mr.  J.  H.  Fenner,  of  Albany,  y. 
Y.,  under  which  a  channel  60  feet  wide  and  4  feet  deep  at  mean  low- 
water  was  dredged  from  the  outer  beacon  to  above  the  end  of  the  break- 
water. The  vacant  spaces  between  the  walls  of  the  dike  were  filled 
with  a  portion  of  the  dredged  material,  and  the  remainder  deposited  in 
deep  water  outside  the  harbor. 

Seventeen  cents  per  cubic  yard  was  paid  for  the  latter  work,  and  37 
cents  for  the  former.  Under  this  agreement,  about  15,000  cubic  yards 
of  material  have  been  removed,  making  a  channel  60  feet  in  width  and 
4  feet  deep  at  mean  low-water.  The  repairs  upon  the  dike  by  filling  void 
spaces  between  the  walls  with  material  from  the  channel  have  been  com- 
pleted. 

It  being  desirable  to  make  the  width  of  the  dredged  channel  100  feet, 
an  additional  sum  of  $5,000  is  needed  for  this  puiiK)se,  which  could  be 
profitably  expended  during  the  next  fiscal  year. 

Following  are  the  amounts  appropriated  for  this  harbor  since  1838: 

March  3, 1875 $5,000  00 

Augiwt4,  1876 5,000  00 

10,000  00 

Soiithport  ifl  in  the  Fairfield  collection  district,  of  which  Bridgeport  is  the  port  of 
entry.  The  amount  of  revenue  collected  there  for  the  fiscal  vear  ending  June  30,  1878, 
was  $4,561.69.  The  nearest  light-house  is  on  Penfield  Ree^  3^  miles  from  the  harbor. 
Fort  Hale,  New  Haven  Harbor,  the  nearest  work  of  defense,  is  24  mile«  distant. 

COMMERCIAL  STATISTICS. 

The  following  statistics  relating  to  the  commercial  biiBiness  of  this 
port  have  been  furnished  by  J.  H.  Perry,  esq. : 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal 

year  ending  June  30,  1878 200 

Total  tonnage 2,500 

Estimated  value  of  cargoes  received : $110,000 

Estimated  value  of  cargoes  shipped |125,OO0 

Number  of  vessels  of  all  classes  entering  the  harbor  for  refuge  during  the 

year 100 

Money  statement 

July  1,  1877,  amount  available |5,063  93 

July  1,  1878,  amount  expended  during  fiscal  year $3,  185  19 

Julv  1,  1878,  outstanding  liabilities 1,226  05 

4,41124 

July  1,  1878,  amount  available 652  69 

Amount  (estimat-ed)  required  for  completion  of  existing  project 5,  OOOOO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.        5, 000  00 
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C8. 

lENT  OF  PORT  JEFFERSON  HARBOR,  LONG  ISLAND,  NEW  YORK. 

>ropriation  of  $6,000,  made  by  act  of  Congress  approved  August 
wras  applied  to  repairing  the  e^ust  jetty  and  the  excavation  of  a 
gh  the  bar,  in  about  equal  proportions. 

)rk  upon  the  breakwater  was  executed  under  contract  with 
ngei'son  and  Molthrop,  and  consisted  in  adding  stone  to  it8 
igth,  widening,  strengthening,  and  raising  the  structure,  with 

more  thoroughly  arresting  the  flow  of  sand  into  the  channel 
dii-ection  of  Mount  Misery. 

terval  between  the  shore  end  of  the  ietty  and  the  plank  fence, 
which  large  quantities  of  sand  had  been  driven  by  easterly 
ras  securely  closed  by  a  stone  extension  of  the  jetty,  and  the 
tinned  still  farther  inland.  The  jetty  at  its  sea  end  was  curved 
rt  distance. 

)ne-work  was  well  executed,  and  has  withstood  the  severe  win- 
with  trifling  injurj\  A  portion  of  the  i>lank  fence,  at  its  extreme 
nd  above  ordinary  high-water,  was  injured  during  the  w  inter, 
is  considered  that  the  i)osts  of  this  fence  are  8  inches  by  8  inches, 
laced  4  feet  in  the  ground,  some  idea  may  be  had  of  the  action 
er  of  the  waves  during  the  concurrence  of  a  severe  easterly 
il  an  abnormally  high  tide. 

t  through  the  bar  wa«  sucx^essfully  accomplished.  The  difficid- 
ehended  in  dredging  on  this  bar  rendered  contractors  reluctant 
ilK)u  the  work,  and  it  was  tlierefore  decided  to  make  the  experi- 
h  hired  machinery.    A  satisfactory  arrangement  was  entered 

Mr.  M.  F.  Brainard  for  the  use  of  his  dredge,  tug,  and  scows, 
)er  hour,  working  time.  As  was  anticipated,  the  chief  difficulty 
red  was  the  tide,  which  ebbs  and  flows  with  such  strength  that 
J  ordinarily  used  for  holding  the  di^dge  in  place  were  inadequate, 
chors  and  hawsers  being  required  in  addition.  The  cut  when 
tl  was  1,300  feet  in  length,  25  feet  in  width,  and  8  feet  deep  at  mean 
r,  where  the  least  depth  was  previously  but  2J  feet.  The 
rrj -boat  is  now  able  to  cross  at  all  stages  of  the  tide.  It  is 
that  the  outer  end  of  this  cut  became  partially  filled  during  a 
orm  last  winter,  but  afterward  cleared  itself  by  the  action  of  the 

the  jetties  have  been  carried  to  their  proposed  length,  9  feet  of 
ere  is  every  reason  to  believe  that  a  channel  8  feet  in  depth  will 
iistaining,  and  although  the  material  of  this  bar  is  very  heavy, 
rgely  composed  of  coarse  gravel  mixed  with  stones  of  several 
v'eight,  it  is  not  impossible  that  the  present  cut  will  increase  in 
the  augmented  force  of  the  current,  due  to  the  contraction  of 

wy. 

ans  for  the  improvement  of  this  hai^bor,  now  in  process  of  execu- 
template  the  extension  of  the  jetties  to  9  feet  of  water,  and,  if 
cessary,  to  excavate  by  dredging  a  channel  100  feet  wide  through 
The  appropriation  of  $10,000  made  at  the  last  session  of  Con- 
11  be  expended  in  accordance  with  these  plans, 
loped,  however,  that  a  large  part  of  this  excavation  will  be  done 
iction  of  the  tidal  current  when  concentrated  and  strengthened 
completion  of  the  jetties. 
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Reef  of  rocks  covered  with  sand,  near  Whitehead's  Dock,  11,509  cnbic 

yards f4^,188  80 

Middle  ^n^nnd,  55,555  cubic  yards,  at  35  cents 19,444  25 

Stakes,  15,528  cnbic  yards,  at*  35  cents 5,434  80 

Dike,  11,400  feet  long,  at  |13.50  per  running  foot 153,9(10  00 

Contingencies,  15  per  cent,  of  the  above 273,08615 

2,093,682  06 

Money  statement 

Amount  appropriated  bv  act  approved  June  18,  1878 $200,000  00 

July  1,  1878,  amount  available 200,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 1, 893, 662  (J6 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.  2U0, 000  00 


D  lo. 

IMPROVEMENT  OF  ECHO  HARBOR,  NEW  ROCHELLE,  NEW  YOBK. 

Under  the  appropriation  of  June  18, 1878,  of  $10,000,  it  is  proposed 
to  advertise  for  i)roi)Osal8  for  the  removal  of  the  rock  known  as  "  Start 
Eock"  to  a  depth  of  7  feet  below  mean  low-water. 

This  work  in  in  the  collection  district  of  New  York. 
Nearest  port  of  entry,  New  York. 
Nearest  light-house,  Execution  Rock. 

Amount  of  duties  collected  for  year  ending  June  30,  1878,  $91,992,629.62. 
Amount  of  commerce  to  be  benefited  by  the  completion  of  this  work  is  estimated  at 
11,000,000  per  year. 

ESTIMATE  OF  COST  OF  IMPROVING  ECHO  HARBOR,  NEW  ROCHELLE,  NEW  YORK,  BY  THE 
REMOVAL  OF  "SHEEPSHEAD  ROCK'^  TO  A  DEPTH  OF  9  FEET  BELOW  MEAN  LOW-WATEB, 
AND  OF  "START  ROCK"  TO  A  DEPTH  OF  7  FEET  BELOW  MEAN  LOW-WATER. 

Sheepshead  Rock,  872.5  cubic  yanls,  above  the  9-foot  curve  of  905  square 
feet  area,  at  $24. 30  per  cubic  yard $21,20175 

Start  Rock,  370  cubic  yards,  spread  over  an  area  of  264  square  yards 
within  the  6-foot  curve,  at  $34.25  per  cubic  yard 12,672  50 

Contingencies,  15  i)er  cent,  of  the  above 5,061  13 

Total 38,955  3d 

AMOUNT  APPROPRIATED. 

By  act  of  Congress  approved  June  18,  1878 : $10,000  OD 

Money  statement. 

Amount  appropriated  by  act  approved  June  18,  1878 ,  $10,000  DO 

July  1,  1878,  amount  available 10,000  00 

Amount  (cHtimated)  required  for  completion  of  existing  project 28,95538 

Amount  that  can  be  protitiibly  expended  in  fiscal  year  ending  June  30, 1880.  10, 000  OO 


D  II, 

IMPROVEMENT  OF  HARBOR  AT  PLATTSBURGH,  NEW  YORK. 

The  empty  cells  in  the  breakwater  have  been  refilled  with  stone.   Tli^ 
bar,  extending  easterly  from  the  face  of  the  south  wharf,  has  been  re- 
moved.   The  water  from  this  point,  extending  in  a  northerly  directioi^ 
to  and  along  the  face  and  approaches  of  the  northern  line  of  wharves^^ 
has  been  increased  to  a  depth  of  8  feet  and  upward,  and  proving  agrw*^ 
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mefit  to  commerce  and  navigation.  Ten  hundred  and  seventy-three 
ibic  yards  of  silt,  sand,  clay,  and  stone  have  been  dredged  and  re- 
iove<l  from  the  harbor,  and  525  cubic  yards  of  rubble-stone  applied  to 
le  repair  of  the  breakwater. 

Deposits  are  collected  along  the  wharf  front  and  also  between  the 
rharves  and  the  breakwater,  diminishing,  in  consequence,  the  im])ortance 
0  commerce  and  navigation  of  this  structure.  These  shoals  appear  to 
i:ather  in  bulk  sufficient  to  obstruct  navigation  at  interv^als  of  six  or 
«yen  years,  when  dredging  becomes  necessary. 

Dimng  the  present  fiscal  year  about  $3,400  have  been  applied  to  the 
obstructions  nearest  to  the  wharves,  and  it  is  estimated  that  $5,000  more 
will  be  required  to  remove  those  nearest  the  breakwater. 

The  deposits  causing  thus  an  expeiiditure  of  nearly  $9,000  in  seven 
years  come  from  two  sources,  viz,  by  drift  from  waves  beating  along 
the  face  of  the  United  States  reservation ;  and,  second,  from  the  deposits 
of  silt,  sawdust,  &c.,  brought  dowTi  by  the  currents  of  the  Saranac. 

Ui>on  the  plan  herewith  sent  tAVO  lines  of  crib  dike  are  sketched — ^the 
one  extended  to  form  a  pocket  south  of  the  extreme  south  wharf  for  the 
collection  of  the  wash  along  the  shore  of  the  reserv^ation,  the  other  to 
change  the  direction  of  the  discharge  of  the  river,  and  to  locate  its  de- 
posits at  a  i)oint  more  distant  from  the  breakwater. 

Tlie  estimated  cost  of  these  breakwaters  is  between  $45,000  and 
$50,000.  The  annual  interest  upon  this  cost  would  somewhat  exceed 
the  annual  expense  of  dredging,  and  hence  it  is  recommended  that 
appropriations  for  dredging  be  made  from  time  to  time. 

Plattsburgh  is  in  the  coUection-district  of  Champlaiii,  and  is  a  port  of  entry. 
Nearest  fort,  Fort  Montgomery',  Rouse's  Point,  New  York. 

Amount  of  revenue  collected  at  this  port  during  the  last  fiscal  year  — . 

Commerce  to  b©  benefited  by  the  completion  of  this  improvement . 

ESTIMATE  OF  SEPTEMBER  30,  1870. 

Extension  of  break  water,  400  feet $40,000  00 

Revetment 7,000  00 

Dredging 16,000  00 

Contiugencies 2,000  00 

65,000  00 

AMOUNT  APPROPRIATED. 

By  act  of  Congress  apyjtovcd  July  11,  1870 $10,000  00 

By  act  of  Congress  approved  March  3,  1871 15,000  00 

By  act  of  Congress  approved  June  10,  1872 10,000  00 

By  act  of  Congress  approved  March  3,  1873. 10,000  00 

"  act  of  Congress  approved  June  23,  1874 ^ 5,000  00 


50,000  00 
Amount  expended 49,019  51 

Money  statement 

Jolyl,  1877,  amount  available $4,941  52 

July  1, 1878,  amoimt  expended  during  fiscal  year 3,  961  03 

%  1,1878,  amount  available 980  49 

Amount  (estimated)  required  for  dredging 5,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.    5, 000  00 
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D  la. 

IMPROVEMENT  OF  HARBOR  AT  BURLINGTON,  VERMONT. 

• 

The  240  linear  feet  of  the  southern  end  of  the  breakwater  remai 
unfinished  last  year  has  been  completed. 

A  crib  28  feet  in  length  and  of  the  required  height  for  filling,  the  " 
near  the  southern  end,  has  been  constructed,  sunk  in  jwsition,  and 
with  stone.  The  broken  timbers  along  the  water-line  of  the  exterioi 
of  the  old  breakwater,  for  nearly  1,150  running  feet,  have  been  repl 
by  the  substitution  of  new  material. 

The  work  of  repairing  the  200-feet  rent  near  the  northern  end,  b; 
removal  of  the  d^hris  and  reconstruction  of  the  superstructure  has 
completed,  and  the  exterior  face  of  this  part  of  the  breakwater,  tog< 
with  the  1,150  running  feet  of  the  old  and  270  feet  of  the  new,  neao 
southern  extremity,  has  been  resheathed  with  3-inch  pine  plank. 

Several  cells  in  tlie  old  breakwater,  whose  floors  had  failed  (or  ^ 
way),  have  been  repaired  and  filled  with  stene,  and  about  390  < 
yards  of  rubble-stene  have  been  applied  to  the  riprapping  of  difli 
parts  of  the  work. 

Under  the  appropriation  of  June  18, 1878,  of  $20,000,  it  is  propo» 
continue  the  extension  of  the  work  in  a  northwesterly  direction. 

This  work  is  in  tlie  collection  district  of  Vermont. 

Nearest  port  of  entry,  Burlington. 

Fort  Montgomery  is  the  nearest  fort. 

Nearest  light-house,  Junii>er  Island. 

Beacon  lights  are  also  maintained  upon  either  end  of  the  breakwater  in  thish] 

Amount  of  revenue  collected  at  this  port  during  the  fiscal  year,  $88,684. 

ORIGINAL  ESTIMATE. 

For  2,000  feet  of  breakwater  extension,  in  a  noiijhwest  direction,  aa  recomnu 
in  my  reporiJ  for  year  ending  Juile  30,  1874,  $340,000. 

AMOUNTS  SINCE  APPROPRIATED. 

By  act  of  Congress  approved  March  3.  1875 $25,C 

By  act  of  Congress  approved  August  14,  1876 20,  C 

By  act  of  Congress  approved  June  18,  1878 20,(1 

65,0 
Amount  expended 42,2 

Money  siatenient, 

July  1,  1877,  amount  available $15,477  15 

Amount  appropriated  by  act  approved  June  18,  1878 20,-000  00 

$35,4 

July  1,  1878,  amount  expended  during  fiscal  year ^ 12, 7 


July  1,  1878,  amount  available 22,7 

Amount  (estimated)  required  for  completion  of  existing  project 275, 0< 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    50, 0< 
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D  13. 

IMPROVEMENT  OF  HARBOR  AT  SW  ANTON,  VERMONT. 

]>Ir.  D.  White,  assistant  engineer,  submits  the  following  report : 

Under  the  appropriation  of  Augfust  14,  1876,  of  $2,000,  no  work  has 
been  done,  the  amount  being  too  small  to  permit  the  construction  of  a 
crib  of  sufficient  size  to  maintain  its  stability. 

This  breakwater  was  seriously  injured  by  ice-floes  during  the  preva- 
lence of  a  heavy  northwesterly  storm  in  the  month  of  March  last,  the 
69  linear  feet  last  constructed  was  careened  over  to  an  angle  of  about 
450,  and  two  courses  of  timber  along  the  water-line  of  the  interior  face 
of  the  adjoining  section  were  crushed  and  torn  from  their  places,  per- 
mitting a  large  quantity  of  the  stone  filling  of  the  superstructure  to  drop 
out 

Under  the  appropriation  of  June  18, 1878,  of  $20,000,  together  with 
tiie  preceding  one  of  $2,000,  it  is  proposed  to  repair  the  mjuries  inflicted 
on  the  breakwater  by  the  ice-floes,  and  to  continue  the  extension  of  the 
breakwater  in  a  northwesterly  direction  by  the  construction  of  new 
work. 

Swanton  Harbor  is  in  the  coUection  district  of  Vermont. 

Nearest  port  of  entry,  Alburgh,  Vt. 

Fort  Montgomery  is  the  nearest  fort. 

Nearest  light-hoiise,  Windmill  Point. 

The  amount  of  commerce  to  be  benefited  by  this  improvement . 

ORIGINAL  ESTIMATE. 

For  1,900  linear  feet  of  breakwater $272,160  00 

AMOUNTS  APPROPRIATED. 

By  act  of  Congress  approved  March  3,  1873 $15,000  00 

By  act  of  Congress  approved  June  23,  1874 8,000  00 

By  act  of  Congress  api>roved  March  3,  1875 10,  000  00 

By  act  of  Congress  approved  August  14,  1876 2,  000  00 

By  act  of  Congress  approved  June  18,  1878 20,000  00 

55,000  00 
Amount  expended 32,399  50 

Money  statement. 

Jalyl,  1877,  amount  available $2,610  65 

Amount  appropriated  by  act  approved  June  18,  1878 20,  000  00 

|22,  610  65 

July  1, 1878,  amount  expended  during  fiscal  year 10  15 

Jnly  1,1878,  amount  available 22,600  50 

Amount  (estimated)  required  for  completion  of  existing  project 217, 1(50  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    20,  000  00 


D  14. 

niPROVEMENT  OF  OTTER  CREEK,  VERMONT. 

For  want  of  funds,  work  on  this  improvement  has  been  suspended 
since  August,  1875. 
Under  the  appropriation  of  June  18,  1878,  it  is  proposed  to  resume 
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operations  on  the  improvement  of  the  channel  and  the  navigation  of 
Tergennes  Basin. 

Vergennes,  Vt.,  is  in  the  collection  district  of  Vermont. 

Nearest  port  of  entry,  Buriington,  Vt. 

NearcHt  fort,  Fort  Montgomery,  Konse^s  Point,  N.  Y. 

Amount  of  commerce  to  be  beiaetited  by  this  improvement . 

ORIGINAL  ESTIMATE. 

Dredging  dikes  and  fascine  work $57,646  00 

Kemoving  trees... 500  (R) 

58, 146  00 
AMOUNTS  APPROPRIATED. 

By  act  of  Congress  approved  June  10,  1872 |10,000  00 

By  act  of  Congress  approved  March  13,  1875 5,000  00 

By  act  of  Congress  approved  June  18,  1878 8,  OtK)00 

23, 000  00 
Amount  expended 14,949  10 

Money  statement. 

July  1,  1877,  amount  available $55  84 

Am'onnt  appropriated  by  act  approved  June  18,  1878 8,  000  00 

$8,055  84 

July  1,  1878,  amount  expended  during  fiscal  year 5  00 

July  1,  1878,  amount  available 8,  m  84 

Amount  (estimated)  required  for  completion  of  existing  project 35, 146  (W 

Amount  that  can  be  profitably  expended  in  fiscal  year  cucUng  June  30, 1880.      20, 000  00 


D  15. 

EXAMINATION  OF  THE  COAST  OF  LONG  ISLAND  BETWEEN  ROCKAWAY 

inlet  and  coney  island. 

United  States  Engineer  Office, 

New  YarJcy  March  8, 1878. 

General  :  I  have  respectfully  to  fiimish  the  following  report  in  pur- 
suance of  a  resolution  <5f  the  House  of  Eepresentatives  of  January  29, 

1878: 

Besolvedj  That  the  Secretary  of  War  be,  and  he  hereby  is,  directed  to  communicate  io 
the  House  as  soon  as  practicable,  what  improvements,  if  any,  are  demanded  by  the 
Interests  of  commerce  along  the  south  coast  of  Long  Island,  New  York,  between  Rocka- 
way  Inlet  and  Coney  Island  Point,  based  on  examinations  and  surveys  already  iiia^e 
by  the  Coast  Surv^ey  or  other  dejiartmeuts  of  the  government. 

The  scope  of  this  resolution  is  broad,  and  evidently  includes  a  discus- 
sion of  the  propriety  of  erecting  breakwaters  as  well  as  improving  tlie 
entrances  of  such  inlets  as  may  be  found  along  the  section  of  coast 
specified. 

BREAKWATERS. 

The  coasts  of  Long  Island  and  of  'Nxiw  Jersey  meeting  at  the  bar  at 
Sandy  Hook,  limit  a  wat^r  area  which  is  exposed  to  the  severest  gales 
(from  the  northeast  around  to  the  south)  which  desolate  tbis  c(>a«t. 
The  line  specified  under  the  resolution  is  but  5^  miles  in  length,  from 
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the  iwint  of  Coney  Island  to  Kockaway  Inlet,  and  every  part  of  it 

l)emg  in  the  immediate  neighborhood  of  the  entrance  to  the  harbor 

of  New  York,  the  question  would  naturally  arise,  what  necessity  under 

such  circumstiinces  could  there  be  for  the  construction  of  a  breakwater  f 

Obviously,  only  luider  the  contingency,  which  woiUd  belong  to  a  very 

severe  storm,  of  the  waves  breaking  on  the  bar  and  thus  preventing 

the  passage  of  the  tempest-tossed  vessels  to  the  natural  harbor  within. 

The  x)osition  for  a  breakwater  under  this  aspect  of  things  along  the 

portion  of  the  coast  under  consideration,  would  be  west  of  Eockaway 

Inlet  in  5  fathoms  of  water — the  line  facing  the  southeast.    This  line 

vould,  if  prolonged,  intersect  at  short  distances  the  shore  of  Long 

Island  and  Sandy  Hook,  and  would  thus  have  its  flanks  protected  from 

dangerous  seas.    Kockaway  Inlet,  however,  is  continually  advancing 

'westward,  accompanied  by  immense  shoals  of  moving  sand,  which  are 

gimlually  restricting  and  may  finally  obliterate  the  deep-water  area 

guitable  for  a  breakwater  and  now  lying  between  the  inlet  and  Coney 

Island  Point,  rendering  it  necessary  thereby  to  fix  the  location  in  deeper 

water  and  in  a  more  exposed  position. 

^o  money  was  granted  by  Congress  for  the  examination  of  the  locali- 
ties 8pec*ified  in  the  resolution ;  and,  for  the  purposes  of  this  report, 
recourse  has  been  had  to  charts  made  by  the  Coast  Survey  in  1855-'56 
and  1877.  There  is  a  large  amount  of  specific  information  connected 
with  tlie  qnestion  of  the  establishment  of  a  breakwater  on  this  coast 
which  would  not  naturally  be  found  in  the  mere  results  of  surveys,  and 
hence,  beyond  pointing  out  the  ob\ious  risks  of  the  shoals  hereafter 
interfering  with  the  ett'ects  of  a  breakwater  placed  in  the  position  in- 
dicated, it  is  not  expedient  under  existing  circumstances  to  attempt  to 
be  more  exact  in  i^redicting  results. 

EttPBOVINa  THE  INLETS. 

There  are  two  inlets  within  the  space  considered,  into  Jamaica  Bay 
and  into  Sheepshead  Bay.  The  former,  called  Kockaway  Inlet,  is  by  far 
the  most  considerable,  and  is  besides  the  only  one  of  which  surv^eys  have 
been  published. 

The  Coast  Survey  of  1855-'56  shows  a  depth  over  the  bar  of  9  feet 
at  mean  low- water,  and  the  recent  examination  in  1877  shows  an  im- 
proved depth  of  15  feet.  Tlie  first  sun^ey  makes  the  channel  from  the 
inlet  to  the  bar  much  curved,  presenting  its  concavity  to  the  eastward. 
The  last  survey  shows  a  straight  channel,  its  direction  being  a  little 
to  the  west  of  south. 

It  is  quite  likely,  from  this  information  as  well  as  from  general  princi- 
ples, that  the  straight  channel,  under  like  circumstances,  would  always 
correspond  to  the  greatest  dex)th  over  the  bar,  though  a  more  lengthened 
course  of  observations  would  be  needed  to  demonstrate  absolutely  this 
conclusion,  and  what  is  more  important,  to  point  out  what  direction 
given  to  the  channel  would  correspond  to  the  greatest  possible  depth  on 
the  bar. 

This  inlet  with  the  shoals  attached  has  moved  westward  from  1856  to 
1B77,  a  i)eriod  of  twenty-one  years,  a  distance  of  4,620  feet,  being  at 
the  rate  of  220  feet  per  year.  An  attemi^t  to  arrest  tliis  movement  by 
artificial  works  would  be  successful  only  after  enormous  exi>enditures, 
and  would  inevitably  result  in  the  obliteration  of  the  inlet  itself.  The 
8ole  improvement,  therefore,  of  which  this  entrance  is  susceptible  consists 
in  giving  the  proper  direction  to  its  channel,  and  this  can  be  done  by 

constnicting  a  series  of  groins  upon  the  eastern  shoal  to  encroach  upon 


426  REPORT   OF  THE   CHIEF   OF   ENGINEERS. 

the  eastern  edge  of  the  channel  at  those  places  where  it  may  be  found 
necessary  to  remedy  or  modify  a  curvature  in  the  course  of  the  channel 
It  is  obvious  that  these  constructions  will  not  interfere  with  the  free 
movement  westward  of  the  shoals  and  inlet. 

The  groins  should  be  of  little  height  and  submerged  wherever  practi- 
cable, and  be  constructed  of  gabions  as  recommended  and  tested  by 
Major  Howell,  Corps  of  Engineers,  at  Galveston. 

The  cost  per  running  foot  of  these  constructions  would  at  most  be  $20, 
and  this  high  rate  is  assumed  because  it  would  be  at  infirequent  and 
irregular  intervals  only  that  the  work  would  go  on. 

The  depth  over  the  bar  being  now  15  feet,  no  improvement  at  present 
api)ears  to  be  needed. 

The  south  coast  of  Long  Island,  from  Coney  Island  to  and  beyond 
Rockaway  Inlet,  is  the  subject  of  a  present  and  apparently  i>ennanent 
development.  As  a  simimer  resort  it  numbers  its  visitors  already  by 
hundreds  of  thousands,  and  the  necessary  establishments  for  their  ac- 
commodation are  steadily  and  largely  on  the  increase. 

The  commerce  by  vessels  is  now  principally  confined  to  the  summer 
season. 

The  qualities  of  the  locality  as  a  convenient  and  healthftd  summer 
resort,  and  the  proximity  and  extension  towards  the  coast  of  the  large 
city  of  Brooklyn,  wiU  probably  lead  to  a  large  permanent  iMjpulation, 
for  the  supply  of  which  the  water  expanse  of  Jamaica  Bay  and  the  pres- 
ervation of  its  inlet  in  good  condition  will  be  important  items.  From 
the  nature  of  the  case  there  can  be  no  definite  statistics  of  commeroe 
and  navigation  ftimished  for  this  section  of  the  coast. 

According  to  the  present  rate  of  advance  westward,  Eockaway  Inlet 
in.  about  sixty  years  will  have  moved  with  its  shoals  and  have  become 
mixed  with  the  passes  and  shoals  of  Kew  York  Harbor  lj4ng  between 
Sandy  Hook  and  Coney  Island.  WTien  this  shall  hapi)en,  the  iiSet  will  be 
practically  closed. 

But  there  is  no  certainty  that  the  present  rate  of  advance  will  be 
maintiiined,  because  the  information  is  not  available  to  determine  whether 
the  currents  from  l^ew  York  Bay  may  not  seriously  check  and  modify 
such  movement. 

Whatever  may  be  its  duration,  it  is  but  fair  to  grant  the  strong  prob- 
ability that  sooner  or  later  the  inlet  must  close  for  commercial  purposes, 
and  hence  the  scheme  of  improvement  adopted  should  be  inexpensive, 
like  that  recommended  in  a  former  part  of  this  rei)ort. 

CONCLUSIONS. 

1.  A  breakwater  along  this  section  of  the  coast  will  be  needed  only 
when  the  waves  break  on  the  bar  at  Sandy  Hook,  and  make  a  run  into 
New  York  Bay  dangerous  or  imi>ossible. 

2.  The  advance  of  the  iidet  and  shoals  westward  will  probably  inter- 
fere with  the  future  use  of  the  breakwater,  unless  the  position  of  this 
stnietiire  be  advanced  into  deep  water  sufficiently  far  to  avoid  such 
residt. 

3.  The  channel  leading  into  Bockaway  Inlet  is  now  straight,  and 
maintains  the  considerable  depth  of  15  feet  over  the  bar,  which  is  amply 
sufficient  for  all  present  and  future  commercial  purposes. 

4.  Although  the  motion  westward  of  the  inlet  and  its  channel  cannot 
be  prevented,  nevertheless  such  direction  and  shape  to  this  channel  can 
be  preserved  as  may  be  found  by  experience  to  accompany  and  belong 
to  the  greatest  draught  over  its  bar. 
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5.  There  is  a  strong  probability  that  sooner  or  later  the  inlet  will  clos^ 
for  conunercial  purposes,  and  hence  the  mode  of  improvement  should  be 
inexi^ensive,  as  recommended  in  the  report. 

6.  The  information  to  be  obtained  and  bearing  upon  the  subjects  con- 
sidered^ although  indicative  of  certain  general  results,  is  altogether 
insufficient  for  a  complete  solution  of  the  questions  formally  i^resented 
and  of  those  arising  from  a  consideration  of  the  subject,  and  fiirther 
examinations  intelligently  directed  may  largely  modify  certain  conclu- 
sions now  considered  altogether  probable. 

Respectfully  submitted. 

John  Newton, 
Lieut  Col.  Engineers^  Bvt  Maj.  Oen. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  o.  8.  A. 


D  i6. 

EXAMINATION    AT   JUNCTION  OF   NEWTOWN   CREEK  AND   EAST   RIVER, 

NEW  YORK. 

United  States  Engineer  Office, 

New  Yark^  March  26,  1878. 

General.  :  I  have  the  honor  to  acknowledge  the  receipt  of  a  letter 
from  the  office  of  the  Chief  of  Engineers  of  the  21st  instant,  communica- 
ting the  following : 

In  the  House  of  Representatives, 

March  2U,  1878. 
On  motion  of  Mr.  Covert : 

fiew/r«i.  That  the  Secretary  of  War  be  requested  to  inform  this  Honse  whether  any 
deposit*  have  occnrred  at  the  piers  near  the  junction  of  Nevrtown  Creek  and  the  East 
River,  in  the  State  of  New  York,  calculated  to  obstruct  navigation,  and  if  so,  the  prob- 
able cost  of  removing  the  same. 

On  February  8,  last,  I  received,  by  indorsement,  from  the  office  of  the 
Chief  of  Engineers,  a  communication  upon  the  subject  of  the  improve- 
ment of  Newtown  Creek,  from  JVIr.  H.  S.  Anable  to  the  Hon.  James  W. 
Covert,  M.  C. 

Union  College  Land  Office, 

Long  Island  Cityy  December  10, 1877. 

Dear  Sir  :  Herewith  I  send  vou  map  of  the  month  of  Newtown  creek,  showing  water 
frant  and  dock  lines.  The  docks  on  the  north  side  of  the  creek,  as  well  as  the  east  side 
^the  East  River  at  this  i)oint.  are  all  huilt  and  mostly  occupied;  and  so  is  the  most 
of  it  on  the  Brooklyn  side  of  the  creek. 

At  the  mouth  of  this  creek  is  a  heavy  sand  bar  which  very  seriously  disturbs  the 
<^«>inmerce  of  the  creek.  Much  money  has  already  been  expended  by  private  individ- 
^Ulfl  n(»ou  this  bar,  but  the  burden  is  too  great  and  the  benetit  too  general  for  privat'O 
^t«rprise. 

An  appropriation  of  $30,000  judiciously  expended  in  removing  this  bar  would  give 
^  feet  of  water,  and  thus  open  Newtown  Creek  to  the  commerce  of  the  world.  Large 
<)Qantitie8  of  refined  oil  is  already  shipped  from  this  creek,  which  is  taken  in  lighters 
oatside  of  the  bar. 

I  know  of  no  expenditure  of  money  which  would  be  more  national  in  its  character 
than  the  improvement  of  this  portion  of  the  harbor  of  New  York. 

Lairt  winter,  late  in  the  session,  Mr.  A.  M.  Bliss,  of  Brooklyn,  introduced  a  bill  for 
tliis  purpose.  He  has  spent  the  most  of  his  life  on  the  banks  "of  this  creek,  and  knows 
*11  about  its  needs.  Please  consult  him.  Hon.  C.  N.  Potter  understands  this  case,  and 
"^U  give  you  any  needed  assistance.     Please  mention  to  him  the  substance  of  this  let- 

ter.   He  will  be  a  great  power  in  this  matter. 
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Should  it  be  necessary,  I  will,  at  the  proper  time,  go  before  the  committee  having 
the  bill  in  charge  uith  any  further  needed  information.     I  hope  you  will  have  the  biU 
introduced  before  the  recess. 
Respectfully  yours, 

H.    8.  AXABLE. 

Hon.  James  W.  Covert. 

February  2,  lt<78.      ! 

My  Dear  Sir:  I  beg  most  respectfully  to  call  your  attention  to  the  within  com- 
munication, and  to  solicit  yonr  kindly  offices  in  having  a  preliminary  survey  of  the 
locality  in  question,  to  the  end  that  the  improvement  referred  to  may  be  made. 
With  great  regard,  your  obedient  servant, 

James  W.  Comcrt, 
Bepresentative  First  Xetv  York  Duirict. 
Gen.  A.  A.  Humphreys, 

Chief  of  Engineers f  U.  S.  A, 

[Second  indorsement.  | 

Office  of  the  Chief  of  Enoineer.s 

February  7, 1^*8. 

Respectfully  referred  to  Lieut.  Col.  John  Newton,  Corps  of  Engineers,  for  report. 
By  command  of  Brigadier  General  Humphreys. 

John  G.  Parke, 
Major  of  Engineen. 

Notwithstanding  the  fact  that  no  funds  were  granted  with  which  to 
conduct  an  examination,  certain  information,  not  complete,  however,  had 
been  collected  upon  which  to  base  an  opinion  in  replj'  to  the  above  com- 
munication at  the  time  when  the  notice  of  the  Congressiomiil  resolution 
was  communicated  to  this  office. 

As  neither  demand  for  a  report  supposed  that  money  for  examinations 
of  the  creek  and  for  collecting  infonnation  was  require^l,  it  is  not  to  be 
exi)ected  that  this  report  should  contain  any  matter  that  ha«  not  been 
pre\ioiisly  known. 

A  comparison  of  present  soundings  with  those  of  1856-'57,  shows  a 
general  as  well  as  considerable  silting  up  of  the  creek,  and  the  inference 
is  that  this  diminution  of  depth  is  due  to  reclaiming  lands  under  water, 
and  thus  diminishmg  the  tidal  area. 

The  bridge  over  the  creek  at  the  foot  of  Vernon  avenue  is  a  great 
obstruction  to  the  flow  of  the  tides,  and  should  be  essentially  modified 
or  removed ;  and  it  is  rei)oi'ted  that  there  are  two  other  bridges  above 
this  which  likewise  interfere  with  the  tides. 

The  character  of  the  bottom,  both  up  the  creek  and  on  the  bar,  was 
found  in  most  places  to  be  mud,  in  some  places  so  soft  that  the  sounding 
leail  sunk  2  feet  into  it. 

The  current-observations  show  that  the  velocities  of  the  ebb  and  flood 
in  mouth  of  the  creek  are  too  small  to  be  available  in  preser\ing  depths 
once  dredged. 

In  reply  to  the  resolution  of  Congress,  it  must  be  stated  that  deposits 
have  occun'ed  at  the  piers  near  the  junction  of  Newtown  Creek  and  the 
East  lliver,  and  that  the  probable  cost  of  removal  to  a  depth  of  14  f<^t 
at  mean  low-water  would  be  $2,000. 

This  shoal  has  been  dredged  at  some  time  past,  and  the  present  depth 
is  nearly  uniform  from  the  junction  of  the  creek  with  the  East  Eiveras 
far  up  as  the  bridge  at  Yenion  avenue. 

Dredging  luiless  repeated  will  be  of  no  avail  in  keeping  oi)en  the  chan- 
nel even  to  a  depth  of  14  feet  at  mean  low-w^ater,  and  if  the  projected 
lines  of  filling  be  adliered  to,  the  normal  depth  of  the  entrance  and  the 
creek  will  be  far  less  than  14  feet.  , 

The  city  of  Brooklyn  contains  within  its  limits  three  channels  wbi^*^ 


i       1 
'       ) 
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ite  into  the  heart  of  the  city,  and  are  of  great  utility  in  afibnling  ? 

:  places  at  convenient  iwints  for  heavj*  gootls,  and  tliereby  diniin- 
the  amount  of  truckage  and  exi>ense  required  for  their  distribu- 
rwo  of  these,  the  Growanus  and  the  Wallabout  Canals,  are  coni- 

or  nearly  bulkheade<l,  and  may  be  regarded  as  finislunl;  the 
3ushwick  Creek,  is  very  little  better  than  a  swamp,  and  the  in- 

has  not  been  developed  either  to  canalize  it,  like  the  former  two, 
Jl  it  up  for  conversion  into  building  lots,  Nexi'town  creek,  situ- 
?tween  Brooklyn  and  Long  Island  Citj',  not  only  subserves  the  |i  j 

e  of  a  commimication  to  the  interior  of  these  cities,  and  thus  aids  H* ' 

i^heap  distribution  of  goods,  but  it  is  claimed,  likewise,  as  a  pro- 
Einnel  for  vessels  of  hea\'y  draught  to  load  at  the  wharves  upon 
ks.  I 

tendency  always  is  to  contract  the  width  of  channels  penetrating  |  \ 

city,  and  to  fill  in  the  lowlands  on  their  margin  which  overflow  »»  * 

le  tides,  for  various  reasons,  some  of  which  are  of  paramount  im- 
ee — as,  forinstance,  to  establish  convenient  sites  for  business,  man- 
•es,  &c.,  as  well  as  to  atlhere  to  a  certain  design  mlopted  for  the 
'  the  city.  The  value  of  the  land  on  the  margin  liecomes  also  so 
Jiat  it  is  considered  more  profitable  to  retleem  it  fix)m  the  water 
)  secure  the  preservation  of  the  original  depth  of  the  channel  by 
er^'ation  of  suitable  width  and  space  for  a  tidal  basin.  Tlie  stream 
lually  encroached  upon,  its  tidal  basins  converted  into  building 
id  the  process  of  canalization  progresses,  until  a  narrow  chaimel 
n  parallel  bidkhead  walls  is  all  that  remains  of  its  foimer  pix)por- 

In  the  mean  time  the  depths  have  decreased  to  an  alarming  ex- 
here  is  but  one  resource,  and  that  is  to  dredge  and  to  continue 

ng. 

0  this  time  such  has  been  the  effect  of  the  encroachments  ui>on 

1  of  Newtown  creek.  The  current  has  so  slackened  that  it  is  uica- 
of  maintaining  a  depth  of  13  feet  at  mean  low-water  \^ithout 
Qgs  rei)eated  from  time  to  time,  and  if  the  process  of  reclaiming 
om  the  chamiel  l>e  continued  upon  the  scale  in  which  it  has  com- 
1,  the  current  will  be  made  entirely  inoperative  for  scouring.  The 
aid  down  by  the  commission  of  18o6-'57,  contract  too  much  the 
,  and  if  followed  will  entirely  destroy  its  properties  as  a  self-maiu- 
\  channel. 

current,  even  as  it  at  present  exists,  is  not  sufficient  to  clear  off 
t  deposits  wliich  form  upon  the  harder  bottom, 
want  of  money  to  prosecute  a  suitable  survey  and  examination  of 
lole  length  of  the  creek  forbids  any  decision  as  to  the  value,  after 
las  already  been  done,  of  preventing  further  encroachments  and  a 
r  deterioration  in  depth. 
s  not  my  pro>ince  to  discuss  the  propriety  of  appropriations  for 

nirr»v*»mpnt    lint.  if.  la  nnvrlnfv  tr»  iirAaanf  f  ti^^  Tiriii#oi^al  onnriiiiu^iniiiir 
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D  17. 
EXAMINATION  OF  FLUSHING  BAY,  NEW  YORK. 

:N^ew  York,  March  28, 1878, 

General  :  I  have  respectfully  to  acknowledge  the  receipt  of  com- 
mujuication  of  the  26th  altuno,  fix)m  the  office  of  fiie  Chief  of  Engineers, 
convening  the  following : 

Ix  THE  House  of  Representatiatjs, 

F^ruarp  25, 187^ 
On  motion  of  Mr.  Covert, 

Resolved,  That  the  Secretary  of  War  be,  and  he  is  hereby,  directed,  to  comnnmicato 
to  this  Honse  as  soon  as  practicable  what  improvements,  if  any,  are  demanded  bypulv 
lic  interests  or  by  the  interests  of  connnerce,  for  the  improvement  of  Flushing  Bay,  in 
the  State  of  New  York,  and  the  navigation  thereof,  together  with  the  estimated  cost 
of  such  improvements. 

As  no  money  has  been  granted  to  defray  the  expenses  of  a  survey  or 
examination  of  the  locality ,  it  is  to  be  presumed  that  this  report  was 
intended  to  embody  information  which  would  be  available  without  cost 
to  the  government. 

Inclosed  will  be  found  copies  of  letters  from  Messrs.  E.  Piatt  Stratton, 
William  B.  Drai)er,  and  J.  Milnor  Peck,  prominent  citizens  of  the  loc^il- 
ity,  which  recapitulate  the  points  constituting  the  alleged  necessity  for 
impix)vement  of  the  navigation  of  Flushing  Bay. 

From  these  cx^mmunications  it  appears  that  the  number  of  inhabitants 
to  be  benefited  is  about  30,000,  and  that  visits  to  New  York  must  be  paid 
by  rail,  as  the  draught  of  water  in  Flushing  Bay  has  so  diminished  that 
communication  by  boat  can  be  had  at  only  or  about  high-water. 

Prior  to  1863  ftilly  one-half  of  the  communication  was  efiected  by  two 
steamboats  making  each  six  trijjs  daily. 

In  1861  there  was  a  depth  of  five  feet  at  average  low- water  to  Flush- 
ing ;  but  at  present  this  draught  has  decreased — exactly  how  much,  the 
accounts  ditier. 

To  decide  upon  the  feasibility  and  cost  of  an  improvement  of  naMga- 
tion  a  survey  and  examination  would  be  necessary,  as  the  sole  informa- 
tion on  these  points  now  available  comes  from  the  Coast  Survey  sound- 
ings of  1855  (a  tracing  of  which,  embracing  Flushing  Bay,  is  sent  here- 
with), of  a  date  prior  to  the  alleged  diminution  of  depth  in  the  bay. 

It  is  to  be  presumed  that  the  causes  which  have  concurred  in  causing 
a  deposit  in  the  bay  since  1863  will  continue,  and,  if  so,  that  a  remedy 
to  this  shoaling,  by  means  of  dredging  alone,  must  be  repeated  from  time 
to  time,  depending  for  its  frequency  upon  the  rate  of  deposit. 

The  estimate  for  dredging,  under  present  knowledge  of  the  locality, 
must  be  conjectiu^l,  and  is  given  under  the  assiunption  that  it  is  required 
to  make  an  excavation  of  the  bottom  one  mile  long,  one  hundred  feet 
wide,  and  three  feet  deep,  which  would  cost,  supposing  the  material 
throughout  to  be  of  ordinary  hardness,  $15,000. 

Respectftilly  submitted. 

John  ]N"ewton, 
Lieut  Col,  of  Engineers^  Bvt.  Mdj.-Oen* 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8,  A, 


APPENDIX  E. 

TAL  BEPORT  OF  COLONEL  J.  K,  MACOIVrB,  CORPS  OF 
imEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

United  States  Engineer  Office, 

Fhiladelphmy  Fa.^  July  10,  1878. 

rERAL :  I  have  the  honor  to  submit  herewith  the  annual  reports 
he  several  works  in  my  charge,  for  the  fiscal  year  ending  on  the 
f  June,  1878,  together  with  the  estimates  for  the  completion  or 
r  prosecution  of  these  works  for  the  fiscal  year  ending  30th  of 
1880. 

submitting  these  reports  I  would  state  that  I  took  charge  of  this 
3n  the  1st  of  December,  1877,  in  pursimiice  of  Special  Orders  No. 
ited  Headquarters  of  the  Army,  3l8t  of  October.  1877.  The  works 
1  the  charge  of  Lieut.  Col.  J.  D.  Kiutz,  Corps  of  Engineers,  U.  S.  A., 
he  time  of  his  death,  which  occurred  on  the  16th  of  October,  1877. 
William  Ludlow,  Corps  of  Engineers,  U.  S.  A.,  who  had  l)een  the 
int  of  Lieutenant-Colonel  Kurtz,  was  assigned  temporarily  to  the 
i  of  the  works,  by  Special  Onlers  from  the  headquarters  of  the 

of  Engineers,  under  date  of  20th  of  Octol>er,  1877,  and  so 
aed  until  I  entered  fully  upon  the  duties  of  this  station  in  the 
part  of  January,  1878. 

field-work  having  generally  ceased  before  my  arrival  here,  I  called 
Captain  Ludlow  and  the  assistant  engineers  engaged  upon  the 

during  the  past  year  to  prepare  the  reports  which  I  now  beg 
to  present,  as  gi^ing  the  fullest  information  on  the  subject  which 
1  my  power  to  give. 

I  remain,  verj'  respectfiilly,  your  most  obedient  ser\^ant, 

J.  N.  Macomb, 

Colanel  of  Engineers. 
g.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


Ex. 

TRUCTION  OF  PIER  IN  DELAWARE  BAY,  NEAR  LEWES,  DELAWARE. 

B£POBT  OF  CAPTAIN*  WILLIAM  LUDLOW,   CORPS  OF  ENGINEERS. 

UxiTKD  States  Engineer  Office, 

Philadelphia,  Fa.,  July  8,  1876. 

OXEL :  I  have  the  honor  to  snhmit  herewith  my  report  of  operations  for  the  fiHcal 
uding  Jnne  30,  1878,  for  conutmcting  pier  in  Delaware  Bay,  near  Lewes,  Del. 
operatioDS  from  the  commencement  of  the  working  season  to  June  30,  1877,  are 
in  the  Report  of  the  Chief  of  Engineers  for  1877,  pp.  2DSy  et  neq, 
ly  in  July  a  test  was  made  of  the  weight-sustaining  capacity  of  the  large  pile 
K'H  inches  in  diameter  and  55  feet  long)  and  of  the  gravel  stratum  in  whicth  tfieir 
srwrt.  For  this  puri)ose  pile  No.  265,  the  center  one  of  the  seventy-fifth  row,  1,575 
rom  shore,  waa  selected  as  characteristic  and  convenient.  The  crof4»-brac4;«  con- 
n^it  with  the  adjoining  piles  of  the  same  row  were  allowt*d  to  remain  attached, 
iviate  danger  of  flexore  from  possible  inequality  in  distribution  of  load.     It  was 
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otherwise  unsupported.  A  cradle  of  wood  was  framed  and  bolted  securely  to  the  c 
and  the  testing  weights  applied,  consisting  of  6  pile  shafts,  aggregating  with  the  oti 
ap]>endages  about  63,10()  i)ounds  in  weight.  These  were  succeijsively  raiiied  from  t 
deck  of  the  vessel  that  delivered  them,  and  lowered  upou  the  cradle,  the  opera ti 
being  closely  watched  by  means  of  a  leveling  instrument.  The  load  wa«  allowed 
remain  on  over  night,  and  as  no  depression  could  be  detected  after  sixteen  hours 
trial  the  t<»8t  was  considered  to  have  established  the  satisfactory  character  of  the  gn^ 
stratum  and  of  the  workmanship  of  the  pile  and  screw. 

In  the  case  of  all  the  piles  driven  during  the  season,  although  they  would  at  int< 
vals  descend  of  their  own  weight,  sometimes  as  much  as  5  feet  or  6  feet  through  t 
soft  strata  penetrated,  they  invariably  brought  up  solidly  when  reaching  the  gra^ 
stratum,  and  nearly  the  full  power  of  the  engine  was  developed  in  gaining  the  last 
or  14  inches. 

In  putting  in  position  the  30  piles  which  constitnto  the  main  feature  of  the  seafio 
work,  and  in  all  the  ojierations  in  connection  therewith,  the  performance  of  the  am 
ratus  was  entirely  satisfactory ;  the  steam-engine  mounted  upon  the  derrick-platfc 
furnishing  the  motive  power  for  all  maneuvers. 

The  sliding  shoes  of  yellow  pine,  built  to  replace  the  cast-iron  brackets  and  whe 
under  the  center  main  timbers  of  the  derrick,  were  found  to  answer  their  purpose  j 
mirably,  and  with  a  lubricator  composed  of  a  mixture  of  black-lead  and  tallow,  1 
derrick  was  moved  forward  w^hen  re<iuired  with  great  smoothness  and  rapidity. 
Saturday,  July  7,  4  piles,  completing  the  seventy-sixth  row,  were  screwed  doi^ii  in 
hours,  including  two  trips  to  shore  with  the  scow  for  the  piles. 

It  was  found  that  the  material  could  be  disposed  of  so  much  faster  than  the  c 
tractors  could  furnish  it,  that  it  was  determined  on  July  10  to  suspend  oj^erationsiu 
the  final  delivery  of  the  iron-work  under  contract.      The  last  cargo  was  recei^ 
August  28.     Previous  to  this  date  work  recommenced  upon  necessary  repairs  and 
sirable  improvements. 

The  labor  of  hauling  the  timbers,  tools,  chains,  cordage,  &c.,  from  the  shore  to 
end  of  the  pier,  a  distance  of  some  1,600  feet,  had  become  onerous,  and  a  push-car  a 
constructed  of  3  feet  gauge,  with  light  wheels  and  axles,  and  a  frame  10  feet  lo 
The  3-inch  by  6-inch  deck-x»lank  laid  longitudinally  on  the  east  side  of  the  pier  w 
utilized  as  rails.  An  important  and  advantageous  modification  was  also  ma<le  in  tl 
portion  of  the  derrick  rigging  which  is  applied  when  raising  the  pile  from  its  horizon 
position  on  the  scow  to  a  vertical  one  preparatory  to  lowering  it  in  place.  An  ing 
lous  coupling  was  devised  by  W.  H.  Scofield,  the  overseer,  which  obviated  much  1 
of  time  in  splicing  "the  runner" — a  rope  by  which  the  engine-<lrum  turns  the  capst. 
head  in  screwing  down  the  piles.  Full  detail  drawings  and  descri^)tion  of  the  p 
fected  apparatus  and  maneuvers  are  in  prejiaration  and  will  be  furnished  at  the  cl 
of  the  next  season's  operations. 

By  direction  of  the  late  Lieut  en  ant^Colonel  Kurtz,  preparations  were  made  forU 
ing  the  stability  of  the  fifty-seventh  row  of  iiiles,  the  third  in  the  pier-head  and  1, 
feet  from  shore.  This  row  is  the  outermost  of  the  6i-inch  piles,  33|  feet  long,  a 
stands  near  a  i>oint  where  the  stratum  in  which  the  screws  lie  changes  its  chanu* 
and  sustaining  power.  In  1873,  the  center  pile  of  this  row  had  been  depressed  2  inch 
and  the  adjacent  ones  ^  inch  and  f  inch  respectively,  under  a  calculated  weight 
about  42,000  pounds,  when  fully  braced  crosswise  and  to  the  rear.  Colonel  Kuiti  a 
sidered  it  desirable  to  further  test  its  endurance. 

The  account  of  this  test,  with  the  results,  is  given  in  my  report  of  Septcmhei 
1877,  from  which  the  following  extracts  are  taken : 

*'In  order  to  make  the  test,  the  cross-braces  throughout  the  row  were  disconnects 
Three  longitudinal  braces  were  left  on  each  of  the  outer  piles  and  one  on  the  cent 
one,  to  guard  against  possible  accitlent  from  the  superimposed  weight  ])roving  t 
great  and  occasioning  excessive  subsidence.  Nos.  2  and  4,  upon  which  the  weigl 
were  to  be  placed,  were  entirely  freed.  The  deck-planking  was  taken  up,  the  reiuaJ 
der  of  the  superstructure  being  undisturbed.  Blocks  were  placed  over  Nos.  2  and 
directly  on  the  girders  and  the  intersecting  9-inch  by  9-inch  cross-beams.  Strips 
wood  were  attached  to  each  pile,  and  a  staging  i)ut  up  under  the  pier  at  a  short  d 
tance  for  level  observations." 

Under  these  circumstances  the  weights  were  applied,  and  the  results  noted  hy  t 
level.  Six  j^iles,  weighing  62,400  pounds,  were  rolled  on  and  pennitted  to  remain  ov< 
night.  Five  others  were  added  next  morning,  making  11  in  all,  weighing  IH,* 
pounds.  The  subsidence,  which  began  at  once  and  gradually  increased,  was,  with  tl 
ultimate  load,  If  inches  for  No.  2,  2j  inches  for  No.  4,  and  J  inch  for  No.  3,  the  cent 
one.     The  outer  piles  were  but  slightly  aft'ected. 

The  conclusions  reached  from  the  test  were  as  follows : 
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57th  n)w  po88(\s8e8  less  bearing  oa«acity  than  it  should.  The  O^-inch  piles 
ly  large,  and  will  bring  this  bay  fully  up  to  the  average  strength  of  the  pier, 

up,  lengthened,  and  redriveu  to  the  gravel  stratum.    The  expense  of  doing 
rtimateil  at  S^.WK). 
I  will  admit  of  all  the  present  material  l»eing  used  again. 

h  the  57th  row  resting  solidly  uiK)n  the  gravel  stratiun,  no  apprehensions  need 
taine<l  as  to  the  entirely  satisfactory  stability  of  the  56th  row." 

'se  views  Colonel  Kurtz  concurred,  and  the  project  for  lengthening  and  retlriv- 
57th  r»»w  is  included  in  the  estimate  for  next  season's  operations, 
g  much  of  ^September  the  weather  proved  uufavtuable,  and  a  heavy  gale  oc- 
►n  the  eith. 

pteml>er  10,  2  piles  of  the  77th  row  were  driven,  and  on  the  12th  the  remain- 
Lings  were  made  under  the  57th  row  by  means  of  a  6-inch  auger  attached  to  a 
(m1,  and  the  relative  resistance  of  the  strata  pierced  calculated  from  the  force 
I  to  turn  the  screw.  The  depths  to  the  gravel  were  carefully  noted,  in  view 
in>)M>sed  lengthening  of  these  piles. 

inlier  24,  4  piles  were  driven,  and  the  remaining  one  of  the  78th  row  on  the 
I  dynamomet*»r  curve  was  obtained  for  the  pile  (No.  280),  atfonling  a  measure 
*<iHtance  at  the  various  depths.  An  accident  to  the  capstan-wheel  broke  3  of 
i,  ami  occasioned  a  loss  of  H  houiV  time,  or  the  whole  row  would  have  been 
m  <m  the  24th. 
e  28th,  the  five  piles  of  the  79th  and  final  row  of  the  season's  work  were  screwed 

The  time  consimied  in  this  work  was  10  hours  and  53  minutes,  which  included 
ishore  with  the  scow  and  loading  the  last  two  piles.  The  cams  of  the  capstan- 
3y  means  of  which  the  screwing  motion  is  imptirted  to  the  pile,  from  long  and 
lear  had  become  much  tlattened,  and  occasioned  a  delay  of  over  2  hours  from 
;  on  the  piles.  The  actual  working  time  during  which  the  5  piles  were  put  in 
I  was  less  than  9  hours. 

laterial  for  the  season's  operations  having  been  exhausted,  preparations  were 
>  close. 

>ra<*iiig  of  the  outer  rows  was  completed,  and  the  5  outermost  longitudinal 
vere  lowered  to  the  bed  of  the  harbor,  after  the  screw-threads  had  been  care- 
rapped  with  hemp  and  tallow.  The  derrick,  engine,  and  other  appliances 
»mantled,  and  the  loose  parts  stored.  The  caps  of  the  two  outer  rows  of  piles 
mne<!t€d  by  timbers  securely  bolted  on,  to  strengthen  them  against  possible 
?  of  ice  or  collision  with  vessels. 

•er  5,  a  heavy  gale  did  great  damage  to  the  shipping  in  the  harbor, 
•er  15,  the  property  was  put  in  charge  of  the  ovei*seer  as  keeper  until  operations 
tie  resnmed. 

Dllowiug  was  the  condition  of  the  pier  at  the  end  of  the  season.  The  30  piles 
>lace  included  the  79th  row,  1,059  feet  fi'om  the  abutment,  and  extended  the 

feet : 

Feet 

■s,  12  inches  by  12  inches,  extended  to 1, 554 

H,  12  inches  by  12  incbes,  extended  to 1, 53:J 

ists,  4  inches  by  9  inches,  extended  to 1,  t)X^ 

uists,  4  inches  by  4  inches,  extended  to 1, 512 

J,  wf»st  side,  extended  to 1, 44  J 

5,  e:i.st  side,  extended  to 1, 407 

»j>erstructure  of  the  pier  was  not  pushed  as  far  as  it  might  have  been,  for  the- 

hat  it  is  projM>sed  to  suggest  consiclerable  modifications  in  the  plan  of  construc- 

the  pier-head,  in  order  to  adapt  it  fully  to  its  intended  uses. 

ounecticm  between  the  continuous  12-inch  by  12-inch  girders  was  changed  from 

:o  a  butt-joint  over  the  72d  row  of  piles,  l,5i2  feet  from  abutment. 

loped  that  the  existing  appliances  will  be  able  to  perform  another  season's 

>ut  apprehension  is  felt  that  such  may  not  be  the  case.,  The  derrick,  in  especial, 

pensive  structure,  has  done  faithful  service,  and  stood  exposed  Ut  the  weather 

*  construction  and  during  protracted  suspensions  of  work,  suffering  more  injury 

ne  than  use. 

Id  it  break  down,  the  small  appropriation  available  would  be  seriously  encroached 

» repUw-e  it.  , 

impossible  to  avoid  expressing  regret  that  the  fuU  amount  ($.'0,000)  asked  for 

•rk  was  not  appropriated,  that  it  might  be  cimipleted  during  the  coming  s<*aHon, 

over  to  the  public  for  use,  and  the  estimates  relieved  of  farther  expense  for  its 

nance. 

28E 
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The  original  estimated  cost  of  the  pier  was $387. 419  67 

\Vhich  was  increased  on  aceoimt  of  the  advance  in  price  of  iron  and 
labor  and  the  oi>eration8  of  the  8-hour  law  hy 24.  fW  «1(^ 


411,419  67 
Owing  to  the  decreased  price  of  iron  and  use  of  wood  instead  of  iron  in 

the  fender-system,  the  estimate  was  reduced  by 55, 819  67 


355,6<W0Dj 
Owing  to  the  reduced  appropriation  recently  made,  being  only  two-fifths  of 
the  amount  aske4  for  completing  this  work,  it  is  deemed  necessai*>"  to 
further  increase  the  amended  est imate  bv  some 4, 4(W  00 ] 


Total  amount  appropriated  to  June  .30,  1878 :«5,  ()00  00; 

This  brings  up  the  amount  necessary  for  completing  the  pier  to  the  sum  of.      35,  (Ml  W 

Which  is  respectful] V  asked  for  the  fiscal  vear  ending  June  30,  1880. 

Total  amount  expended  to  June  30,  1878.  * 304.1*9^  91  J 

Money  statement. 

July  1,  1877,  amount  available |!20,h21  63 

Amount  appi*opriaited  by  act  approved  June  18,  1878 !^0J.HX)  00 

$40,8:21  6»  I 

July  1,  1878,  amount  exi>ended  during  the  fiscal  vear 20.  r*!it)  54  « 

July  1,  1878,  amount  available ,\ 20,(W1 09  ^ 


Amount  (estimated)  required  for  completion  of  existing  project 35,  'XW  OO 

Amount  that  can  be  profitably  exp  e  ided  in  tiscal  year  ending  June  30, 1880.      35,  (XW  OO 

Very  respectfully,  your  obedient  servant, 

Wm.  LrDU)W, 
Captain  of  Enginren. 
Col  J.  N.  Macomb, 

Corps  of  Engint'irSy  V.  S.  A, 


£  2. 

IMPROVEMENT  OF  ICE  HABBOR  OF  NEW  CASTLE,  DELAWARE. 

report  of  mr.  john  j.  lee,  assistant  engineer. 

Engineer  Office, 
Fort  Delaware^  July  1,  187d 

Colonel  :  I  have  the  honor  to  submit  the  following  report  of  operations  in  improv- 
ing the  ice-harbor  at  New  Castle,  Del.,  for  the  year  ending  June  30, 1878: 

A  portion,  110  feet  in  length,  of  the  coal- wharf  below  the  piers  has  been  removed, 
in  addition  to  that  pre^^ously  taken  away,  making  218  feet  in  all,  and  a  substantial 
head  has  been  built  on  the  part  now  remaining.  Although  about  36  feet  more  io 
length  would  have  to  be  removed  in  order  to  bring  the  wharf  within  the  line  cst»l>- 
lished  by  the  harbor  commissioners  of  New  Castle,  I  consider  that  what  ha*  alreadf 
been  done  is  entirely  sufficient,  and  that  it  would  be  a  usele-ss  expenditure  on  the 
part  of  the  United  States,  after  it^buildin^  a  head  where  the  wharf  was  cut  off,  to  tear 
it  down  and  go  through  the  same  operation  again  for  the  additional  36  feet. 

The  head  of  the  wharf  is  now  at  low-water  line,  and  is  more  than  50  feet  inside  o( 
the  wharf  line  recommended  by  the  United  States  Coast  Survey  authorities  after » 
careful  examination.     I  see  no  advantage  in  any  further  removal.* 

The  wooden  crib-foundation  for  the  last  remaining  ice-pier  proposed  for  this  harbor 
was  completed  in  readiness  for  the  stone  superstructure  in  Deceml>er  la*t.  It  w»« 
protected  from  running  ice  as  far  as  practicable,  and,  favored  by  the  unusually  mil^ 
winter,  received  no  in^jury.  It  is  projwsed  to  apply  the  amount  approjiriated  for  tlw' 
ensuing  year  in  building  up  the  stone-work  as  nmch  as  it  will  allow,  pi-obably  about 
four  courses,  or  8  feet  from  the  platfonn. 

Next  year  it  is  proposed  to  complete  this  pier  and  to  dredge  out  the  accumulated 
sediment  in  the  harbor,  for  which  puri>oses  an  appropriation  of  $18,5<M)  is  aske<l. 

New  Castle  is  in  the  collection-district  of  Wilmington,  Del.,  which  is  also  the  near- 
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♦st  port  of  entry.     Fort  Delawart*  is  the  nearest  fort  aucl  the  Bulkhead  Shoal  range- 
light  the  nearest  light-lioiise. 

Total  estimated  east  of  improvement $120,  000  00 

Total  amount  appropriated 101,  500  00 

Total  amount  exjiended 91,500  00 

Money  statement 

July  1,  1ST7,  amount  availahle. $14,418  27 

Amount  appropriate<l  bv  act  approved  June  18,  1878 10,  000  00 

$24, 418  27 

July  1, 1878,  amount  expended  during  liseal  year 14,  418  27 

July  1,  1878,  amount  available 10,000  00 

Amoant  (estimated)  requiriMl  for  completion  of  existing  project $18,500  00 

J^ouDt  that  can  W  profitably  exjiended  in  fiscal  year  ending  June  30, 1880.        18, 500  00 

Very  respectfully,  your  ol>edieut  servant, 

Jxo.  J.  Lek, 

Jftsistant  Engineer. 
Col.  J.  X.  Macomb. 

Corps  of  Enffinerrn,  V.  S.  A. 


E3. 

IMPROVEMENT  OF  HARBOR  AT  WILMINGTON,  DELAWARE. 

report  of  mr.  thomas  valentine,  assistant  engineer. 

United  States  Engineer  Office, 

Philadelphia,  Pa,,  July  9,  IWU 

Colonel  :  I  have  the  honor  to  submit  herewith  mv  report  of  operations  for  the  year 
«jdin^  June  30,  1878,  for  impro^'ing  harbor  at  Wilmington,  Del. 

Darmg  the  fiscal  year  endmg  June  :^,  1878,  operations  for  the  improvement  of  this 
brbor  have  been  directed  to  the  removal  of  about  170  cubic  yards  of  fast-rock  from 
the  »ath  side  of  the  channel  just  l>elow  Third  street,  and  about  7,000  cubic  yards  of  mud 
from  the  channel  just  above  the  Christiana  Iron  Company's  wharf,  thereby  completing 
the  work  under  contracts  executed  during  the  fiscal  year  ending  June  30,  1877.  In  the 
Y^nioval  of  fast'-rock,  the  excavaticm  has  been  made  so  as  to  afford  13  feet  depth  of 
»ater  at  ordinary  low  tide,  and  in  the  removal  of  all  other  material  a  depth  of  12  feet 
^  been  made. 

The  resalt  of  operations  for  impro^ing  this  harbor  during  the  past  year  has  been  to 
extend  the  increased  width  and  depth  of  the  channel  that  was  under  improvement  at 
the  dose  of  the  last  fiscal  vear  al>ove  the  iron  companjr's  wharf,  up  stream  to  about 
opposite  the  mouth  of  the  brandy  wine  Creek,  and  to  give  increasea  width  and  depth 
to  the  channel  at  the  locality  where  fjist -rock  has  been  removed.  This  latter  work, 
ptrticularly,  wiU  prove  of  considerable  l>enefit  to  the  commerce  of  the  port,  as  it  has 
<iimiDi»hed  the  difficulties  heretofore  eidsting  in  approaching  and  passing  the  draw 
PJWMige  at  Third  street  bridge. 

By  act  of  Congress  approved  June  18, 1878,  $7,000  were  appropriated  for  "  improving 
harbor  at  Wilmington,  Del.^ 

It  is  proposed  to  expend  this  sum  during  the  present  season  as  specified  below,  after 
proposals  nave  heen  received,  as  follows : 

For  the  removal  of  al>out  1*2,000  cubic  yards  of  mud  in  the  continuation  of  the  im- 
provement of  the  channel  of  the  river  in  the  immediate  vicinity  of  the  buoy  depot;  re- 
•Jtoval  of  12,000  cubic  yards  of  mud  from  the  channel  opposite  and  just  above  the  mouth 
<if  the  Brandy  wine  Creek  ;  al>ont  40  additional  cubic  yards  of  fast-rock  from  the  south 
•We  of  the  channel  just  l>elow  Tliiitl -street  bridge,  and  alxiut  28  additional  cubic 
Janis  of  fast-rock  from  the  south  side  of  the  channel  just  above  Third-street  bridge, 
•oinpleting  the  removal  of  olwtructions  at  these  localities. 

^«xt  tieason  it  is  proposed  to  continue  the  improvement  of  the  liarbor  along  the  south 
ideof  the  channel  from  the  Christiana  Iron  Company's  wharf,  up  stream  toward  the 
^ffo^  of  Sraiidywine  Creek ;  remove  a  point  that  protrudes  into  the  channel  on  the 
XKitb,  just  above  the  mouth  of  the  Brandy  wine  and  along  the  north  side  of  the  chan- 
*^  froBi  opposite .  the  Lobdell  Works,  up  stream  to  near  Market  street.    Thia  'wiW. 
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require  the  removal  of  about  56,0(K)  cubic  yards  of  material,  and  will  require  anappio- 
I»riatiouof^l3,(KK).aO. 

Wilminjifton  is  in  the  collection  district  of  Delaware,  and  is  a  port  of  entry.  Tbe 
nearest  lijrht-hnuse  and  fort  are,  n?spectively,  Christiana  Light  and  Fort  Delawan'. 

Tlie  amount  of  revenue  collected  at  Wilmiiijartou  during  the  fiscal  year  ending  June 
ao,  1878,  is  |ft>3.474.40,  and  at  Phihidelphia,  |<5,969,-2U3.17. 

The  original  estimate  for  improving  Wilmington  Harbor,  Delaware $iR3.0()(MO 

Total  amount  ajqu-opriated  To  June  30,  1878 70. («I)I0 

Total  amount  expended  to  June  30,  1878 e2,99?i!S 

Money  statem en  t. 

July  1,  1877,  amount  available ^12,513  81 

Amount  appropriated  bv  aet  approved  June  18.  1878 *     7,  tMX)  00 

Sl9,513a 

July  1,  1878,  amount  exi)ended  during  fiscal  year . . . . ; 12.  oW  fi& 

July  1,  1878,  amount  available 7,001  IS 


Amount  (estimated)  required  for  completion  of  existing  project 13, 000  0(^ 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.      13, 000  y^ 

Very  respectfully,  your  obedient  servant, 

Tho8.  Valentixk, 

AsHistcHt  Enginter. 
Col.  J.  N.  Macomb, 

Corps  of  Engineers,  V.  S.  J. 


E  4. 

IMPROVEMENT  OF  HARBOR  AT  MARCUS  HOOK,  PENNSYLVANU. 

report  of  mr.  thomas  valentine,  assistant  engineer. 

United  States  Engineer  Office, 

Philadelphia,  Pa.,  July  9,  1878. 

Colonel:  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  the  year 
ending  June  30,  1878,  for  improving  harbor  at  Marcus  Hook,  Pa. 

During  the  fiscal  year  ending  June  30,  1878,  no  material  change  has  taken  place  at 
this  harbor,  the  condition  of  the  ice-piers  being  substantially  the  same  as  meutioue*! 
in  last  yearns  report. 

At  the  outer  ice-pier  on  the  upper  line  a  small  expenditure  of  funds  is  required  t<3 
reset  a  portion  of  the  top  course,  which  has  been  moved  slightly  on  its  bed,  and  one  o^ 
the  stone  mooring-posts  at  the  same  pier  which  has,  in  consequence,  been  move<l  8lightl3^ 
from  its  original  position.  The  two  wooden  landing-piers  and  bridges,  used  iu  con- 
nection with  the  detached  piers,  need  repairs;  the  caps  and  about  3  couraes  of  tiinl)«*" 
immediately  below  them ;  the  ginlers  and  decks  to  bridges  are  much  decayed,  and  tl»^ 
earth  filling  to  the  piers  is  washed  oflT. 

During  tbe  present  sejison  it  is  proposed  to  make  all  necewiary  repairs  at  tliis  worKi 
which  can  be  done  from  the  existing  appropriation. 

Money  statement, 

July  1,  1877,  amount  available 86.:M2i^1 

July  1,  1878,  amount  expended  during  fiscal  year 1,:J21  1* 

July  1,  1878,  amount  available 5,021  7^ 

Very  respectfully,  your  obedient  servant, 

Thos.  Valentine, 

AtmtttaHt  Engineer. 
Col.  J.  N.  Macomb, 

Corps  of  Engineers  J  U.  S.  A. 
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IMPROVEMENT  OF  ICE-HARBOR  AT  CHESTER,  PENNSYLVANIA. 

report  of  mr.  thomas  valentixe,  assistant  engineer. 

United  States  Engineer  Office, 

Philadelphia,  Pa.,  July  9,  ^878. 

Colonel  :  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  tte  year 
nding  June  30,  1878,  for  improving  ice-harbor  at  Chester,  Pa. 

The  ice-harbor  at  this  place  is  limited  in  extent,  covering  an  area  of  only  about 
100,000  square  feet,  formed  by  timber-piers  extending  into  the  Delaware  River  on  the 
lioloDgation  of  Market  street  on  the  north  and  on  the  prolongation  of  Edgmont  ave- 
ne  on  the  south. 

The  ice-piers  and  the  connecting  bridges  on  the  upper  line  are  in  good  condition,  the 
|iere  having  received  quite  extensive  repairs,  and  the  two  connecting  bridges  were 
«itirely  rebuilt  during  the  latter  part  of  the  fiscal  year  ending  June  30,  1877. 

The  lower  line  of  ice-piers  are  much  in  need  of  re^tairs ;  the  upper  courses  of  timber 
m  decayed  and  broken  at  the  angles.  The  connecting  bridge  was  deemed  unsafe  and 
h»A  been  removed. 

By  act  of  Congress  approved  June  18, 1878,  |3, 400  were  appropriated  for  **  improving 
ee^harbor  at  Chester,  ra." 

It  is  proposed  to  expend  this  sum  during  the  present  season  in  making  suitable  re- 
ftirs  to  the  piers  on  the  lower  line,  rebuild  the  bridge  to  connect  with  the  outer  pier, 
[id  also  nu^e  requisite  repairs  to  side-walls  and  gravel  filling  to  causeway  leading 
Dm  the  fast  land  to  the  ice-piers. 

Chester  has  become  firmly  established  as  a  manufacturing  point.     One  of  the  largest 
QB-flhip-building  establishments  in  the  United  States  is  located  here. 
Chester  is  in  the  collection  district  of  Philadelphia.     The  nearest  port  of  entry, 
dit-house,  and  fort  are,  respectively,  Philadelphia,  Fort  Mifliiu  Light,  and  Fort 

The  amount  of  revenue  collected  at  Philadelphia  during  the  fiscal  year  ending  June 
>,  1878,  was  $6,969,203.17. 

Money  statement 

mount  appropriated  by  act  approved  June  18,  1878 $3,400  00 

■ly  1,  1878,  amount  available 3,400  00 

Very  respectfully,  your  obedient  servant, 

Thos.  Valentine, 

A89i»tant  Engineer, 
Coh  J.  N.  Macomb, 

Carps  of  Engineers f  U.  S.  A. 


E6. 

IMPROVEMENT  OF  SCHUYLKILL  RIVER,  PENNSYLVANIA. 

R£P0RT   of    MR.  THOMAS  VALENTINE,  ASSISTANT  ENGINEER. 

United  States  Engineer  Office, 

Philadelphia,  Pa,,  July  9,  1878. 

OLOXEL :  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  the  year 
ing  June  30,  1878,  for  improving  Schuylkill  River,  Pennsylvania, 
uiing  the  past  year  operations  for  the  improvemetit  of  this  river  have  been  directed 
tLc^Ysting  along  the  channel  of  the  river  from  its  mouth  upstream  to  op])08ite  the 
ith  of  the  back  channel,  and  along  the  channel  in  the  immediate  vicinity  of  Gib- 
I  Point.  At  the  former  locality  the  work  of  improvement  has  been  carriea  forward 
oooidance  i^th  the  modification  of  the  original  project  as  recommended  in  the 
lal  ivport  in  1875,  which  was  to  increase  the  width  of  the  channel  to  300  feet,  with 
i>tli  of  24  feet  at  ordinary  low  tide.  About  50,000  cubic  yards  of  mud  have  been 
Ted. 
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The  result  of  operations  for  the  improvement  of  the  river  near  Gibson's  Point  was 
to  make  a  cut  on  the  east  side  of  the  channel,  about  2,000  feet  in  length,  and  to  com- 
plete an  unfinished  cut  on  the  west  side  of  the  channel,  so  as  to  afford  20  feet  dqithof 
water  at  ordinary  low  tide.  About  17,000  cubic  yards  of  mud  and  coarse  grayel  have 
been  removed. 

By  act  approved  June  18, 1878,  $30,000  were  appropriated  "  for  improving  Schuylkill 
River,  Pennsylvania. '^  It  is  proposed  to  apply  tiiis  amount  during  the  present  seMon 
in  widening  and  deepening  the  cut  between  the  mouth  and  the  back-channel  0Qtit4 
into  the  Sonuylkill,  it  being  a  continuation  of  the  improvement  of  this  portion  of  tho 
river  in  accordance  with  the  revised  project  under  which  work  commenced  durinf  the 
fiscal  year  cT.di ug  June  30,  1877,  with  a  view,  ultimately,  of  affording  a  channel  300 
feet  in  width  and  a  depth  of  24  feet  at  ordinary  low  tide ;  in  the  removal  of  a  sand  and 
mud  shoal  on  the  east  side  of  the  channel  Just  below  the  grain-elevator  piers,  of  which 
repeated  coni]»laints  have  been  made  at  this  oflice  duiing  the  past  year ;  m  the  removal 
of  a  narrow  strip  of  gravelly  material  on  the  east  side  of  the  channel  just  above  Pen- 
rose Ferry  bridge,  so  as  to* make  a  imifonn  width  of  150  feet  to  the  channel  at  that 
locality ;  to  excavate  along  the  channel  commencing  at  a  point  iust  above  Point  Breeze 
and  advancing  up  sti*eam,  forming  a  connection  with  the  new  deep-water  channel  ex- 
cavated of  late  years  by  the  United  States ;  complete  the  excavation  for  the  new  chan- 
nel in  the  immediate  vicinity  of  Gibson's  Point,  including  the  removal  of  about  100 
cubic  yards  of  rock  from  the  channel  directly  opposite  Gibson's  wharf.  These  several 
proposed  improvements,  except  at  the  first-named  locality,  are  to  be  prosecuted  with 
a  view  of  aftording  a  channel-way  150  feet  in  width  and  20  feet  in  depth  at  ordinary 
low  tide. 

This  will  require  the  removal  of  135,100  cubic  yards  of  material,  distributed  as  fol- 
lows, viz :  From  the  channel  between  the  mouth  and  the  point  of  outlet  of  back  chan- 
nel into  the  Schuylkill  River,  90,000  cubic  yards  of  muu ;  from  east  side  of  channel 
just  below  the  grain-elevator  piers,  10,000  cubic  yards  of  sand  and  mud ;  just  abot« 
Penrose  Ferry  bridge,  3,000  cubic  yards  of  fine  gravel ;  from  the  channel  between  Point 
Breeze  and  **  Gibson's,"  32,000  cubic  yards  of  nmd  and  coarse  gravel;  from  the  channel 
off  **  Gibson's,"  100  cubic  yards  of  rock. 

It  is  proposed  to  continue  the  improvement  of  the  river  during  the  next  fiscal  year 
by  removing  from  the  channel  between  the  mouth  and  Girard  Point,  100,000  cubic  yards 
of  sand  and  mud.  thereby  completing  the  enlargement  of  the  channel  at  that  locality ; 
by  removing  20,000  cubic  varus  of  coarse  material  from  the  channel  of  the  river  lie- 
tween  Point  Breeze  and  Gibson's  Point ;  300  cubic  yards  of  rock  from  the  channel  oflf 
"  Gibson's."  and  about  50,000  cubic  yards  of  sand  and  gravel  from  the  channel- way 
between  "Gibson's"  and  Gray's  Ferry  bridge.  The  proposed  work  at  the  last-named 
locality  to  be  executed  with  a  view  of  affording  18  feet  depth  of  water  at  ordinary  low 
tide.    This  will  require  an  appropriation  of  $50,000. 

Notwithstanding  the  meagre  appropriation  made  for  the  improvement  of  this  river 
for  some  years  past,  satisfactory  results  have  been  obtained  from  the  amount  of  work 
executed.  Ships  are  now  loaded  to  a  draught  of  20  feet  and  upward  as  far  up  river  as 
Point  Breeze. 

Daring  the  year  a  decided  improvement  has  been  made  in  the  navigation  of  this 
river  by  the  rebuilding  of  Penrose  Ferry  bridge  by  the  city  of  Philadelphia — a  draw- 
bridge constructed  of  iron  about  416  feet  in  length,  resting  on  a  pivot-pier,  and  when. 
open  affords  two  draw-passages  of  about  183  feet  each. 

The  benefits  to  commerce  by  the  improvement  of  this  river  embrace  principally 
foreign  trade  in  grain  and  petroleum,  which  is  very  extensive,  and  is  increasing,  par- 
ticularly in  the  item  of  grain,  as  the  following  statement  wiU  show : 

Number  of  vcBseU  at  Point  Breeze  from  June  30,  1877,  to  June  30,  1878. 


Ships. 


38 


Barks. 


204 


Barkentines. 


Brigs. 


28 


Schooners. 


47 


Sloops. 


12 


Barges. 


72 


Total. 


405 


Am^mnt  of  petroleum  and  tfo  products  skipped  from  Point  Breeze  between  above  daiet. 


Seflaed. 


Barrels, 
618,274 


Cmde. 


Barrels. 
119. 525 


Benzine. 


Barrels. 
47,397 


Tocti: 


BarreU. 
785,196 
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h^ber  of  vf^mh  at  and  shipment9  of  grain  from  Girard  Point  ElevatoTy  from  June  30, 

1877,  to  JvLne  30,  1878. 


1 

Stousers. 

Ships. 

Barks. 

Brigs. 

Schooners 
and  barges. 

Total. 

Total  bushels. 

43 

40 

/     227 

15 

61 

386 

12,258,141 

\imnb(r  of  resttehy  and  estimated  shipments  of  petroleum ,  from  Gibson^s  Point  between  ahove 

dates. 


Ships. 

Barks.                   Brigs. 

1 

Schooners. 

• 

Total. 

Total  barrels. 

14 

83 

8 

5 

no 

65,000 

[>hginal  estimated  cost  of  improvement 1257,700  00 

tmereased  estimate  of  1874  ($40  per  cubic  yard  for  rock  instead  of  |25)  ...       42,  000  00 
Exerease  for  additional  depth  and  width  at  the  mouth  ...^ 75,  000  00 

Total , 374,700  00 

Tofal  amount  appropriated 195,000  00 

"Total  amount  expended 164,676  22 

This  work  is  in  the  collection  district  and  port  of  Philadelphia.  The. nearest  light- 
wHise  is  Fort  Mifflin  Light,  and  the  nearest  fort  is  Fort.  Mifflin. 

The  amount  of  revenue  collected  at  Philadelphia  during  the  vear  ending  June  30, 
^,  was  $6,969,203. 17. 

Money  statement 

Uy  1,  1877,  amount  available.^ $14,003  79 

iDount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

- $44,  003  79 

Uy  1,  1878,  amount  expended  during  fiscal  year 13, 680  01 

aOyl,  1878,  amount  available 30,323  78 

DDount  (estimated) required  for  completion  of  existing  project 179, 700  00 

nount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.     50,  000  00 

Very  respectfully,  your  obedient  servant, 

Thos.  Valentine, 

Assistant  Engineer. 
CoL  J.  N.  Macomb, 

Cifrps  of  Engineers,  U.  8.  A. 


Ej. 


IMPROVEMENT  OF  DELAWARE  RIVER  BELOW  PETTY'S  ISLAND. 


report  of  mr,  thomas  valentine,  assistant  engineer. 

United  States  Engineer  Office, 

PhUadelphiay  Pa.,  Julg  9,  1676. 

Colonel:  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  the  year 
dine  June  30,  1878,  for  improving  Delaware  River  below  Potty's  Island, 
[hiring  the  past  year  the  work  ofimprovement  upon  this  river,  under  contract  with 
i  American  Dted^ing  Company  of  Philadelphia,  Pa.,  dated  November  17, 1876.  was 
itinued  in  increaamg  the  width  of  the  new  channel  at  Fort  MiflBiin  Bar,  at  the  southerly 
i  or  entrance  into  the  New  Jersey  channel ;  the  partial  removal  of  a  deposit  of  sand 
i  mad  from  alone  the  axis  of  the  channel  near  the  entrance  to  the  Pennsylvania 
umel  on  the  north,  with  a  view  in  each  case  to  afibrd  22  feet  depth  of  water,  mean 
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low-water  of  spriug  tides ;  also  the  removal  of  the  wreck  of  sloop  Spray  firoiii  the  rhan- 
nel  jnst  above  Pea  Pateb  Island,  Fort  Delaware.  Operations  at  Fort  Mifflin  Bar  were 
in  progress  until  September  29,  1877,  when  work  was  suspended,  for  the  season.  About 
62.000  cubic  yards  of  material  were  removed. 

The  continuation  of  the  improvement  of  this  river  will  be  executed  under  the  ap- 
propriation of  $100,000  made  by  act  of  Con^vss  approved  June  18,  1878,  for 'Miupniv- 
in«j  D<*laware  River  below  Bridesburg."  Examinations  are  now  in  progress  to  deter- 
mine the  character  and  extent  of  the  work  to  be  done  during  the  present  season. 

Original  estimated  cost  of  improvement $275,000  00 

Total  amount  appropriated 40,000  00 

Total  amount  expended 33,859  15 

Money  statement. 

July  1,  1877,  amount  available |25,  836  05 

Amount  api>ropriated  by  act  approved  June  18,  1878,  ^*  im- 
proving Delaware  River  below  Bridesburg,  Pa.*^ 100,000  00 

$125, 836  05 

July  1,  1878,  amount  expended  during  fiscal  year 19,69520 

July  1,  1878,  amount  available H)6,140  85 

*  Amount  (estimated)  required  for  comnletion  of  existing  project 

Amount  thatcan  l>e  pn>fitably  expended  in  fiscal  year  ending  June  30, 1880        90, 000  <» 

Verj'  respectfully,  your  obedient  servant, 

Tho8.  Valentike, 
Assistant  Engintfr. 
Col.  J.  N.  Macomb, 

Corps  of  Engineers,  U.  S.  A. 


£  8. 

IMPROVEMENT  OF  DELAWARE  RIVER  BETWEEN  TRENTON  AND  WHITE 

HILL,  NEW  JERSEY. 

report  of  mr.  thomas  valentine,  assistant  engineer. 

United  States  Engineer  Office, 

Philadelphia,  Pa.,  July  9, 187a 

Colonel  :  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  the  year 
ending  June  30, 1878,  for  improving  Delaware  River  between  Trenton  and  WTiite  Hill, 
N.  J. 

No  work  has  been  done  for  the  improvement  of  this  river  between  Trenton  and 
W^hite  Hill  since  operations  8n8i)ended  in  the  fall  season  of  1875.  At  that  time  a  chaa- 
nel  had  been  excavated  along  the  northerly  and  easterly  side  of  Periwig  Island,  with 
a  width  of  not  less  than  125  feet,  affording  6  feet  depth  of  wat«r  at  low  tide. 

By  act  approved  June  18, 1878,  $10,000  were  appropriated  for  this  work. 

Previous  to  submitting  a  project  for  the  application  of  this  sum  it  is  proposed  to 
make  an  examination  of  the  channel  at  such  points  between  Trenton  and  White  Hill 
with  a  view  of  determining  the  extent  and  character  of  the  obstructions  and  the  best 
method  for  their  removal. 

Trenton  is  in  the  collection-district  of  Burlington,  Philadelphia  being  the  neare^ 
port  of  entry.  The  nearest  light-house  and  fort  are,  respectively,  Fort  Mif^n  Light 
and  Fort  Mifflin. 

The  revenue  collected  at  Philadelphia  during  the  vear  ending  June  30, 1878,  amounted 
to  $6,969,203.17. 

Original  estimated  cost  of  the  work |75,000  OO 

T<»tal  amount  appropriated  to  June  30,  1878 55,  IXK)  0^ 

Total  amount  expended  to  June  30, 1878 45,000  00 

*  This  work  will  be  continued  under  the  new  head  of  appropriation  as  abor^^ 
and  a  new  estimate  must  be  presented  with  revised  project  as  soon  as  the  examiii-^ 
tions  now  in  progress  shall  afford  the  requisite  information. 
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Money  statement. 

monnt  appropriated  bv  act  approved  June  18, 1878 $10,  000  00 

ilyl,  1878,  amount  available 10,000  00 

mount  (estimat^Hl)  required  for  completion  of  exititiug  project 20,  000  00 

mount  that  can  be  profitably  expeuaed  in  fiscal  year  eudiug  June  30, 1880.     20,  000  00 

Very  respectfully,  your  obedient  servant, 

Thos.  Valentine, 

AnsUtant  Engineer, 
Col.  J.  N.  Macomb, 

Corps  of  Engineers^  U.  S.  A, 


• 


E  9. 

IMPROVEMENT  OF  BROADKILN  RIMiR,  DELAWARE. 

No  work  has  been  done  at  the  improvement  of  this  river  since  the 
l>ring  of  1874,  when  the  appropriation  of  $10,000  was  exhaiist-ed. 

Should  an  appropriation  be  made  by  Congress,  it  is  proposed  next 
leason  to  continue  the  original  project  for  the  improvement  by  dredging 
Ehe  river  at  the  shoal  places,  and  by  opening  an  mlet  into  the  bay  at  the 
^inction  of  the  Broadkiln  and  Lewes  creeks. 

This  work  la  in  the  collection-district  of  Wilmington,  Del.,  which  city  is  the  nearest 
part  of  entry.  Fort  Delaware  is  the  nearest  fort,  and  Delaware  Breakwater  Light  is 
Ihe  nearent  light-hoose. 

Original  estimated  cost  of  work $80,447  00 

Total  amonnt  appropriated  to  June  30,  1878 10,000  00 

Total  amount  expended  to  June  30,  1878 10,000  00 

Money  statement 

Amonnt  (estimated)  required  for  completion  of  existing  project $70, 447  00 

Amoimt  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30,  1880.     10, 000  00 


£    ID. 

IMPROVEMENT  OF  THE  NORTH  AND  SOUTH  BRANCHES  OF  SHREWSBURY 

RIVER.  NEW  JERSEY. 

^0  work  has  been  executed  for  the  improvement  of  this  river  since 
1873. 

During  the  season  of  1875  a  partial  survey  of  the  north  branch  and 
tnain river  was  made  under  the  direction  of  Lieut.  Col.  J.  D.  Kurtz,  Corps 
of  Engineers. 

During  the  present  season  it  is  proposed,  as  recommended  in  my  letter 
of  February  27,  1878,  to  the  Chief  of  Engineers,  to  make  a  thorough 
Wttvey  of  the  river  before  submitting  a  project  for  applying  the  sum  of 
118,000,  appropriated  June  18, 1878. 

Money  statement 

^oant  topropriated  by  act  approved  June  18, 1878 $18,000  fO 

J^y  1,  I8t8,  amonnt  available • 18, 000  CO 
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£  XI. 

IMPROVEMENT  OF  COHANSEY  CREEK,  NEW  JERSEY. 

report  of  mr.  john  j.  lee,  assistant  engineer. 

Engineer  Office, 
Fort  Delaware,  Jul^  1,  1878. 

Colonel:  I  have  the  honor  to  Hubmit  the  following  report  of  operations  in  improv 
inc  Cohansey  Creek,  New  Jersey,  for  the  vear  ending  June  30,  1878. 

This  improvement  remains  in  an  incomplete  condition,  no  appropriation  having  been 
made  for  it  for  the  last  four  fiscal  years. 

It  is  proposed  to  expend  the  amount  appropriated  for  the  ensuing  year  in  deepening 
and  widening  the  channel  according  to  the  original  project. 

For  continuing  this  improvement  an  appropriation  of  |10,000  is  asked  for  the  next 
year. 

Cohansey  Creek  is  in  the  collection-district  of  Bridgeton,  N.  J.,  which  is  the  nearest 
port  of  entry.  Fort  Delaware  is  the  nearest  fort,  and  Cohansey  Light  the  nearest 
light-house. 

Original  estimate  of  cost $30,Of)0(lO 

Total  amount  appropriated 15,  OlK)  00 

Total  amount  expended 10, 00000 

Money  statement. 

Amount  appropriated  by  act  4ipproved  June  18,  1878 |5, 00000 

July  1,  1878,  amount  available 5, 0(XI  00 

Amount  (estimated)  required  for  completion  of  existinjj  project 15, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880 . .  15,  000  00 

Very  respectfhlly,  your  obedient  servant, 

Jno.  J.  Lee, 
AeMstant  Engineer . 
Col.  J.  N.  Macomb, 

Corps  of  Engineers,  U.  S,  A. 


£   12. 

IMPROVEMENT  OF  CHANNEL  OF  SALEM  RIVER,  NEW  JERSEY. 

No  work  has  been  done  for  the  improvement  of  this  river  since  oper- 
ations were  suspended  in  1871. 

By  act  approved  June  18,  1878,  $3,000  were  appropriated  for  this 
work. 

Previous  to  submitting  a  project  for  the  application  of  this  sum  it  i» 
proposed  to  make  an  examination  of  the  obstructions  at  the  mouth  of 
the  river,  with  a  view  of  determining  the  extent  and  character  of  the 
•bstnictions,  and  the  best  method  of  their  removal. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $3,000 

July  1,  1878,  amount  available • 3,000 
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E  13. 

DELAWARE  BREAKWATER. 

£  remains  substantially  in  the  same  condition  as  at  the  date 
iinnnal  report. 

i  hereto  is  a  table  showing  the  number  of  vessels  seeking 
e  Breakwater  Harbor  annually  for  14  years,  and  their  total 
•8,  between  1833  and  1878. 

rsseh  taking  refuge  in  Delaware  Breakwater  Harbor  during  the  years  stated 

below. 


ATS. 


1878,  to  Jtdy  1, 


22 
165 
107 
342 
35 
55 
113 
119 
192 
166 
222 
370 
558 

228 


n 


6,844 


1 

• 

£ 

i 
1 

1 

1 

i 

1 

"247 
239 
290 
639 
877 
605 
804 
2,762 
4,146 

1,331 

178 

732 

1,060 

1,937 

1,085 

879 

825 

1,008 

867 

623 

581 

587 

626 

309 

372 

3,191 

5,335 

7.  742 

5,098 

8,087 

8,000 

8.588 

13,976 

9.797 

9,527 

10,382 

10,027 

4,467 

167 
765 
802 
358 
90 
253 
307 
522 
734 
477 
420 
447 
370 

272 

127 
685 
794 
874 

"  "923 
(*) 

"iu 

246 
279 
629 
844 
781 
843 
945 
1,092 

708 

16,471 

33,171 

242,591 

17, 471 

13,688 

10,886 

•3 

o 
H 


866 

5,538 

8,098 

11,253 

6,669 

9.759 

9,814 

12,428 

17.490 

12,449 

12,397 

15,493 

16, 819 

7,315 

341,122 


Pilot-boats  clMsed  with  achoonera. 


tSix  months'  return. 


£14. 

RT-WARDEN^S  LINE,  PHILADELPHIA,  PENNSYLVANIA. 

jtion  remains  as  last  reported,  nothing  on  the  subject  having 
from  the  municipal  authorities  of  PhHadelphia. 
'  is  now  being  made  by  a  party  from  the  United  States  Coast 
the  entire  river  front,  and  as  soon  as  the  result  of  this  survey 
,  a  report  and  recommendation  will  be  made  relative  to  the 
q's  line. 


i 
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AXyUAL  KEPORTS  UPON  THE  WOPvKS  I^"  CHARGE  OF 
MAJOR  WILLIAM  P.  CRAIGHILL,  CORPS  OF  ENGINEERS, 
FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1878,  BY  CAP- 
TAINS  JAMES  W.  CUTLER  AND  CHARLES  B.  PHILLIPS, 
CORPS  OF  ENGINEERS,  TEMPOR^VRILY  IX  CHARGE. 

United  States  Engineer  Office, 

Baltimore,  Jfcf.,  July  13,  1878. 

General  :  I  Lave  the  honor  to  forward  herewith  the  aiinual  report* 
for  the  yeai-  ending  June  30,  1878,  for  works  of  improvement  of  rivers 
and  harbors  which  have  been  in  my  charge  diuring  a  portion  of  that 
period.  All  these  works  wei'e  in  chai'ge  of  Maj.  W.  P.  Craighill,  Corpa 
of  Engineers,  until  the  26th  of  March,  1878.  On  that  date  I  temporarily 
relieveil  Major  Craighill  of  the  charge  of  the  works,  and  remained  in 
charge  until  the  close  of  the  fiscal  year.  Ettbrts  have  been  made  to 
procure  ftill  statistics  as  to  the  commercial  importance  of  each  improve- 
ment, but  the  efforts  have  not  been  successful  in  some  cases,  as  waa 
desirable. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  B.  Phillips, 
Captain  of  Engineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chitf  of  Engineers,  U.  8.  A, 


Fi. 

IMPROVEMENT  OF  CHESTER  RIVER  AT  KENT  ISLAND  NARROWS,  MARY- 
LAND. 

The  object  of  this  improvement  has  been  ftilly  set  forth  in  i)reviouft 
aiuinal  reyiorts.  Briefly,  it  consists  in  dredging  a  channel  100  feet  in 
width  and  7  feet  in  depth  from  Easton  liay  to  C  hester  River,  a  distance 
of  12,1HK>  feet,  including  a  passage  through  the  causeway  connecting 
Kent  Island  with  the  mainland. 

This  project  had  at  the  date  of  the  last  annual  report  been  carried  out. 
except  that  the  channel  on  the  Easton  Bay  side  of  the  causeway  as  well 
as  about  two-tifths  of  the  length  of  the  channel  on  the  Chester  River 
side  hiid  been  completed  to  only  80  feet  in  width. 

The  passage  through  the  causeway  had  also  been  cut  to  the  full  w^idth 
allowed  by  the  draw  (60  feet)  and  had  cut  out  by  the  action  of  the  cur- 
rent to  a  <lepth  at  this  point  of  21  feet. 

To  jjive  additional  vent  for  the  water,  the  causeway  had  also  been  cut 
away  under  the  counteipoise  of  the  draw,  by  the  government,  and  at  tlie 
draw  abutment  one  span  of  pile-bridge  had  been  put  in  by  the  county 
authorities  \^ith  the  same  object  in  view. 

An  examination  of  the  entire  channel,  made  shortly  before  the  date  of 
the  last  annual  report,  showed  that  the  channel  was  maintaining  itself 
well  at  all  points,  except  at  the  bend  immediately  below  (Eai^ton  Bay 
side)  the  canst* way.    Here  it  wiis  found  that  the  volume  of  water  pass- 
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ing  through  the  cut  in  the  causeway  had  taken  up  a  different  direction, 
both  on  flood  and  ebb  from  that  which  it  had  while  the  causeway  re- 
mained intact.  The  current  had  left  the  dredged  channel  around  the 
flats,  and  was  found  to  be  making  its  way  dbectly  across  the  point,  and 
had  already  cut  out  new  and  deep  pockets,  both  above  and  below,  in  the 
new  direction  of  tlie  cuiTent, 

The  distance  across  this  point  between  the  7-feet  contours  was  about 
600  feet. 

As  the  old  channel  around  the  point  was  gradually  filling  up  and  l>e- 
coming  useless,  it  wa<^  determined  to  assist  nature  in  her  e^ident  pur- 
pose of  cutting  a  new  and  more  direct  channel  fix)m  the  draw  across  this 
point. 

There  remained  on  hand  on  July  1,  1877,  $4,000,  the  balanc>e  of  the 
appropriation,  $5,000,  of  August  14,  1876,  which  balance  became  avail- 
able on  the  31st  of  the  previous  March. 

It  was  determined  to  devote  so  much  of  this  balance  as  might  be  neces- 
sary to  dredging  across  this  point,  and  to  use  the  remaining  funds  in 
giving  additional  width  to  the  Chester  River  side  of  the  channel,  espe- 
cially at  the  abrupt  turn  from  the  Narrows  into  Chester  River. 

Accordingly  the  sanction  of  the  Chief  of  Engineers  having  been  ob- 
tained, a  dredge  and  two  scows  were  chartered  by  the  day  to  execute 
the  above  contemplated  work.  Later  it  was  found  necessary  to  also 
charter  a  small  tug,  so  much  time  was  lost  by  nmning  the  scows  by  hand. 
Dredging  in  accordance  with  the  above  project  was  commenced  on  the 
6th  of  July  la«t  at  the  bend  on  the  Easton  Bay  side  of  the  causeway, 
and  was  continued  until  the  8th  of  the  following  September,  ou  which 
date  the  channel  across  the  point  was  comi)leted. 

The  channel  was  600  feet  in  length,  75  feet  in  breadth,  and  7  feet  deep 
at  ordinary'  low- water.  Tliirty-seven  ftdl  days  of  10  hours  each  were 
made  by  the  dredge  during  the  period  mentioned,  and  8,330  cubic  yards 
of  material  were  removed.  v 

Dredging  at  the  bend  having  been  comjAeted  the  dredge  was  re- 
moved to  the  Chester  River  side  of  the  causeway,  and  was  engaged  in 
widening  portions  of  this  channel  from  the  8th  to  the  26th  of  September 
last.  Onie  old  unfinished  cut,  120  yards  in  length,  was  completed,  and 
two  sharp  points,  at  the  abrupt  turn  from  the  Narrows  into  Chester 
River,  were  trimmed  off. 

Nine  days  in  all  were  made  by  the  dredge  on  the  Chester  River  side, 
and  2,640  cubic  yards  of  material  were  removed. 

On  the  26th  of  8epteml)er,  operations  were  suspended,  the  appropriar 
tion  having  become  exhausted. 

In  December  last,  an  examination  wasAftde  of  the  new  cut  across  the 
point  near  the  causeway.  It  was  found  Akt  the  channel  had  stood  well, 
no  less  than  7  feet  at  ordinaiy  low- water  l)eing  found.  During  the  month 
of  June,  1878,  another  examination  was  made  of  this  cut  and  the  vicin- 
ity of  the  draw-bridge.  It  was  found  at  this  late  examination  that  some 
shoaling  had  taken  place  in  the  new  tnit  across  the  flats  and  that  not 
over  6  feet  could  be  carried  at  low-water.  The  soundings,  as  shoal  as 
6  feet,  occupied,  however,  not  over  one-sixth  the  entire  length  of  the  cut, 
the  depth  for  the  remaining  distance  having  maintained  itwelf  well. 

This  shoaling  appears  to  be  due  to  the  large  amount  of  scoiu*  at  the 
draw. 

It  was  found  that  at  the  (fraw  the  water  had  deepened  to  24  feet,  and 
under  the  counterpoise,  ot*the  draw  a  depth  of  over  12  feet  was  found. 
When  this  scouring  ceases,  as  it  must  do  when  a  suflficient  area  of  cross- 
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section  has  been  attained,  it  is  probable  that  the  cut  below  will  remain 
open  permanently. 

P^  The  passage  through  Kent  Island  Narrows  is  now  used  to  a  consider- 
able extent  by  sailing-vessels,  and  is  of  great  benefit  to  traders  between 
Easton  Bay  and  Baltimore,  and  other  i)oint8  on  the  northern  x>ortion8  of 
the  Chesapeake. 

It  is  to  be  regretted,  however,  that  the  channel  is  rarely  ever  used  by 
steamers.  Sufficient  width  and  depth  already  exist  for  the  class  of 
steamers  that  was  expected  to  pass  through,  and  it  is  believed  that 
when  the  route  becomes  better  known  its  use  by  steamers  w^ill  be 
adopted. 

The  original  estimate  for  this  work  was  $23,000. 

Twenty -eight  thousand  dollars  were  appropriated  in  all  up  to  June  30, 
1878,  of  which  amount  $3,000  remains  unexpended,  having  just  been 
made  available.  This  balance  will  be  sufficient  to  nearly  caiTy  out  the 
original  project,  which  will  have  cost  more  than  the  original  estimate 
by  reason  of  long  and  unavoidable  delays. 

Tliis  work  is  in  the  collection  district  of  Baltimore. 

Motley  statement 

July  1,  1H77,  amount  availal)lo $4,^33  23 

Amouut  appropriated  bv  act  approved  June  18,  1878 3,000  00 

17,033  23 

July  1,  1878,  amount  expended  during  fiscal  year 4, 028  40 

July!,   1878,  amount  available 3,004  8:J 


Fa. 

IMPROVEMENT  OF  THE  HARBOR  AT  BALTIMORE,  MARYLAND. 

The  object  of  this  work  has  been  ftdly  set  forth  in  previous  annual 
reports.  Briefly,  it  has  been  to  secure  by  dredging  a  channel  sufficiently 
deep  and  wide  to  accommodate  vessels  drawing  22J  or  23  feet  coming  to 
or  going  from  the  city  of  Baltimore,  at  any  ordinary  stage  of  the  tide. 
As  regards  depth,  this  object  was  accomplished  in  1874,  but  the  desired 
width  has  not  yet  been  obtained.  Since  1874,  the  appropriations  for  the 
work  have  been  but  slightly  in  excess  of  the  amount  which  it  was  an- 
ticipated would  be  required  annually  to  maintain  the  channel;  but  the 
idea  of  securing  additional  width  has  been  constantly  kept  in  view,  and 
each  year  after  the  usual  annual  reparations  have  been  made,  all  remain- 
ing funds  have  been  devoted  to  this  purpose.  The  increased  widths  that 
have  thus  fix)m  time  to  time  been  obtained,  have  aflForded  considerable 
relief  to  shipping,  but  more  is  needed  to  accommodate  the  large  deep- 
draught  steamers  which  ply  to  and  from  the  port,  and  which  are  con- 
stantly increasing  both  in  number  and  size.  The  draught  of  these 
ateamers  is  s6  great  that  the  suction  due  to  the  proximity  of  their  keels 
to  tlie  bottom  makes  them  difficult  to  steer,  and  they  are  constantly 
liable  to  run  against  the  sides  of  the  channel,  causing  damage  to  them- 
selves as  well  as  to  the  chaimel  itself. 

During  the  past  fiscal  year  dredging  has  been  confined  to  the  lower 
end  of  the  Brewerton  Channel  and  to  the  angle  foiined  by  the  interse<v 
tion  of  the  Brewerton  and  Craighill  Channels.  The  object  of  dredg- 
ing at  the  former  locality  was  to  restore  the  arigin^il  depth  of  channel 
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from  it.s  lower  end  up  to  a  point  opposite  to  and  a  little  above  North 
Point.  This  portion  of  the  channel  has  freijuently  been  referred  to  in 
jirevions  reports  as  beinjf  constantly  liable  to  deterioration  as  it  nef^essa- 
rily  projects  into  the  ciurent  of  the  upper  bay,  caused  by  the  Susque- 
hanna Kiver. 

At  the  latter  locality  the  object  was  to  facilitate  the  passage  of  vessels 
from  one  to  the  other  channel,  by  cutting  off  a  large  triangular  piece  at 
their  intersection. 

In  April,  1877,  the  balance  ($35,000)  of  the  appropriation  of  August 
14,  187(),  was  rendered  available  for  expenditiue. 

A  project  for  the  expenditure  of  this  amount  having  been  submitted 
to  the  ( iiief  of  Engineers,  and  by  him  approved,  proposals  were  invited 
for  dredging,  ainl  were  oi>ened  June  1,  1877.  A  contract  was  entered 
into  with  Mr.  A.  P.  Brown,  of  Washington,  D.  C.  (the  lowest  bidder),  for 
the  removal  of  3(K),000  cubic  yanls  of  material,  at  the  rate  of  9i  cents 
per  cubic  yard;  the  work  is  to  be  commenced  July  1,  1877,  and  to  be 
comi)leted  June  30,  1878. 

Tlie  contractor's  machinery,  consisting  of  one  dipper  dre<lge,  attend- 
ant scows,  and  one  tug,  an-ived  at  Baltimore,  was  placed  in  position,  and 
commenced  work  at  tlie  lower  end  of  the  Brewerton  Channel,  on  the 
lOth  of  July,  1877,  and  continued  work  through  the  remainder  of  July 
and  the  entire  month  of  August. 

During  this  period  it  became  manifest  that  the  dredge  was  incapable 
of  executing  the  work  requirexl  of  it,  having  dredged  oiUy  23,000  yards, 
while  the  proportional  amount  to  be  dredged  monthly  was  25,000  yards. 

The  attention  of  the  contractor  was  called  to  the  above  fiR^t,  and  on 
the  10th  of  thfe  following  month  (September)  he  put  a  large  "clamshelP 
dredge  ujion  the  work,  keepuig  the  dipj>er  di-edge  at  work  meanwhile 
until  the  15th  of  September,  when  the  latter  was  finally  taken  off  the 
work,  being  entirely  unadapted  to  the  locality  and  the  work  recjuired  of 
it.  The  large  "  clam-sheir'  dredge  was  also  withdrawn  from  the  work  on 
the  25th  of  September,  owing  to  some  (supjiosed)  misunderstanding 
between  the  contmctor  and  the  owner  of  the  dredge.  At  the  close  of  Sep- 
tember, however,  another  large  *'  clam-shell ''  di*edge  was  on  its  w  ay  from 
Philadelphia  to  the  work.  This  dredge  encountei-ed  a  severe  gale  on  the 
4th  of  ()(?tober,  while  at  anchor  near  the  Delaware  breakwater,  and  was 
driven  ashoi-e.  This  accident  and  the  time  recpiired  for  I'epairs  at  Bal- 
timore caused  a  suspension  of  operations  until  the  20th  of  October,  on 
which  date  the  divdge  resumed  work  and  carried  the  contract  thi'ough 
to  its  completion. 

Work  was  suspended  from  the  25th  of  December  until  tlie  (ith  of  Feb- 
ruary last  on  acc(mnt  of  rough  weather  and  the  ex])ectation  that  the 
harbor  would  l)ecome  <*losed  by  ice.  On  the  latter  date,  as  the  harbor 
still  renmined  open,  dre<lging  was  resumed.  On  the  0th  of  Fc»bruary,  the 
last  (7th)  interior  cut  in  tlie  Brewerton  Channel  was  completed,  thus  re- 
storing a  depth  of  25  feet  at  mean  low -water  over  its  entire  width  from 
its  lower  end  up  to  a  point  opjxisite  to  North  Point;  132,(KK)  cubic  yards 
of  material  were  removed  to  accomplish  this. 

On  the  com])letion  of  this  work  dredging  was  commen^e<l  at  the  angle 
formed  by  the  intersection  of  the  Brewerton  and  Craighill  Channels,  and 
was  continued  until  the  3d  of  May  last.  The  area  dredged  over  here 
consisted  of  a  large  triangidar  pie^e  shown  on  the  acxiompanjing  sketch 
at  the  intersection  of  the  channels,  all  of  which  was  di'edged  to  25  feet  in 
depth  at  mean  low- water,  thus  affording  much  relief  to  vessels  passing 
from  one  to  the  other  channel;  112,000  cubic  yanls  of  material  wei'e  re- 
moved from  this  liK'ality. 
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On  the  completion  of  this  work  an  entirely  new  cut  was  commenced  on 
the  west  side  of  the  Brewerton  Channel,  commencing  at  the  lower  end, 
and  was  carried  as  far  a«  available  fonds  would  permit,  or  until  the  com- 
pletion of  the  contract.  Work  was  closed  on  the  14th  of  June,  the  new 
cut  having  been  carried  about  one-third  of  the  way  from  the  lower  end 
of  the  channel  at  !N^orth  Point,  56,000  cubic  yards  of  material  having  been 
removed  from  this  cut.  Total  amount  of  material  removed  during  the 
year  under  the  contract,  300,145  cubic  yards.  ,  An  examination  of  all  the 
area  dredged  during  the  year  was  made  in  June  last,  after  the  close  of 
operations,  and  the  results  plotted.  Quite  extensive  repairs  to  the  tug 
Leslie  were  made  during  the  past  fiscal  year.  A  new  boiler  was  put  in 
place  of  the  old  one,  the  latter  having  been  in  use  16  years.  Her  ma- 
chinery was  also  thoroughly  overhauled,  a  new  pilot-house  constructed, 
and  a  new  propeller  put  on  her.  These  repairs  were  done  during  the 
winter  months.  Since  March  last  she  has  remained  constantly  in  com- 
mission. 

An  appropriation  of  $75,000  was  made  in  June  last,  for  the  fiscal  year 
ending  June  30, 1879;  $185,000  were  asked  for  that  year  to  complete  the 
existing  project,  lea\dng  $110,000  yet  needed  to  complete  it. 

To  tWs  sum  add  $50,000  for  estimated  amount  required  for  reparations, 
and  we  have,  as  the  amount  that  can  be  profitably  expended  in  the  fiscal 
year  ending  June  30, 1880,  $160,000. 


t 


Money  statement 

Jaly  ly  1877,  amount  available $55,528  96 

Amount  appropriated  by  act  approved  June  18,  1878 75, 000  00 

— $130,528  96 

July  1;  1878,  amount  expended  during  fiscal  year 54,118  46 

July  1,  1878;  amount  available 76,410  50 

Amount  (estimated)  renuired  for  completion  of  existing  project 160, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     160,  000  00 


COMMERCIAL  STATISTICS. 

CusTOM-HousE,  Baltimore,  Md., 

Collector's  Office,  July  19,  1878. 

Colonel  :  In  compliance  with  vour  request  of  June  14,  1878,  asking  for  certain  sta- 
tistics relative  to  the  commerce  of  this  port,  I  have  the  honor  to  present  the  following 
statement  in  accordance  therewith  for  the  fiscal  year  ending  June  30,  1878: 

Duties  coUectedin  coin $2,848,380  13 

Receipts  in  currency — ^tonnage,  inspection  fees,  &c •••.        186, 778  15 

Value  of  dutiable  merchandise  imported 6,372,512  00 

Value  of  free  merchandise  imported. «..« ..«.. 10,566, 116  00 

Total 16,938,628  00 

Duties  coUectible  thereon  in  coin ....' 3,029,073  00 

Merchandise  entered  in  bond  for  transportation  to  interior  ports : 

Value  of  merchandise.. 299,916  00 

Duties  thereon 114,-519  57 

Merchandise  of  domestic  growth  and  manufacture  exx>orted 45, 633, 521  00 

The  commodities  exported  of  chief  value  were  bread  and  breadstuifs,  provisions, 
X>etroleum,  tobacco  (leaf  and  manufactured),  live-stock,  canned  fruits,  &c.,  and  a 
numerous  variety  of  manufactured  articles  of  domestic  production. 

The  increase  in  the  matter  of  exports  for  the  fiscal  year  referred  to  over  that  of  the 
previous  one  amounts  to  about  $6,000,000.  The  growth  of  the  trade  of  Baltimore  with 
foreign  markets  in  this  branch  ot  commerce  within  the  last  few  years  has  been  \sxo^t» 
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marked  and  rapid  in  rU  expansion,  and  from  the  evident  impetus  it  has  received,  the 
limits  it  may  reach  in  the  near  future  mav  he  coivjectured,  but  not  accurately  predicted. 

For  the  fiscal  ^'ear  ending  1871  the  value  of  domestic  exports  (foreign)  amounted  to 
^15,037,855.     Within  the  period  of  seven  years  they  have  attained  to  nearly  $46,000,000. 

It  is  from  this  branch  of  commerce  of  this  port  that  the  basis  is  to  be  accepted  upon 
which  to  Judge  of  its  future  expansion  as  a  commercial  city,  and  its  demands  and 
needs  as  such  to  meet  the  requirementii  that  the  future  will  exact. 

The  decline  in  the  matter  of  importation  is  not  at  this  time  an  entertainable  basis  to 
judge  of  the  capabilities  of  a  seaport  for  trade,  nor  to  draw  therefrom  any  inferences 
as  to  its  future.  It  is  well  known  that,  as  a  result  of  the  pressure  of  the  times,  our 
people  generally  are  beginning  to  rely  almost  wholly  upon  their  own  resources,  and, 
under  a  spasm  of  economy,  are  spenoing  as  little  money  aa  possible  for  f<»ei^  pro- 
ductions. To  this  has  been  largely  due  tne  falling  off  in  the  importations  to  this  port ; 
but  notwithstanding  this  policy  of  our  people,  the  importations  here  would  have 
reached  a  fair  average  had  it  not  been  for  the  unfortunate  question  arising  out  of  the 
** colored  twfor  dispute,*'  Because  of  that  question,  still  unsettled,  the  importations  of 
sugar  to  this  port  were  seriously  affected;  and  it  beins  one  of  the  chief  and  heaviest 
commodities  imported,  the  result  has  caused  a  yisib&  decline  in  the  importations. 
And  although  the  disputed  question  of  ''colored  sugar"  relates  to  all  other  seaports 
where  sugar  is  imported,  the  importations  here  have  been  affected  to  a  greater  extent 
than  elsewhere. 

The  next  branch  of  this  statement  relates  to  the  bulk  of  tonnage  traversing  the 
harbor  of  Baltimore,  foreign  and  coastwise,  and  affords  a  reliable  basis  as  to  the  con- 
dition and  growth  of  the  commerce  of  the  port : 


Vessels  arriving  (foreign)  of  all  nationalities. 

Tonnage  of  the  same 

Number  of  clearances  of  same 

Tonnage  of  same 

Arrivals  coastwise .«. 

Tonnage 

Clearances  coastwise 

Tonnage >.. 


1,408 

951,521 

1,475 

1,005,189 

1,437 

1,061,712 

1,794 

1,266,854 

The  above  does  not  include  the  large  number  arriving  coastwise  that  do  not  enter 
or  clear. 


Total  amount  of  tonnage  entering  and  departing  the  harbor  of  this  port  for 

the  fiscal  year  1878 ..« 

Pievionsyear  •.•...... 


Tons. 

4, 285, 276 
3,011,  469 


Increase 1,273,807 

Increase  of  year  1877  over  1876 1,322,586 

2, 596, 393 

The  above  shows  an  increase  for  the  last  two  fiscal  years  of  2,500,000  tons,  and 
affords  the  best  criterion  of  the  state  of  commerce  at  this  jwrt,  and  at  the  same  time 
shows  unmistakablv  an  improved  and  increasing  growth. 

This  increase  in  tne  tradmg  tonnage  of  this  port  is  due  to  some  extent  to  the  in- 
creasing number  of  first-class  steamships  entering  and  departing  its  harbor,  to  which 
xeference  will  hereafter  be  made. 

The  registered  outstanding  tonnage  of  this  district  is  as  follows : 


Vessels. 


Tons. 


Registered,  permanent,  sail . . . . . 

Registered,  temporary,  sail 

Enrolments,  permanent,  sail . . . . 

steam  , 
barges, 

Enrolments,  temporary,  sail .. . , 

Licenses  under  20  ton^,  sail..... 

steam  .. 


Total  .... 
Last  year 


Increase 


74 

39 

541 

113 

2 

28 
204 

18 

1,019 
995 

24 


23,519 

16, 817 

23,797 

37,367 

134 

6,644 

2,543 

225 

111,046 
107,061 

3,985 
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This  ratio  of  increase  is  in  accord  with  the  other  salient  fact,  above  referred  to,  show- 
ing a  healthy  growth  of  the  commerce  of  this  port.  The  same  foreign  and  coastwise 
lines  of  steamships,  referred  to  in  detail  in  my  statement  to  you  of  last  year,  are  still 
maintained  between  this  and  foreign  jwrts,  but  with  some  increase  in  ships  on  certain, 
lines. 

From  December  of  la»t  year  until  May,  1878,  the  Allan  line  of  steamships  doubled 
the  number  of  ships  plying  between  this  port  and  Liverpool  bv  placing  on  the  line  some 
of  their  finest  vessels.  It  is  expected  that  upon  a  return  of  the  winter  season  the  same 
schedule  of  sailing  time  will  be  resumed.  The  coastwise  steamers  plying  between  the 
Southern,  Northern,  and  New  England  ports  maintain  a  vigorous  existence,  and  much 
of  the  commodities  they  bring  are  trauMerred  at  the  piers  of  the  Baltimore  and  Ohio 
Railroad  Companv,  for  the  West  by  rail  and  for  Europe  by  the  steamship  lines.  Out- 
aide  of  these  regular  lines  there  are  a  number  of  other  steamships,  continually  increas- 
ing in  number,  arriving  almost  daily  from  foreign  ports  to  take  in  cargoes  for  Europe. 

At  Locust  Point,  on  the  property  of  the  Baltim(»«  and  Ohio  Railroad  Company,  a 
new  system  of  inspecting  tobacco  has  been  introduced  which  has  met  with  extraordi- 
nary success.  The  tobacco  so  insi>ected  comes  from  the  West  and  South,  and  is  shipped 
to  Europe  by  the  steamships  mentioned.  The  tobacco  trade  has  received  a  great  and 
healthy  stimulus  by  this  improved  system  of  inspection,  and  from  indications  so  flat- 
teringly afforded  promises  to  be  very  extensive,  and  will  contribute,  with  other  grow- 
ing interests,  to  increase  the  requirements  of  good  harbor  facilities. 

In  my  previous  report  it  was  incidentallv  mentioned  that  new  projects  of  enterprise 
"were  then  on  foot  that  would  tend  to  tne  expansion  of  the  conmierce  of  this  port. 
One  of  the  projects  was  a  **  pipe-line  "  from  the  oil  regions  to  tidewater  at  this  port. 

That  enterprise  it  seems  was  thereafter  actively  entered  upon,  and  would  have  doubt- 
less by  this  tmie  been  an  accomplished  fact  had  its  progress  not  been  embarrassed  by 
supposed  rival  interests.  Another  enterprise  was  the  exportation  of  fresh  meats.  This 
latter  project  has  not  yet  been  attempted,  but  cattle  ana  live-stock  in  large  c^nantities 
haVte  been  shipped  recently  from  this  port  to  Europe,  and  the  trade  in  that  hne  prom- 
ises to  increase.  Reference  was  also  made  to  the  actively  agitated  question  of  a  ship- 
canal  to  unite  the  Chesapeake  and  Delaware  bays.  Since  then  influential  bodies  of 
citizens,  representing  various  sections  of  the  country,  have  met  and  recommended  the 
construction  of  said  water  outlet  upon  grounds  substantially  the  same  as  those  sug- 
gest>ed  in  my  previous  statement. 

That  this  valuable  enterprise  to  the  nation,  as  well  as  to  this  port,  will  be  entered 
upon  and  completed  is  evidently  a  work  only  of  time,  and  that  not  far  distant. 

Deeming  these  incidental  questions  relating  to  the  commercial  prosperity  of  this 

port,  together  with  the  questions  of  fact  that  its  commerce  itself  affords,  as  meeting 

your  inquiries,  they  are  very  respectfully  communicated,  with  the  hope  that  they  may 

aid  yon  in  any  effort  you  may  make  in  behalf  of  the  commercial  intmsts  of  this  port. 

I  remain,  very  respectrully,  • 

John  L.  Thomas,  Jr., 

Collector* 

Col.  W.  P.  Craighill, 

Carya  of  EngmetrSf  U.  8.  A. 


F3. 

IMPROVEMENT  OF  WICOMICO  RIVER,  NEAR  SALISBURY,  MARYLAND. 

As  stated  in  the  last  animal  report,  the  original  plan  of  improvement 
for  this  locality,  which  was  to  secure,  by  dredging,  a  channel  75  feet  in 
width  and  7  feet  in  depth  at  ordinary  low-water,  was,  owing  to  insuffi- 
cient means,  so  modified  as  to  contemplate  the  dredging  of  a  channel 
only  50  feet  in  width  and  5  feet  in  depth  at  ordinary  low-wat^. 

In  January,  1876,  the  appropriation  of  March  3.  1875,  became  ex- 
hausted. At  this  time  the  channel,  as  per  modified  plan,  was  completed, 
exc^t  for  a  distance  of  300  feet,  which  was  made  only  28  feet  in  width. 
An  appropriation  of  $5,000  was  made  for  this  work  by  act  of  Congress 
approved  August  14, 1876.  This  appropriation  did  not  become  avaOa- 
ble,  however,  until  March  31,  1877.  At  the  date  of  the  last  annual 
r^)ort  arrangements  had  been  made,  with  the  approval  of  the  Chief  of 
Engineers,  for  recommencing  work;  the  work  to  consist  sim^l^  m^x^^ 
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ing  to  secure  additiDhal  wklth  of  channel  throughout  its  entire  length, 
and  to  restore  a  depth  of  5  feet  in  tlie  turning-basin  near  the  toN^Ti, 
which  had  filled  uj)  considerably  since  the  close  of  operations  in  January, 
1876. 

Owing  to  some  delay  on  the  part  of  the  contractor  in  getting  his  ma- 
chinery ready,  he  having  introduced  some  improvements  in  his  mode  of 
depositing  material  by  means  of  chutes,  dredging  was  not  commenceil 
until  August  30,  1877.  From  this  date  dredging  continued  without 
interruption  until  the  26th  of  November  last,  when  the  channel  had  been 
widened  to  70  feet  throughout  its  entire  length  with  a  depth  of  5  feet  at 
ordinary  low- water  from  the  town  of  Salisbury  to  the  deep  water  below, 
a  distance  of  about  7,000  feet;  12,197  cubic  yards  of  material  were 
removed  to  accomplish  this,  all  of  which  material  was  dei>08ited  by 
means  of  chutes,  either  behind  the  dikes  already  constructed  or  on  the 
adjacent  flats,  at  a  minimum  distance  of  120  feet  from  the  channel. 

On  the  26th  of  November  the  dredge  was  moved  uj)  the  river  and  put 
in  position  at  the  turning-basin  near  the  town.  By  an  arrangement 
pre\iously  made  with  the  adjacent  wharf-owTiers  the  latter  agreed  to 
receive  the  removed  material  upon  their  wharves,  thus  i)ermitting  the 
continued  use  of  the  chutes,  and  saving  tlie  expense  of  towing.  Dredging 
was  continued  at  the  turning-basin  until  the  5th  of  January  last,  when 
the  basin  had  been  excavated  to  a  depth  of  5  feet  at  ordinary  low- water, 
and  over  as  great  an  area  as  the  safety  of  the  wharves  on  either  side 
would  permit ;  3,950  cubic  yards  of  material  were  thus  removed  fit)m  the 
basin,  making,  with  the  amoimt  removed  fix)m  the  channel  below,  a  total 
of  16,147  cubic  yards. 

On  the  5th  of  January  all  dredging  was  suspended  on  account  of  the 
near  exhaustion  of  available  funds.  Late  in  January  last  a  carefid 
examination  of  the  entire  channel  and  turning-basin  was  made  and  the 
results  plotted.  The  examination  proved  that  the  dredging  had  been 
well  executed,  only  two  or  three  small  lumps  being  found  with  less  than 
5  feet  of  water  at  ordinary  low-water.  It  was  estimated  that  these  lumps 
would  aggregate  50  cubic  yards  in  bulk,  which  amount  was  deducted 
from  the  aggregate  amount  of  dredging  at  the  final  settlement  with  the 
contractor. 

The  longitudinal  dikes  below  the  town,  which  were  built  for  the  most 
part  by  the  United  States^  have  suffered  some  damage  during  the  past 
year,  partly  from  the  action  of  muskrats  and  partly  from  the  practice 
of  vessels  attaching  lines  to  the  piles.  The  approval  of  the  Chief  of 
Engineers  ha\dng  been  obtained,  these  dikes  were  repaired  during  the 
month  of  June  last  as  thoroughly  as  the  limited  state  of  available  frinds 
would  permit. 

Thirty-two  linear  feet  of  dike  have  been  entirely  renewed,  requiring 
the  use  of  200  feet,  board-measure,  of  timber  and  sheet  piling,  and  the 
driving  of  4  round  piles,  as  well  as  the  excavation  and  replacing  of  a 
considerable  quantity  of  earth  behind  the  dikes. 

Mention  was  made  in  the  last  annual  rei)ort  of  the  fact  that  the  owners 
of  saw-mills  on  the  stream  above  the  town  of  Salisbury  were  in  the  habit 
of  allowing  sawdust  to  flow  into  the  stream,  much  to  the  detriment  of 
the  river  below,  particularly  at  the  turning-basin  near  tiie  town. 

It  is  now  but  just  to  state  that  this  practice  has  been  altogether  aban- 
doned by  all  the  mill-owners,  and  thus  one  great  cause  of  ^e  rapid  fill- 
ing of  the  basin  has  been  removed. 

The  appropriations  for  this  work  have  been  June  10, 1872  5  March  3, 
1873 ;  June  23,  1874 ;  March  3,  1875 :  August  14, 1876 :  and  June  18, 
1878.    Total,  $30,000. 
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Should  the  original  plan  be  carried  out,  an  appropriation  of  $10,000 
will  still  be  required. 

This  improvement  is  in  the  collection-district  of  Baltimore. 

Money  statement, 

July  1,  1877,  amount  available $4,700  70 

Amount  appropriated  by  act  approved  June  18,  1878 5,  000  00 

$9,700  70 

July  1,  1878,  amount  exx>ended  during  fiscal  year 4,665  70 

July  1,  1878,  amount  available 5,035  00 

Amount  (estimated)  reouired  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 . .     10, 000  00 


COMMERCIAI.  STATISTICS. 

Sausbury,  Md.,  June  7,  1878. 

Deaa  Sir  :  I  have  the  honor  to  report  as  a  near  approximation  of  the  commerce  of 
Salisbury  for  the  past  year  the  following,  viz : 

Fifteen  schooners,  registering  913  tons,  and  51  sloops  and  smaller  craft  trade  from  the 
town.  Among  our  shipments  are  10,000,000  feet  rough  lumber;  3,000,000  feet  dressed 
flooring;  900,000  peacn  crates;  400,000  packing  cases;  5,000  berry  crates^  10,000  fin- 
ished hubs;  4,000  cords  cordwood;  3,000  cords  kindling  wood;  4,000  railroad  ties; 
61,000  bushels  grain;  13,000  bushels  com  meal;  1,800 l)arrels flour ;  13,000  pounds 
wool ;  225,000  quarts  strawberries ;  15,000  melons ;  58,000  quarts  wild  berries ;  4,000 
barrels  vegetables;  6,000  crates  peaches;  31,000  bushels  oysters;  60,000  bushels 
oyst«r-sheUs ;  220  tons  fertilizers;  2,000  tons  coal.  Sales  of  general  merchandise 
m>m  30  stores  of  various  sizes  foots  up  $723,000.  Continuous  low  prices  of  lumber 
diminishes  the  production  of  this  our  greatest  industry. 

Twenty  new  buildings,  a  wharf,  2  iron  founderies,  a  i)ower-printing  press,  show 
indications  of  prosperity,  notwithstanding  dullness  of  business.  One  steamboat  and 
all  our  bay  craft  use  with  satisfaction  and  economy  the  channel  constructed  by  the 
government,  which  is  a  valuable  improvement.  A  moderate  additional  sum  would 
double  its  value,  and  it  is  hoped  Congress  may  appropriate  the  same. 
Very  truly,  yours, 

Geo.  W.  Parsons. 

Capt.  C.  B.  Philups. 


F  4. 

IMPROVEMENT  OP  JAMES  RIVER,  VIRGINIA. 

The  operations  of  the  year  have  not  been  extensive,  the  available 
funds  ha\ing  been  very  limited.  They  have  been  conducted  in  further- 
ance of  the  existing  project  for  the  improvement  of  this  river,  and  have 
consisted  principally  in  the  removal  by  blasting  of  rock,  dredging,  and 
the  construction  of  wing-dams. 

On  the  1st  of  July,  1877,  the  amount  available  for  this  work  was  but 
117,000,  being  the  balance  of  the  appropriation  of  August  14^  1876. 

During  the  month  of  July,  1877,  the  machinery  for  blastmg  and  re- 
moving rock  was  employed  at  Eocketts  Reef  and  vicinity. 

One  pile-driver  and  one  dredge,  with  accompanying  tug  and  scows, 
were  employed  during  July,  August,  and  September,  and  three  dredges, 
with  accompanying  tugs  and  scows,  were  employed  during  the  month  of 
October.  Since  the  close  of  the  latter  month  no  work,  exclusive  of  sur- 
yejSj  has  been  donri  by  the  United  States  during  the  fiscal  year. 

During  this  i)eriod  of  active  operations,  166  cubic  yards  of  rock  were 
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removed  from  Rocketts  Reef  and  vicinity,  10,920  cubic  yards  of  material 
were  dredged  from  Richmond  Bar  and  Randolph's  Flats,  and  3,350  linear 
feet  of  wing-dams  were  constructed  between  Richmond.  Bar  and  War- 
wick Bar. 

The  city  of  Richmond  has  continued  to  co-operate  with  the  United 
States  in  improving  the  channel. 

The  operations  of  the  city  have  been  mostly  confined  to  dredging  at 
Drurj 's  Island  Cut,  Richmond  Bar,  Randolph's  Flats,  and  Warwick 
Bar ;  53,000  cubic  yards  of  material  have  been  removed  from  these  local- 
ities by  the  city  during  the  year. 

That  portion  of  the  machinery  used  for  blasting  and  removing  rock 
belongs  to  the  United  States.  The  remaining  portion  of  the  machinery, 
used  for  dredging,  pile-driving,  &c.,  belongs  to  the  city  of  Richmond, 
and  was  hired  by  t^e  United  States,  the  latter  paying  as  rental  the 
actual  cost  of  repairs  while  in  its  service. 

Mr.  H.  D.  Whitcomb  has  continued  to  be  local  engineer  for  the  United 
States,  at  Richmond,  while  holding  at  the  same  time  the  positicm  of  en- 
gineer for  the  city,  in  its  joint  operations  for  this  improvement.  His 
report^  giving  in  detail  the  operations  of  the  year,  is  appended  hereto. 

While  the  operations  of  the  year  have  been  out  limited,  the  results 
have,  on  ihe  whole,  been  satisfactory.  With  the  exception  of  two  short 
distances,  one  at  the  lower  end  of  Drury's  Island,  the  other  at  Richmond 
Bar,  16  feet  at  ordinary  high  tide,  from  Rocketts  Reef  to  the  sea,  has 
been  obtained.  At  the  excited  points  hardly  15  feet  are  to  be  found. 
It  is  believed  that,  by  a  judicious  contracticm  of  the  river  at  these  points, 
the  desired  16  feet  may  be  obtained  and  maintained  without  further 
dredging. 

On  R^ketts  Reef  as  much  water  is  now  to  be  found  (14^  feet)  as  can 
be  carried  with  safety  to  the  wharves  above. 

The  number  and  size  of  vessels  trading  to  this  port  are  constantly  in- 
creasing. A  greater  width  and  depth  of  channel  is  requisite  for  the 
wants  of  commerce.  The  delays  due  to  meaner  appropriations,  and  the 
resulting  loss  to  and  decay  of  the  plant  and  the  works  already  com- 
pleted, are  such  that  it  cannot  be  expected  that  the  original  project,  of 
obtaining  a  channel  180  feet  in  width  and  18  feet  in  depth,  can  be  carried 
out  even  when  the  aggregate  appropriations  shall  have  amounted  to 
the  original  estimated  cost. 

Shoidd  the  whole  amount  asked  for  be  granted  in  two  successive 
appropriations,  there  is  no  reason  to  doubt  but  that  this  important 
improvement  could  be  carried  out  as  designed  without  exceeding  the 
limit  of  the  estimate. 

There  was  left  of  estimate  to  be  provided  for  at  date  of  last  annual 
rei>ort,  $258,024 ;  $70,000  were  appropriated  by  act  a^roved  June  18, 
1878,  leaving  yet  to  be  provided  for  $188,024. 

Money  statement 

July  1,  1877,  amount  available.... $16,902  92 

Amount  aiipTopriated  by  act  approved  June  18,  1878. 70, 000  00 

$66,902  92 

July  1,  1878,  amount  expended  dmring  fiscal  year •••. 16, 890  96 


July  1,  1878,  amount  available ....* * 70,011  94 

Ject 188,024  00 

June  30, 1880.     150, 000  00 


Ajnount  (estimated)  required  for  completion  of  existing  project •  •     188, 024  00 

▲mount  ^at  can  be  profitably  expended  in  fiscal  year  eiMmg  < 
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KEPORT  OF  MR.   HENRY  D.   WHITCOMB,  ASSISTANT  ENGINEER. 

Richmond,  Va.,  June  1,  1878. 

Captain  :  I  have  the  honor  to  Biibmit  the  following  report  on  the  improvement  of 
James  River,  from  June  1,  1877,  to  May  31,  1878,  inclusive. 

Aft«r  paying  the  accounts  for  May,  1877,  there  remained  about  |20,000  of  the  appro- 
priation of  August,  1876,  unexpended. 

The  machinerv  for  removing  rock  waa  employed  until  August,  when,  hj  order  of 
Colonel  Craighili,  it  was  taken  to  the  Appomattox  improvement,  and  remained  there 
until  the  appropriation  for  this  work  wa«  too  nearly  exhausted  to  warrant  its  further 
use  here.  A  dredge  and  pile-driver  with  steam-tug  and  barges  were  employed  until 
September  30,  and  3  dredges,  with  tugs  and  barges,  in  October ;  since  then  no  work 
exclusive  of  surveys  has  been  done  by  the  United  States. 

The  city  of  Richmond  employed  2  dredges,  1  tug,  and  1  dumping-machine  from 
June  1  to  September  30,  and  3  dredges  from  November  1  to  January  10,  1878.  Since 
then  no  work  has  been  done  by  the  city  except  in  repairs  of  machlneiy  and  in  sur- 
veys.   The  repairs  are  still  in  progress. 

The  Richmond  and  Danville  and  the  Chesapeake  and  Ohio  Railroad  companies  and 
the  Old  Dominion  Steamship  Company  have  each  done  some  dredging  with  the  city 
machinery  at  their  wharves,  the  greater  part  being  outside  the  limits  of  the  channel 
proper. 

liie  channel  at  Goode's  Rocks  was  completed  to  a  minimum  depth  of  13  feet  at  low 
tide  by  100  feet  in  width  13th  June,  and  the  machinery  for  removing  rock  then  em- 
ployed at  Rocketts  Reef,  and  in  removing  bowlders  and  small  ledg:es  in  that  vicinity, 
until  August  1.  A  dredge  was  also  employed  in  this  work.  The  pile-driver  was  used 
in  constructing  timber  groins  on  the  shoals  from  Richmond  Bar  to  Warwick  Bar. 

CuHc  yards  of  material  removed  Ity  dredging  and  blasting. 


At  wb»|  place. 


Rocketta  Reef 

Dmry's  Island  Cut 

0oode*8  Rocka 

Kichmoiiid  Bar 

Randolpb'a  Flats... 

"Warwick  Bar 

Klngsland's  Reach. 


Total 


By  the  United 
States. 


By  the  city  of 
Biohmona. 


Earth. 


3.467 


4,686 

1,861 

906 


10,920 


Rock. 


642 
28 
95 


605 


Earth. 


14,721 


9,407 

18, 131 

5,779 

4,854 


52,892 


Bock. 


98 


98 


Character  of  material. 


Granite  and  decomposed  rock. 

Sand,  decomposed  rock,  and  bowlders. 

Granite  and  cobble-stones. 

Coarse  sand. 

Finer  sand. 

Light  mnddy  sand. 

Light  mnddy  sand,  some  soft  rook. 


ny  Old  Dominion  Sontbslde  uomnany 

By  Cheeapeake  and  Ohio  Ratlroaa  Company  . . 

By  Richmond  and  Danville  Bailroad  Company. 


Earth. 


5,024 
11,040 

3,150 


Book. 


25 
30 


Character  of  materiaL 


Sand. 

Sand,  decomposed  rock,  and 
bowlders. 
Bo. 


Total  by  all  parties:  Earth,  83,026  cubic  yards:  rock,  758  cubic  yards. 

The  rock  removed  by  the  city  had  nearly  all  been  loosened  by  the  United  States. 
About  19,000  cubic  yanls  of  the  earth  removed  by  the  city  were  deposits  from  the 
freshets  of  October  and  November. 

Timber  groins  or  wing- dams  built  bv  the  United  States,  3,350  feet. 

For  want  of  sufficient  revetment,  which  was  in  progress,  about  1,250  feet  of  these 
groins  were  carried  away  or  injured  during  the  fresnets.  No  part  of  the  properly  pro- 
tected work  was  materially  ipjured. 


Freshets  during  the  year. 

There  were  several  fre«het«  during  the  year,  and  that  of  November  25  was  the  great- 
est of  which  we  have  any  reliable  record.  The  river  has  been  very  full  since  that 
time  and  in  nearly  every  month  there  have  been  one  or  more  rises  of  from  2  to  nearly 
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4  feet.     So  far  as  observed,  the  rises  above  meau  liigh  tide  at  Rocketts  Reef  were  as 

follows : 

Feet 

Octobers,  1877 10.33 

Noveml)er  9, 1877 7.50 

November  25, 1877 25.12 

January  15,  1878 3.35 

Jamian'31»  1878..   3.30 

Febnian*  H,  1878 3.80 

March  14,  1878 3.80 

April  11,  1878 2.00 

May  7,  1878 2.76 

May  16,  1878 , 2.80 

In  the  flood  of  November  25  the  river  l>egan  to  rise  at  3.30  a.  m.  on  the  24th,  and 
reached  its  maximum  about  9  p.  m.  on  the  25th.  The  registering  tide-gauges  were 
removed  on  the  night  of  the  24tli,  and  shortly  afterward  the  buildings  which  had  held 
them  were  swept  away,  together  with  the  building  used  as  store-house  and  laboratory. 
The  drilling  platform 'was  upset  and  injured,  and  is  still  out  of  repair.  About  30,000 
feet  of  pine  lumber  were  carried  off,  but  all  recovered.  It  will  be  nece.s8ary  to  erect 
new  buildings  when  the  work  is  resumed,  at  a  cost  of  $600  or  |700. 

The  heights  above  mean  high  tide  that  this  flood  reached  were  measured  at  several 
places,  and  were  as  follows : 


Place. 


Rocketts,  below  Gillie's  Creek 

Richmond  Bar,  lower  end 

Warwick  Bar,  crest 

Dmry's  Bluff  Landing 

Ringsland  Reach,  Bennett's  Wharf. 
Upper  end  of  Dutch  Grap  Cut-off . . 
Lower  end  of  Dutch  Grap  Cut-off . . 

Yarina 

City  Point 

Westover  Wharf 


Extreme 
height 
noted. 


Feet. 
25.12 
22.40 
20.05 
ia52 
10.40 
14.54 
12.39 
10.64 
2.20 
L82 


Authority. 


Water-mark  in  draff-store. 
Water-mark  on  norih  hill-side. 
Water-mark  on  south  hill-side. 

Do. 
Mark  by  Mr.  Bennett. 
Mark  by  Mr.  Allen. 

Do. 
Mark  by  Mr.  Aiken. 
Mark  by  Mr.  Cook. 
Water-mark  on  beach. 


The  height  of  this  flood  at  Rocketts  was  1|  feet  above  the  arrow  on  the  monument 
erected  by  the  city,  which  marks  the  height  of  the  flood  of  1870.  Capt.  R.  D.  Minor, 
engineer  m  charge  of  the  improvement  on  the  part  of  the  city  in  1870,  stated  that  the 
flood  of  1870  reached  24  feet  i  inch  above  hi^h  tide.  The  neight  of  the  arrow  is  23 
feet  6J  inches  above  present  mean  high'tide,  giving  an  apparent  elevation  in  the  level 
of  high  tide  of  5f  inches  since  1870.  As  no  systematic  observations  on  the  tides  had 
been  made  by  Captain  Minor  at  that  date,  the  height  of  mean  high  tide  may  not  have 
been  accurately  known ;  but  it  is  possible  that  the  range  of  the  tides  has  increased 
since  the  deepening  of  the  channel  below.  It  is  proper  to  put  this  discrepancy  on 
record  to  prevent  a  future  misunderstanding. 

The  water-marks  referred  to  above  were  taken  as  soon  as  possible  after  the  flood, 
but  are  liable  to  the  error  which  may  be  caused  by  the  waves  of  steamers.  They  were 
sometimes  taken  on  the  side  where  the  current  impinged,  and  sometimes  on  the' oppo- 
site.   The  slopes  given  below  are  also  afiected  by  these  probable  errors. 

Slopes  of  the  flood  of  November  25,  1877. 


Feet  per 
mile. 

On  4  miles  above  Richmond  and  Danville  Kailroad  bridf^e. . 
From  Richmond  and  Danville  Railroad  bridge  to  Rocketts. 
From  Rocketts  to  Richmond  Bar 

15.52 
0.03 
0.91 
1.38 
0.54 
0.62 
0.52 

19.00 

0.39 
1.39 

By  Mr.  R.  Gordon,  civil  eneineer. 
United  States  assistant  engmeers. 

From  Richmond  Bar  to  Warwick  Bar 

From  Warwick  Bar  to  Drury's  Bluff 

From  Drury's  Bluff  to  Bennett's  Wharf 

JfYom  J5ennett'8  Wharf  to  Dutch  Gap  Cut-off 

From  upper  to  lower  end  Dutch  Grap  Cut-ofl;  Uirough  the 
tame ■    

From  upper  to  lower  end  Dutch|Crap  Cut-off;  around  the 
bend 

From  Dutch-Gap  Cut-off  to  Yarnia  Wharf 

From  Varlna  Wharf  to  City  Point 

0.49 
0.06 

From  City  Point  to  Westover  Wharf 
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The  effects  of  this  aud  pn'ce<liiig  floods,  so  far  as  ascertained,  were  as  follows: 

The  entrance  to  the  ship-lock  and  the  channel  in  front  of  the  Old  Dominion  South- 
side  Wharf  were  reducetl  in  depth.  From  this  to  the  lower  end  of  Drury's  Island 
there  was  no  appreciahle  change  in  the  channel.  Opposite  the  lower  end  of  the  island 
for  about  400  feet  the  dredged  cliannel  was  shoalecl  so  that  not  more  than  11  feet 
could  be  carried  through  at  low  tide.  A  great  volume  of  water  poured  over  the  dike«, 
at  the  head  and  foot  of  the  island,  and  over  the  low  ground  to  the  eastward  of  this 
point,  and  these  diversions  of  w^at<^r  may  have  been  the  cause  of  the  shoal.  On  the 
crest  of  Richmond  Bar  the  channel  was  rounded  out,  giving  a  better  depth  than  before, 
and  the  lower  part  of  the  mr  was  scoured  down  in  places  to  15  feet  and  over  at  low 
tide. 

Two  of  the  groins  or  dikes  at  the  head  of  Randolphs  Flats  (the  next  shoal  below) 
were  partly  carried  away,  and  the  scour,  although  considerable,  was  not  in  the  direct 
channel ;  the  channel  which  had  been  dreilged  was  partially  filled,  but  near  the  injured 
groins  there  were  14  feet  at  low  tide.  These  groins  had  not  been  protected  with  hard 
revetment. 

From  this  to  the  end  of  the  shoal  the  groins  were  not  injured,  and  the  channel  was 
greatly  improved.  On  the  lower  500  feet  there  were  from  15  to  16^  feet  in  the  channel 
at  low  tide. 

From  this  to  the  crest  of  Warwick  Bar  the  groins  were  more  or  less  iiyured  and  had 
very  little  effect.  There  is  a  shoaling  in  one  place  due  apparently  to  the  scour  on 
Randolph's  Flats  above. 

The  two  lower  groins  alone^  which  were  on  opposite  sides  of  the  river  at  the  crest  of 
the  bar,  remainea  nearly  enture,  and  the  effect  of  these  and  of  the  remains  of  others 
immediately  above  was  very  great.  From  300  feet  above  to  700  feet  below  there  was  a 
wide  channel  with  from  15  to  20  feet  at  low  tide,  where  in  the  preceding  month  we  had 
been  dredging  to  get  a  channel  13  feet  deep.  The  channel  through  the  old  crest  2,000 
feet  below  (where  obstructions  were  placed  during  the  civil  war)  was  somewhat  reduced 
in  depth  frx>m  the  scour  above.  There  were  several  ridges  with  intervening  depressions 
at  right  angles  to  the  current  extending  to  about  3,000  feet  below  the  lowest  groin.  All 
this  part  of  the  river  is  wider  than  between  the  groins,  and  needs  regulation. 

From  Warwick  Bar  to  Kingsland  Reach,  10|  miles  below  Richmond,  no  thorough 
examination  has  been  made  since  the  freshet,  but  no  marked  change  in  the  channel  is 
suspected.  The  shoal  in  Kingsland's  Reach  was  increased  in  length  and  height,  and  had 
one  sounding  of  only  10  feet  at  low  tide  in  the  channel.  The  river  is  l,l8o  feet  wide, 
300  feet  more  than  it  is  immediately  above  and  below.  Just  above  the  stream  bends 
suddenly  to  the  left,  and  just  below  as  suddenly  to  the  right,  turning  a  sharp  elbow, 
having  low  banks,  across  which  the  flood  poured,  reaching  the  river  oelow  in  about  f 
the  distance  around.  This  reduced  the  velocity  over  the  shoal,  and  accounts  for  its 
increase.  A  levee  will  probably  be  needed  here  in  addition  to  works  heretofore  pro- 
jected, none  of  which  have  been  executed. 

The  shoal  in  Trent's  Reach  was  also  increased,  having  one  sonnding  of  only  6^  feet 
in  channel  where  there  had  been  9^  feet  a  few  months  previous.  As  tnis  shoal  is  now 
avoided  by  the  Dutch  Gap  Cut-off,  no  effort  has  been  made  to  restore  the  channel.  At 
the  other  shoal  mentionea  the  city  dredged  channels  to  a  minimum  depth  of  15  feet  at 
high  tide,  and  at  Warwick  Bar  and  Kingsland's  Reach  to  16J  and  17  feet  respectively, 
which  required  25  days'  work  of  3  dredges. 

At  the  neight  of  the  flood  of  November  25  the  difference  in  elevation  at  the  upper 
and  lower  end  of  Dutch  Gap  Cut-oft*  was  2.15  feet  in  a  distance  of  about  600  feet. 
There  was  some  abrasion  above  ordinary  water-level  in  the  light  gravelly  material, 
especially  at  the  upper  left-hand  side.  In  the  indurated  clav  or  marl  through  which, 
the  cut  is  made  under  water  there  was  no  apparent  scour.  Tne  deep-water  line  at  the 
lower  end  is  now  somewhat  extended  into  the  cut,  but  apparentlv  not  into  the  indu- 
rated clay ;  but  a  more  thorough  examination  is  needed  to  enable  me  to  speak  con- 
fidently. 

A  few  soundings  were  taken  in  Varina  Reach,  which  indicated  no  change  injurious 
to  navigation.  Besides  this  no  examinations  have  been  made  of  the  river  below  Dutch 
Gap  since  the  fr'eshet. 

The  effect  of  these  freshets  was  good  wherever  the  river  had  been  contracted  in 
width,  but  at  several  points  it  is  evident  that  further  contraction  and  some  changes  in 
direction  are  needed.  As  a  rule,  the  widths  heretofore  adopted  are  found  to  be  proper 
for  the  bends,  or  where  the  current  sets  to  one  shore  continuously,  but  where  tliere  is 
a  "cross-over"  a  further  contraction  is  necessary  to  maintain  the  desired  depth. 

The  following  statement  shows  the  widths,  depths,  and  areas  opposite  the  groins  on 
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From  this  the  foUowtog  averKgea  are  obtained : 
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Si 
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1 

« 
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Si 

That  18,  althongh  the  low-tide  areas  of  1874  were  aftorward  contracted  from  20  to  30 
per  cent,  by  the  workB,  j-et  the  present  art-as  between  the  works,  or  between  the  line* 
of  raiitractiiiQ,  are  from  I  to  4  per  cent,  greater  than  the  areas  from  shore'to  shore  in 
1874,  aud  the  uight  changes  which  arc  foiuid  after  frexhets,  as  the  cross-section  ap- 
proaches itfl  former  area,  givea  a  culor  of  probability  to  the  opinion  that  these  are  the 
areau  Deceasary  fur  the  river  with  ite  preseut  slope  ;  and,  admitting  this,  we  uiaj  hope 
tbat  by  further  contrActiou,  based  on  t^eee  normal  areas,  any  reasonable  depth  of  chan- 
nel may  be  had  and  maintained. 

On  this  supposition,  a  further  coutraction  of  about  100  linear  feet  on  Riclunond  Bar 
should  give  15  feet  depth  at  low  tide,  and  a  less  amount  suffice  on  Randolph's  Flats. 

The  plan  for  contracting  the  width  recently  pursued  has  been  by  means  of  timber 
groins,  built  generally  at  right  angles  to  the  current  and  to  the  level  of  mean  high 
tide.  These  are  lines  of  sheet  piling  supported  by  round  piles  at  intervals  of  &i>id  5  to 
10  feet.  The  timber-work  is  revetted  with  the  hard  material  dredged  from  the  duui- 
nel,  which  is  dumped  on  the  groins  and  allowed  to  Qnd  its  own  slope. 

It  is  a  cheaper  plan  than  that  of  dikes  parallel  to  the  current,  altnongh  probably  not 
BO  effective.  It  af  ords  a  means  of  correcting  the  lines  of  contraction  fri>m  time  to  time, 
as  the  groins  may  be  increased  in  length  or  shortened,  as  circumstances  require,  wliereas 
the  case  of  a  dike  parallel  to  the  current  in  the  wrong  place  can  only  be  remedied  by 
another  parallel  to  it.  Bnt,  in  addition,  as  the  chief  scour  near  Riehinond  is  due  to 
freshets  and  not  to  tidal  actions,  it  would  be  necessary  to  connect  such  parallel  dikes 
with  the  shores  by  jnat  such  groins  at  intervals,  nut  only  tocunflne  the  current,  bnt 
to  protect  the  dikes  from  sconr  in  the  rear.  When  the  proper  width  for  the  river  is 
found,  it  will  doul>tlees  be  better  to  connect  the  outer  ends  of  these  groins  by  a  dike, 
at  least  on  the  concave  sides. 
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pTovement  was  made  in  the  width  by  the  removal  of  640  cubic  yards  of  rock,  bat  there 
IB  no  continuous  improvement  in  depth.  Below  this  reef  there  are  16  feet  depth  at 
mean  high  tide,  except  for  short  distances  opposite  the  lower  end  of  Drury's  Island 
and  in  Kichmond  Bar,  where,  at  the  date  of  this  report,  there  are  scant  15  feet.  A 
channel  through  these  shoal  spots  would  cost  very  little ;  but  experience  teaches  that 
a  channel  drecured  in  this  part  of  James  River,  in  sand  or  other  light  material  moved 
by  freshets,  wiB  be  filled  by  succeeding  freshets,  unless  a  corresponding  contraction  of 
the  water-way  is  made,  ana  with  such  contraction  no  dre<lgiug  is  required. 

SURVEYS."^ 

The  survey  of  the  shoal  in  Kingsland^s  Reach,  10  miles  below  Richmond,  made  last 
summer,  showed  an  improvement  in  depth,  as  compared  with  1874,  although  no  work 
had  been  done  there.  The  November  AckmI  changed  this  condition,  as  beiore  stated. 
A  recent  but  not  thorough  examination  indicates  that  the  shoal  is  again  being  reduced 
in  the  main,  but  the  channel  dredged  last  December  has  shoaled  about  a  foot,  and  has 
but  16  feet  at  high  tide. 

A  survey  of  the  river  for  two  miles  below  Duteh  Gap  Cut-off,  including  the  Yarina 
Shoal,  was  made  in  November.  It  was  made  to  ascertain  not  only  the  condition  of  the 
shoal,  but  if  the  regimen  of  the  river  had  been  changed  by  the  action  of  the  cut-off. 
It  should  have  included  a  mile  of  the  river  above,  and  the  bend  cut-off,  and  a  longer 
distance  below.  The  November  flood  has  occurred  since,  and  a  new  survev  would  per- 
haps give  more  reliable  infcnrmation.  In  the  preceding  great  flood  of  1670  the  cut-off 
was  in  nearly  the  condition  it  was  left  at  the  close  oi  the  civil  war ;  a  low  causeway 
had  been  made  across  the  upper  end,  and  this  was  washed  out  by  that  flood.  8oon 
afterward,  and  befoire  the  survey  of  1874,  the  out  was  widened  and  deepened,  and  in 
1875-76  it  was  again  enlarged,  and  is  now  about  180  by  15  feet  at  low  tide,  with  an 
area  in  cross-section  of  about  2,450  feet.  By  the  recent  survey  there  seems  to  have 
been  no  marked  change  in  the  depth  of  the  river  for  two  miles  below  since  the  survey 
of  1^2-^53.  There  has  been  a  scour  for  about  600  feet  immediately  below  the  cut-o^ 
the  depth  being  now  from  35  to  40  feet.  From  that  to  Varina  Shoal,  one  mile  below, 
the  depths  correspond  closely  with  those  of  the  old  survey,  and  range  from  43  feet  to 
18  feet  in  the  channel  at  low  tide.  The  upper  18-feet  contour  on  the  shoal  appears  to 
be  200  feet  lower  down,  the  length  between  the  upper  and  lower  contour  being  nearly 
the  same.  The  least  channel-depth  over  the  shoal  is  15  feet  at  low  tide,  the  same  as 
in  1852-'53,  but  the  width  of  the  channel  is  probably  less.  It  is  not  easy  to  get  an 
accurate  measurement  of  area  in  cross-section  from  the  Coast  Survey  chart,  since  the 
lines  of  soundin  gs  are  not  at  right  angles  to  the  current.  The  results  of  the  examination 
are,  however,  submitted  for  wnatever  they  may  be  worth,  in  the  following  statement : 


No. 


1 
2 
8 

4 
5 
6 
7 
8 
8 


Position. 


300  feet  ftbove  outlet  of  Dutch  Gap  Cat-off. 

800  feet  below  outlet  t 

1,000  feet  below  outlet 

2,800  feet  below  outlet : 

4,600  feet  below  outlet 

6, 000  fee t  below  outlet 

7,200  feet  below  outlet 

7, 800  feet  below  outlet 

10,000  feet  below  outlet 


Ax«a,  18S2-'63. 


Square  feet 
13,040 
17,250 
14,500 
14,610 
14,630 
14.409 
14,193 
16.  375 
*17,284 


Area,  1874. 


Square  feet 
12,700 
15,308 
*16, 610 


Area,  1877. 


Square  feet 
11,057 
15,092 
15, 780 
14, 117 
15,026 
14,275 
14,202 
14,706 
16,068 


*  End  of  survey. 
The  lengths  of  Varina  Shoal  by  the  survey  of  1852-'53  and  of  1877  are  as  follows : 

1852-'53.  1877. 

Less  than  18  feet  at  low  tide 3, 000  feet.        2,950fteet. 

Lessthan  17  feet  at  low  tide 2,700  feet.        2,500feet. 

Less  than  16  feet  at  low  tide 1.600  feet.        2, 000  feet. 

As  affecting  the  navigation  for  two  miles  below  at  least,  the  cut-off  seems  to  have 
done  very  little  beneficial  or  otherwise;  an  examination  of  the  bend  cut-off  will  prob- 
ably show  that  its  cross-section  is  reduced. 

A  survey  of  Harrison's  Bar  and  of  the  shoal  ground  between  it  and  Westover  Wharf 
was  made  in  November  and  December.  On  the  bar  the  lines  of  soundings  were  taken 
too  feet  apart ;  elsewhere  about  WO  feet.  There  were  formerly  two  navigable  chan- 
nels orver  this  bar,  separated  by  shoal  ground.  The  southern  channel  has  partially  filled 
and  is  rarely  used,  then  only  by  smaU  vessels.  As  this  ground  had  been  recently  gone 
over  by  the  Coast  Survey,  and  the  object  of  our  examination  was  only  to  get  more 
minute  information  with  a  view  t^i  the  improvement  of  the  main  channel,  this  south- 
em  channel  was  not  examined.    There  has  been  some  impirovement  in  the  depth  of  the: 
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main  channel  since  1853,  or  rather  the  crest  of  the  bar  is  narrower  than  it  was.  The 
shoal  lying  between  the  two  channels  is  2  or  3  feet  higher  than  then,  and  is  bare  in 
places  at  very  low  tides.  The  following  amounts  of  material  must  oe  removed  to 
give — 


y 


18  feet  at  mean  low  tide. . 
18  feet  at  mean  high  tide. 


200-feet 
channel. 


Oubieyardi. 

23,000 

3,520 


300-feet 
channel 


Cfubievardt. 

*40,000 

9.000 


500-feet 
channeL 


Outic  yardt. 
66^000 
13.000 


As  the  removal  of  this  material,  at  least  of  the  larger  amounts,  could  now  be  con- 
tracted for  at  20  cents  a  cubic  yard  or  less,  the  reduction  of  the  bar  is  not  a  serious 
matter.  If  thought  advisable,  the  southern  channel  could  be  closed  by  sheet-piling 
revetted  with  the  dredged  material.  It  is  not  unlikely  that  training-dikes  will  be 
needed  in  places  to  aid  in  maintaining  the  channel  when  dredged. 


TIDES. 

The  two  registering  gauges  were  removed  in  the  November  flood  and  have  not  been 
replaced.  Since  then  tne  day  tides  only  have  been  observed.  In  reducing  the  obser- 
vations fW>m  the  registers  the  high  tides,  due  to  strong  winds  or  to  freshets,  are  ex- 
cluded when  they  exceed  the  mean  1|  feet.  The  observations  from  the  ordinary  gauge 
made  since  November  are  all  included  in  getting  the  mean.  The  observations  from 
June,  July,  and  August  are  the  first  that  have  been  made  during  those  months  with 
the  registers,  and  during  this  period  the  river  was  lower  than  it  had  been  for  many 
years. 

Mean  of  observations  on  tides  at  Bocketts  and  Eichmond  Barf  June  to  November,  1877. 


Limitidal  in- 
tervaL 

Duration. 

Height  above 
aero. 

Bise  and  fall. 

Hieh 
tide. 

Low 
tide. 

Flood. 

Ebb. 

High 
ti^ 

Low 
tide. 

Max. 

Min. 

Mean. 

KockettA  Reef 

h.  fn. 
16  44 
16  37i 

A.  fn. 
24  09 
23  53 

h.  fn. 
5  05 
5  13 

h.  fn. 
7  22 
7  14 

FeeL 

3.463 

3.396 

FeeL 

-0.402 
-0.450 

FeeL 
4.96 
4.92 

FeeL 
2.19 
2.34 

FeeL 
3.865 

Kichmond  Bar 

3.855 

Mean  heights  of  high  and  low  tides  afid  of  rise  and  fall  at  Bocketts,  and  of  the  fall  at  low  tide 
from  Bocketts  to  Bichfnand  Bar,  a  distance  of  2^  miles,  from  April  to  November,  1877. 

[From  registering  tide-gauges.] 


1877. 

April 

May 

June 

July 

August 

September 

October 

N  ov  ember 


High  tide 
above  sero. 


FeeL 
3.953 
3.542 
3.282 
3.234 
3.512 
3.656 
3.621 
a559 


Low  tide 
above  sero. 


FeeL 

1.022 

0.287 

—0.567 

—0.829 

—0.482 

—0.202 

0.002 

—0.088 


Rise  and 
fall. 


FeeL 
2.931 
3.283 

B.847 
4.062 

3.854 
3.618 
8.654 


Fan  at  low 
tide  fW>m 
Bocketts 
toRich. 
mondBar. 


FeeL 
0.342 
0.386 
0.109 
0.048 
0.031 
0.016 
0.138 
0.096 


The  mean  height  of  high  tide  above  zero,  not  including  June,  July,  and  August,  as 
heretofore  found,  is  3^  feet.  It  will  be  seen  from  the  al^ve  table  that  as  the  fhssh 
water  decreases  in  volume  as  indicated  by  height  of  low  tide,  the  tidal  range  or  rise 
and  fall  is  increased,  so  that  in  July,  while  low  tides  averaged  0.829  foot  below  zero,  the 
high  tides  were  only  0.266  foot  under  mean  high  tide.  The  fall  from  Rocketts  to  Kich- 
mond Bar  when  the  river  is  low  is  almost  nothing  at  low  tide ;  at  from  2  to  5  hours 
after  high  tide  on  calm  days  in  June  and  July,  1877,  the  £all  was  0.27  foot.    In  the 
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freshets  of  October  and  NoTember  the  greatest  fall  in  this  distance  was  fonud  to  oc- 
cur before  the  extreme  height  was  reached. 

Height,  feet  Fall,  feet. 

Octobers,  greatest  fall  at  12  m 12.84       2.02 

October  6,  greatest  height  11  a.  m 13.83        1.64 

November  10,  greatest  fall  at  4  p.  m 10.51        1.76 

November'll,  greatest  height  1  a.  m 11.00        1.63 

November  25,  greatest  height 28.62        2.72 

The  greatest  fall  in  the  last  case  cannot  be  ascertained. 

The  day-tides  at  BockettSj  from  December  to  May  inelusim. 


December, 

1877. 

January, 
187a 

Febmary, 

1878. 

March, 

1878. 

l&f 

May, 

1878. 

Mean  of  high  ticlejj  above  zero  in  feet 

Mean  of  low  tides  above  2ero  in  feet 

Mean  ri»e  and  fall , , 

3.43 
0.23 
3.20 

5.04 
3.U2 
2.02 

4.88 
2.52 
2.16 

3.97 
1.32 
2.65 

4.03 
1.00 
2.94 

4.31 
1.79 
2.32 

ESTIMATED  COST  OF  COMPLETING  THE  WORK. 

The  amount  expended  on  the  improvements  since  the  estimate  of  June  1,  1877,  was 
submitted  is  comparatively  small.  The  flood  of  November  made  changes  in  the  chan- 
nel sometimes  for  the  better  and  sometimes  for  the  worse;  it  caused  loss  and  damage 
to  plant  and  works,  and  showed  that  more  work  would  be  required  at  some  points  and 
less  in  others  than  had  been  estimated  for.  A  revised  estimate  is  therefore  needed.  In 
the  absence  of  full  information  at  this  time,  especially  below  Warwick  Bar,  this  is  im- 
practicable. It  is  not  improbable  that  the  changes  in  plan  required  will  not  cost  more 
than  the  amount  expended  during  the  year,  and  the  former  estimate  is  submitted  with- 
out alteration.  This  estimate  includes  the  river  from  Richmond  to  Harrison's  Bar,  with 
a  provisional  estimate  for  the  latter.  There  are  also  three  shoals  lower  down  which 
need  improvement,  which  have  not  been  included  in  previous  estimates. 

Assuming  that  the  prices  for  labor  and  material  remain  as  at  present,  and  that  full 
appropriations  are  made  so  as  to  avoid  the  increase  in  expense  due  to  incomplete  opera- 
tions, the  amount  now  required  to  make  a  channel  18  oy  180  feet  at  high  tide,  from 
Richmond  to  the  lower  end  of  Harrison's  Bar,  is  $258,024. 

The  city  of  Richmond,  by  the  loan  of  machinery  and  in  actual  work,  has  borne  the 
ereater  part  of  the  expense  of  carrying  on  and  maintaining  the  improvement  during 
xhet  year.  The  city  committee  expended  about  |22,000,  and  mmished  the  United  States 
3  dredges,  2  steam-tugs,  a  steam  dumper,  a  pile-driver,  and  9  scows,  at  a  rental  not  to 
exceed  the  cost  of  ormnary  repairs. 


COIOMERCIAL  STATISTICS. 

The  report  of  the  James  River  Improvement  Committee  of  Richmond,  R.  £.  Blank- 
enship,  esq.,  chairman,  dated  February  21,  1878,  says: 

"The  commerce  on  the  river  is  steadily  increasing.  Larger  vessels  are  seeking  car- 
goes here.  The  improvement  is  gradually  being  understo^,  and  in  a  short  time  will 
be  as  well  known  to  shipmasters  and  merchants  as  the  Clyde  and  other  great  thorough- 
fares that  have  been  made  by  carefid  and  intelligent  engineering. 

"The  number  of  vessels  arriving  and  departing  from  this  port  was  1,473,  say, 
steamers  570,  saQ  903.  Of  this  nuiuDer  vessels  carrying  175,435  tons  entered  at  Chesa- 
peake and  Ohio  Railroad  wharves,  and  vessels  carrying  50,096  tons  at  Richmond  and 
Danville  Railroad  wharves,  a  decided  increase  in  the  business  of  both  railroads." 

The  following  is  from  a  letter  of  Dr.  C.  S.  Mills,  collector  of  this  port : 

"  I  herewith  furnish  a  statement  of  revenue  collected  from  customs  at  this  port  from 
June  1,  1877,  to  May  31,  1878,  inclusive ;  also,  a  list  showing  the  number  and  tonnage 
of  all  vessels  which  have  been  eptered  and  cleared,  together  with  a  statement  of  the 
value  of  the  foreign  imports  and  exports. 

"  The  list  of  vessels,  however,  does  not  include  some  eight  hundred  trading  coast- 
wise, nor  the  value  of  their  cargoes,  of  which  no  record  is  kept  in  this  office,  such  not 
being  required  to  enter  and  clear. 

"A  statement  is  also  furnished  showing  the  extent  and  value  of  the  direct  foreign 
trade  with  this  port  and  the  various  countries  to  and  from  which  shipments  are  made. 

"  It  will  be  seen  that  Richmond,  in  common  with  all  other  ports  in  the  country,  has 
suffered  from  the  general  depression  of  business  and  diminution  of  importations^  but 
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I  think  we  are  beginning  to  realize  some  of  the  benefits  promised  from  the  iniproYe- 
ment  of  the  James  River  in  the  increased  tonnage  of  the  vessels  trading  with  this 
post,  many  of  which,  formerly  compelled  to  transfer  to  lighters  portions  of  their  car- 
goes before  coming  up  to  Richmond,  can  now  arrive  at  our  wharves  with  full  cargoes, 
thus  avoiding  the  delay  and  expense  of  transhipment. 

"Very  respectfully  yours, 

"  Charles  S.  Mills, 

IMPORTS. 

Value. 

From  England * |20,  735 

From  Nova  Scotia -. 6,676 

From  New  Brunswick 926 

FiomBranl 172,916 

= 1201,253 

Dutiable  imports 21,  917 

Free 179,336 

■       201,253 

EXPORTS. 

To  England |270,  236 

To  Ireland 19,500 

To  Austria 203,000 

To  Brazil - 1,110,534 

To  Denmark 45,530 

To  France 257,950 

To  Germany 266,553 

To  New  Brunswick 338 

To  Cape  Town,  Africa 31, 622 

To  Holland 32,400 

To  Cuba 29,130 

To  Norway 76,735 

To  Italy 154,812 

To  Nova  Scotia - 2,376 

2,500,715 

ENTRANCES  AKD  CLEARANCES  AT  THE  PORT  OF  RICHMOND,  A'IROINIA,  FROM  JUNE  1, 1877, 

TO  MAY  31,  1878. 

Coaetwim  Bteamen, 

YeMels.    Tonnage. 

Entered * ^ 433        439,724 

Cleared 515       479,341 

CoiuMae  sail  vessels  and  barges. 

Entered 122         24,689 

Cleared 16  2,478 

Entered  barges 3  257 

FOREIGN  TRADE. 

Sail  vessels. 

'^  Entered :  vessels,  38 ;  tonnage,  9,427 :  value  of  cargoes,  9201,253.  Cleaved :  vessels, 
96 :  tonnage,  29,727:  value  of  cargoes,  $2,500,715. 

"  Total  amount  or  customs  collections  at  port  of  Bichmond,  Va.,  from  June  1,  1877, 
to  May  31,  1878, 115,067.85.'' 

Very  respectfully,  your  obedient  servant, 

H.  D.  Whitcomb, 

Assistant  Engineer, 

Capt.  C.  B.  Phillips, 

Orp»  of  Engineers,  U,  S»  A. 
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F5. 

IMPROVING  APPOMATTOX  RIVER  BELOW  PETERSBURG,  VIRGINIA. 

The  balance  ($15,000)  of  the  appropriation  of  Angast  14, 1876,  was 
made  available  May  1, 1877. 

A  i>roject  for  the  expenditure  of  this  balance  was  sobmitted  to  the 
Chief  of  Engineers  on  the  16th  of  July,  1877,  and  was  by  him  approved- 
The  project  contemplated  the  expenditure  of  this  entire  balance  upon 
that  portion  of  the  river  between  the  upper  end  of  Puddledock  Gut  and 
the  city  of  Petersburg,  the  work  to  consist  of  the  removal  by  blasting  of 
about  400  cubic  yards  of  rock  from  the  channel  at  the  bend  opposite 
Stein's  Upper  Cut,  the  construction  of  about  1,000  linear  feetof  longitud- 
inal dike  extending  downstream  from  Lieutenant's  Bun,  and  the  con- 
struction of  13  wing-dams,  consisting  partly  of  sheet  pihng  and  parUy 
c€  stakes  and  brush  wattling,  and  located  for  the  most  part  at  the  long, 
straight  reach  occupied  by  Page's  Bar. 

This  portion  of  the  river  had  necessarily  been  somewhat  neglected  of 
late  years,  the  greater  portions  of  the  appropriation  having  been  abso- 
lutely requked  at  the  lower  portions  of  the  river,  including  the  dredging 
of  Puddledock  Cut  and  the  construction  of  deflectors  and  embankments 
in  connection  with  it. 

The  details  of  the  work  were  determined  upon  after  a  careM  study  of 
the  past  history  of  the  improvement  and  i^ter  forming  certain  deduc- 
tions £rom  current  observations  taken  for  the  purpose. 

In  May,  1877,  current-observations  were  taken  at  two  points,  one  near 
the  "magEizine"  rock  in  the  bend  of  the  river  opposite  Stein's  Upper 
Cut  for  the  purpose  of  determining  the  proper  location  of  the  channel  at 
this  point;  the  other  opi)Osite  the  city  of  Petersburg,  for  the  purpose  of 
determining  the  discharge  of  the  river.  The  observations  at  the  maga- 
zine rock  showed  conclusively  the  impracticability  of  turning  the  chan- 
nel to  the  south  of  the  rock,  and  as  the  space  was  extremely  limited  be- 
tween it  and  the  northern  shore,  it  was  determined  to  remove  by  blasting 
so  much  of  the  rock  as  would  give  a  clear  passage  of  100  feet.  A  sketch 
showing  the  original  location  of  this  rock,  together  with  the  paths  of 
floats  l^fore  its  removal^  accompanies  this  rexwrt. 

In  taking  observations  for  (^charge,  a  point  was  selected  at  the 
lower  end  of  the  city  of  Petersburg  where  the  river  is  nearly  straight. 

A  base  line,  150  feet  in  length,  and  parallel  to  the  general  thread  of 
the  stream,  was  laid  out  on  the  northern  shore,  from  which  base  the 
floats  were  located  and  timed  while  on  their  passage. 

Four  gauges  had  been  previously  located  and  connected  with  a  line  of 
levels,  one  at  the  point  of  observations,  the  others  at  intermediate  points 
between  Petersburg  and  the  upper  end  of  Puddledock. 

These  gauges  were  observed  during  the  whole  time  that  observations 
were  being  made.  The  observations  were  necessarily  limited  to  a  single 
day,  but  were  continuous  during  an  entire  period  of  ebb  and  flow.  Sixty- 
six  observations  were  made  in  all^  covering  4)tdte  thoroughly  the  entire 
streimi  both  horizontally  and  vertically.  The  river  at  the  time  the  ob- 
servaticms  were  made  was  at  about  its  ordinary  stage. 

It  was  found  that  the  mean  discharge  of  the  river  at  the  point 
selected  during  the  entire  period  of  ebb  tide  was  at  the  rate  of  1,074 
cubic  feet  per  seccmd,  the  mean  velocity  being  .78  foot  per  second,  or  .53 
mile  per  hour. 

The  present  area  of  cross-section  at  the  iK>int  of  observations  is  1,377 
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square  feet.  An  amount  of  dredging  has  been  done  here,  however,  by 
the  city  of  Petersbui'g  of  hite  years,  and  from  an  old  map  made  before 
the  dredging  wa.s  done,  the  okl  area  of  cross-section  is  found  to  have 
only  1,080  square  feet. 

Considering  the  nature  of  the  bottom,  being  composed  mostly  of  quite 
coarse  sand,  and  the  present  mean  velocity  of  the  stream  being  but  a 
trifle  over  one-half  a  mile  per  hour  during  ebb  at  the  straight  portions 
of  tlie  river,  it  is  to  be  considered  that  the  gradual  filling  of  all  dredged 
straight  portions  of  the  river  will  continue  until  the  original  area  of 
cross-section  shall  have  been  restored.  It  seemed  evident,  then,  that  a 
general  contraction  of  the  stream  was  calletl  for  by  means  of  longitudinal 
clikes  and  perpendicular  jetties,  in  order  to  maintain  a  gi'eater  depth  of 
water  than  the  natural  width  of  the  river  and  the  orclinarj^  supply  of 
water  would  allow. 

A  depth  of  10  feet  at  ordinarj'  low  water  is  extremely  desirable  below 
the  city  of  Petersburg,  and  with  this  desired  depth  in  ^iew,  it  was  found 
by  the  application  of  the  most  ai)proved  formula  that  the  river  should 
not  have  a  greater  general  width  than  about  125  feet  along  the  straight 
reaches. 

With  this  conclusion  in  view  the  details  of  the  longitudinal  dike  and 
the  perpendicidar  jetties  were  arranged,  although  in  the  case  of  the 
latter  they  were  extended  so  as  to  contract  the  stream  to  only  140  feet 
in  width.  This  for  tlie  reason  that  a^  only  the  alternate  jetties  could  be 
fiilly  completed  for  want  of  funds,  the  river  was  left  at  this  width,  that 
a  study  of  the  effects  of  the  jetties  thus  extended  could  be  made.  If 
necessary,  as  will  probably  be  the  case,  the  extension  of  the  remaining 
jetties  will  be  greater,  so  as  to  contract  the  river  to  125  or  130  feet  in 
width. 

A  dredge  and  4  decked  scows  were  chartered,  and  on  the  26th  of 
July,  1877,  commenced  removing  loose  rock  and  coarse  sand  and  gravel 
overlying  the  solid  rock  to  be  blasted. 

The  dredge  was  afterward  chartered  from  time  to  time  as  needed,  to 
continue  this  process  and  to  remove  small  pieces  left  by  the  diver. 
The  rock-machinery  belonging  to  the  James  River  improvement  was 
brought  over  for  use  here,  and  drilling  was  commenced  on  the  5th  of 
August. 

Drilling  and  blasting  were  continued  until  the  9th  of  November,  1877, 
during  which  period  421  cubic  yards  of  rock  were  removed  and  deposited 
on  the  neighboring  bank  to  be  afterward  used  as  riprapping. 

Meanwhile,  the  construction  of  the  longitudinal  dike  on  the  south 
shore  and  the  brush  jetties  at  Page's  Bar  was  going  on. 

The  dike  was  commenced  in  September,  1877,  and  completed  early  in 
January,  1878.  The  dike  is  sheet-piled,  is  812  feet  in  length,  and  serves 
the  purpose  of  turning  toward  the  main  channel  the  water  which  has 
heretofore  escaped  through  Stein's  Upper  Cut,  and  also  diverts  the  water 
of  Lieutenant's  Euu  so  as  to  discharge  behind  the  dike  instead  of  as 
formerly  directly  into  the  channel. 

The  jetties  were  commenced  in  August,  1877,  and  work  was  continued 
upon  them  until  the  13th  of  March,  1878,  when  all  work  was  suspended 
for  want  of  fiinds.  During  this  period  2,249  linear  feet  of  stake  and 
brush  work,  and  437  linear  feet  of  sheet-pile  work  had  been  comi)leted. 

The  above  aggregates  are  divided  up  among  13  perpendicular  jetties, 
all  of  which  project  from  the  northern  shore  and  reduce  the  general 
width  of  the  river  along  Page's  Bar  to  about  140  feet. 

The  sheet-pile  work  is  all  located  at  the  outer  ends  of  these  jetties, 
for  the  protection  of  the  brush-work  nearer  the  shore.    Only  the  alter- 
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nate  brush  jetties  are  thus  protected  by  sheet  piling.  All  ox>eration8 
except  occasional  soundings  have  remained  suspended  since  the  13th  of 
March  last. 

Mr.  H.  D.  Bird  has  continued  as  heretofore  the  resident  engineer  at 
Petersburg.    His  report  is  appended  hereto. 

An  appropriation  of  $30,000  was  made  by  the  act  of  June  18, 1878, 
for  the  fiscal  year  ending  June  30^  1879 ;  $83,000  were  required  to  com- 
plete the  project  which  was  in  existence  on  June  30,  1875 ;  $53,000  yet 
remain  to  be  provided  for. 

Money  statement 

July  1,  1877,  amount  available $15,571  09 

Amouut  appropriated  by  act  approved  June  18,  1878 30,000  00 

$45, 571  09 

July  1,  1878,  amount  expended  during  fiscal  year 15,565  90 

July  1,  1878,  amount  available 30,005  19 

Amonnt  (efttimat-ed)  required  for  completion  of  existing  project 53, 000  00 

Amouut  that  can  be  profitably  expended  iu  fiscal  year  ending  June  30, 1880.     30, 000  00 


REPORT  OF  MR.   H.   D.   BIRD,  ASSISTANT  ENGINEER. 

Petersburg,  Va.,  May  31,  1878. 

Captain  :  I  have  the  honor  to  report  to  you  the  progress  of  the  Appomattox  River 
improvement  for  the  last  fiscal  year. 

Owing  to  the  limited  means  at  our  disposal  the  amount  of  work  done  was  light  and 
of  a  desultory  character.  Still  it  was  of  importance  toward  furthering  the  construc- 
tion of  the  improvement. 

We  began  the  year  by  completing  an  embankment  we  had  been  at  work  on  at  the 
cloee  of  the  last  year  to  secure  Puddledock  Cut  from  damage  by  freshets.  This  em- 
bankment is  6,428  feet  long,  8  feet  wide  on  top,  and  5  feet  above  high  water. 

It  is  interesting  to  remind  you  that  the  dredgingof  this  cut  was  completed  in  Au- 
gust, 1876,  and  the  south  channel  below  in  June,  1873,  nearly  4  miles  of  the  6  miles  of 
river  that  needed  improvement.  Since  those  dates  there  have  only  been  taken  out 
15,344  yards  in  all  to  maintain  the  depth  of  channels,  to  which  they  had  been  dredged. 
This  amount  of  repairs  is  comparatively  light,  and  I  think  it  shows  conclusively  uiat 
when  the  improvement  is  completed  and  the  banks  secured  according  to  the  plan  of 
the  engineer  in  charge,  the  cost  of  repairs  will  be  lighter. 

In  July  last  we  commenced  with  the  dredge  uncovering  a  ledge  of  rock  in  the  river 
just  below  Petersburg,  for  the  purpose  of  widening  the  channel  tlm>ugh  it.  We  blasted 
out  and  landed  421  cubic  yarda  oi  granite  and  made  the  channel  ICS  feet  wide  and  10 
to  12  feet  below  low-water. 

During  the  progress  of  this  work  we  commenced  about  one-half  mile  down  the 
river,  and  nearly  completed  a  number  of  transverse  jetties  made  with  posts  and  a  wat- 
tling of  poles  to  contract  the  channel. 

Their  united  length  is  2,249  feet,  and  they  extend  a  distance  of  3,000  feet  down  the 
river.  As  these  jetties  reached  deep  water  we  continued  their  extension  with  sheet 
piling  far  enough  out  to  obtain  the  necessary  contraction  of  channel;  and  up  to  the 
time  the  funds  were  exhausted  we  had  constructed  437i  feet  of  this  piling ;  we  also 
built  a  longitudinal  line  of  the  same  kind  of  piling  812  &et  long  to  guide  the  current 
round  a  bend  of  the  river,  where  the  shore  was  too  low  for  the  purpose.  As  the  water 
was  occasionally  too  high  to  work  all  day  on  the  piling,  the  hands  were  usefully  em- 
ployed breaking  the  rock  got  out  into  riprap ;  and  particularly  in  digging  and  securing 
a  new  outlet  for  Lieutenant's  Knn.  This  stream,  which  in  freshets  used  to  bring  dontm 
and  empty  large  quantities  of  sand  in  the  harbor,  is  now  carried  behind  the  longitudi- 
nal pihng  and  deposits  the  sand  on  the  flats  below,  while  the  water  runs  into  the 
river  in  a  line  parallel  to  the  current. 

All  the  work  of  this  year  was  done  by  hired  labor,  except  the  driving  of  piles,  which 
was  let  to  contract.  Tne  blasting  of  rocks  was  done  with  machinery  belonging  to  the 
government.  They  were  worked  by  skilled  men  hired  for  the  purpose.  The  superin- 
tendent who  managed  them  also  manufactured  the  nitro-glycerine  used  in  blasting. 
The  other  portions  of  the  work,  including  the  carpenters'  work  of  piling,  were  put  up 
by  ordinary  laborers,  under  the  management  of  the  inspector  of  dredging.     I  have 
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appended  to  this  report  a  stateraeiit  of  the  cost  of  each  piece  of  work  that  could  l)e 
averaged  to  show  that  it  was  economically  doue,  and  I  can  vouch  that  it  was  well 
done. 

Respectfully,  your  ohedient  servant, 

H.  D.  Bird, 
Assistant  Engineer. 
Capt.  C.  B.  Phillips, 

Corjys  of  Engineers,  United  States  Army. 


STATEMENT  OF  THE   COST  OF   THE   DIFFERENT  PIECES  OF    WORK  DONE  THIS  YEAR   IN 
WHICH  THE  AVERAGE   COST  PER  YARD  OR  FOOT  COULD  BE  ASCERTAINED. 

Blasting,  hoisting,  and  landing  421  yards  of  rock : 

Wages  of  men $2,997  16 

Materials  used,  repairs,  &c 583  93 

Average  per  yard  is  |8.50 3,581  09 

This  does  not  include  the  cost  of  uncovering  rock  or  machinery  used. 

Building  2,249  feet  of  jetties,  posts,  wattling-poles,  and  lahor: 

Labor $607  80 

Materials,  &c 501  86 

Average  cost  per  foot,  49  cents 1, 109  66 

Extension  of  jetty  piling,  437^  feet : 

Labor  and  hire  of  scows $180  30 

Materials 936  41 

Driving  437^  feet  piles 437  60 

Average  cost  per  foot,  $3.57 1,554  21 

Longitudinal  piling,  812  feet  long : 

Labor $394  30 

Materials,  &o : - 1,300  09 

Driving  piles 812  00 

Average  cost,  $3.08  per  foot 2,  506  39 

Breaking  180  yards  of  rock  into  riprap : 

Labor $81  72 

Tools  (less  value  on  hand) 3  15 

Average  cost  i>er  yard,  47  cents  ..,. 84  87 

Note. — There  is  a  considerable  discrepancy  between  the  average  cost  per  foot  of 
longitudinal  piling  ($3.08  per  foot)  and  ietty  piling  ($3.57).  'flie  difference  was 
mainly  caused  by  the  difterence  in  the  quality  of  sheet  piling  used.  Common  lumber 
was  used  in  the  longitudinal  piling,  and  the  best  heart  pine  in  the  jetty  piling,  as  a 
more  durable  timber  was  needed  there. 


COMMERCLAL  STATISTICS. 

Petersburg,  Va.,  September  19,  1878. 

Dear  Sir  :  As  an  appendix  to  my  report  of  the  work  done  on  this  improvement  dur- 
ing^he  last  fiscal  year,  I  desire  to  report  to  you  the  following  information  in  regard  to 
the  business  of  this  city. 

The  collector  of  internal  revenue  for  this  district  report*  that  he  collected  during 
the  last^year  $1,136,621.05. 

The  collector  of  the  port  reports : 

The  number  of  vessels  that  entered  coastwise 430 

The  number  that  cleared 340 

The  number  of  foreign  vessels  that  entered  and  cleared 4 
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In  connection  with  the  port  collector's  report,  I  desire  to  say  that  his  statement  of 
the  small  number  of  vesseh)  tliat  resort  to  our  river  is  no  criterion  of  the  commerce  that 
will  seek  our  port  when  our  improvement  shall  have  been  completed.  City  Point  (the 
I>ort  of  Petersburg  before  the  war)  was  the  point  of  shipment  of  all  the  coastwise  trade 
that  passed  through  the  city ;  and  the  city  authorities  were  then  engaged  in  improving  the 
navigation  of  the  river  to  bring  large  vessels  up  to  the  wharves.  But  during  the  war 
the  river  was  dammed  up  and  it  reverted  to  its  former  shallow  state. 

fThe  completion  of  the  improvement  will  remedy  this  evil ;  and  if  the  same  depth 
of  navigation  be  given  Petersburg  as  is  contemplated  to  be  obtained  in  Richmond,  it 
will  maKe  our  port  fully  equal  to  that ;  and  as  its  connections  with  the  interior  are 
more  extensive  than  that  of  Kiclimond,  with  the  further  advantage  that  it  is  nearer 
the  sea,  there  is  no  good  reason  that  its  commerce  should  not  increase  by  giving  it 
equal  facilities. 

But  the  large  amount  of  internal  revenue  paid  is  a  better  indication  of  the  import- 
ance of  the  business  of  Petereburg ;  and  not  only  that,  but  it  forms  a  direct  claim 
upon  Congress  for  its  most  liberal  consideration  of  the  want^s  of  our  improvement, 
which  it  is  believed  no  other  city  of  equal  size  in  the  Union  can  o£fer. 
Kespectfully,  your  obedient  servant, 


Col.  Wm.  p.  Craiohill, 

Major  of  Eiufineera,  U,  S,  A. 


H.  D.  Bird, 
Assistant  Engineer. 


F  6. 

IMPROVEMENT  OF  THE  GREAT  KA.NAWHA  RIVER,  WEST  VIRGINIA. 

The  sites  for  a  new  lock  and  dam^  to  be  designated  as  No.  3  of  the 
Kanawha  series,  were  acquired  during  the  autumn  of  1877.  .  The  lock 
is  to  be  located  upon  the  right  bank,  at  the  foot  of  Paint  Creek  Shoal, 
and  is  designed,  in  conjunction  witn  the  two  locks  below,  to  furnish 
navigation  throughout  the  year  from  Cannelton  to  the  Charleston  Pool. 
The  work  at  lock  No.  3  is  being  carried  on  by  hired  labor,  and  the  pur- 
chase of  material  in  open  market. 

Work  was  commenced  in  February  last,  and  at  the  date  of  this 
report  quarries  have  been  opened,  tramways  to  the  site  graded,  and 
about  J  of  the  coflfer-dam  placed  in  position. 

At  lock  No.  4,  near  Cabin  Creek  Shoal,  Mr.  C.  McCaflferty  has  con- 
tinued work  for  construction  of  same  under  contract  dated  October  15, 
1875.  The  financial  difficulties  of  the  contractor  caused  the  work  to 
progress  but  slowly  during  the  fall  of  1877. 

Obtaining  assistance  in  February  last  his  work  has  since  progressed 
more  favorably,  and  at  this  time  the  prospect  is  that  his  work  will  be 
carried  successfully  to  completion  by  the  first  of  September  next. 

At  dam  No.  4  Messrs.  Freeman,  Eichardson  &  Fraser  have  utterly 
failed  to  carry  out  their  contract  dated  May  1, 1877,  for  the  construction 
of  a  dam  abutment,  pier,  and  floor  of  a  navigation  pass  adjoining  lock 
No.  4.  In  November,  1877,  this  firm  had  nearly  completed  the  abut- 
ment, and  had  commenced  placing  coflfer-dam  for  the  pass,  but  they  be- 
came financially  embarrassed  and  discouraged  by  frequent  freshets,  and 
finally  abandoned  their  work  on  the  19th  of  December,  1877.  Their 
contract  was  annulled  on  the  31st  of  January  la«t,  and  the  work  has 
since  been  carried  on  by  hired  labor,  and  the  purchase  of  material  in 
open  market.  At  this  date  much  of  the  necessary  machinery  has  been 
purchased  by  the  United  States ;  rights  of  way  and  buildings  have  been 
secured ;  a  large  quantity  of  stone  has  been  cut ;  and  dredging  at  site 
of  coflfer-dam  at  pass  has  been  commenced.  A  contract  was  made  Feb- 
ruary 4,  1878,  with  Messrs.  Ramsay  &  Latrobe  for  the  iron  work  of  the 
pass  and  weir  of  dam  No.  4. 
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At  lock  No.  5,  near  Brownstown,  Messrs.  D.  M.  &  0.  P.  Dull 
continued  construction  of  same,  under  contract  dated  August  20, 
Occasional  strikes  of  the  contractor's  laborers  have  delayed  the 
somewhat,  but  it  has  on  tiie  whole  progressed  favorably,  and  the 
cations  are  that  it  will  be  entirely  completed  by  Ist  of  September 

A  contract  was  made  May  7, 1878,  with  the  Edge  Moor  Iron  Com 
for  the  construction  of  iron  gates  for  lock  Ko.  5. 

At  dam  No.  5,  Mr.  J.  H.  Shultz  has  continued  work  for  constru 
of  dam-abutment,  pier,  and  floor  of  navigation-pass  a(\joining  lock  ^ 
under  contract  dated  March  28, 1876. 

The  masonry  of  the  abutment  had  all  been  laid  at  the  date  of  th( 
annual  report. 

The  pier  was  completed,  and   dredging  for  coflfer-dam  of  pass 
menced,  in  September,  187/. 

The  work  of  placing  coffer-dam  of  pass  has  progressed  but  sh 
owing  to  freshets  during  October  and  November,  1877,  and  financia 
Acuities  of  the  contractor  in  the  spring  of  1878.  At  the  date  of 
report,  the  raising  and  embanking  of  the  co£fer-dam  is  still  in  prog 

The  iron- work  of  the  pass  and  weir  (contract  of  Mr.  W.  M.  Ar 
dated  May  23, 1877)  has  aU  been  deUvei^ed  at  the  site. 

Limited  operations  of  a  temporary  character  at  points  not  affi 
by  the  permanent  works  have  been  carried  on  during  the  year.  Di 
September,  1877,  a  crane-boat  was  engaged  in  removing  bowlders  at 
portion  of  the  river  between  Knob  Shoal  and  Emory's  Dam,  a  disi 
of  about  6  miles.  The  freshet  of  November  24-27  caused  a  break  a 
75  feet  in  length  in  "Two-mile  Dam." 

Steps  were  at  once  taken  to  repair  damages  by  filling  in  with  s 
quarried  and  placed  by  hired  labor.  This  work,  which  was  suspe 
during  the  winter  months,  was  riesumed  last  spring,  and  at  the  da 
this  report  is  nearly  completed. 

A  survey  of  the  Kanawha  Eiver,  below  Charleston,  as  well  as  sui 
of  portions  of  Coal  and  Pocatalico  Eivers  were  made  during  the  ; 
wim  a  view  to  establishing  the  proper  locations  of  locks  at  the  lowei 
tion  of  the  river. 

The  state  of  the  river  has  been  much  more  favorable  for  succe 
operations  during  the  fiscal  year  just  ended  than  during  the  pre^ 
year. 

The  working  season  of  1877  was  until  October  unusually  favor 

During  the  month  of  June  last  labor  troubles  seriously  interfered 
operations  at  aU  the  works  on  the  river. 

These  troubles  originated  at  lock  No.  5,  where  the  contractor's  L 
ers  struck  for  higher  wages.  The  strikers  sent  committees  to  the  < 
works  on  the  20Si  of  June,  and  induced  many  of  the  contractor's  h 
ers  to  join  them,  the  government  workmen  refiising  so  to  do.  Oi 
23d  a  mob  organized  at  Brownstown  and,  proceeding  up  the  river,  cai 
by  threats,  all  laborers  and  mechanics  to  cease  work. 

Government  workmen  resumed  work  on  the  28th  of  June,  but 
strike  at  lock  and  dam  No.  5  still  continues  at  this  date. 

The  details  of  the  operations  of  the  fiscal  year  are  frilly  set  fori 
the  accompanying  report  of  Lieut.  Thomas  Turtle,  Corps  of  Engin 
who  has  remained  the  resident  engineer  in  immediate  supervision  o 
work. 

Mr.  W.  E.  Hutton  has  continued  during  the  year,  by  constant  co 
ence,  aid,  and  advice,  to  give  the  work  the  benefit  of  his  extensive 
fessional  knowledge  and  experience. 

Mr.  A.  M.  Scott  has  also  been  constantly  and  efficiently  engaged  i 
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the  permanent  works,  as  well  as  upon  spex'ial  sur\'eys  and  examinations 
which  have  been  and  will  from  time  to  time  become  necessary. 

The  appropriations  have  been :  March  3, 1873,  $25,000 ;  June  23, 1874, 
$25,000.  Expended  in  temx>orary  improvement,  March  3,  1875,  $300,000 ; 
August  14,  1876,  ^270,000 ;  June  18, 1878,  $222,000.  The  total  of  the 
estimate  for  the  permanent  improvement  was  $4,153,000,  but  it  is  be- 
heved  the  work  can  be  done  for  considerably  less,  as  the  estimate  was 
full,  and  the  contracts  thus  far  have  underrun  the  estimates. 

Money  statement 

July  1,  1877,  amount  available $447,584  64 

Amount  appropriated  by  act  apx)rovedJune  18, 1878...... ..     222, 000  00 

1669,584  64 

July  1,  1878,  amount  expended  during  fiscal  year 189, 700  70 

July  1,  1878,  outstanding Uabilities 19,803  43 

209,504  20 

July  1,  1878,  amount  available 460,080  44 

Amonnt  (estimated)  required  for  completion  of  existinc;  project 3,360,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      500, 000  00 


Proposals  for  iron-work  of  dam  No.  4,  Great  Kanawha  Biverj  opened  at  12.5  p,  m.,  Febru- 
ary 1,  1878. 


No. 


Name. 


Beftidenoe. 


Price. 


1 
2 
3 
4 
S 
6 
7 
8 
9 
10 
U 


S.  Wilson  Murry 

W.  Bollman 

TTUcoXj  Shinkle  &  Miller 

Edf^e  Moor  Iron  Company 

Lane  Sc  Bodley  Company 

W.  M.  Aroher 

W.  D.  Haven 

Bamnay  &.  Latrobe 

Panlding,  Kemble  &  Company 

Poole  Sc  Hant 

Reading  Iron  Worka 


Milton,  Pa 

Baltimore,  Md . . . 
Pitt«burgli,Pa... 
Edge  Moor,  Del. . 
Cincinnati,  Ohio. 
Richmond,  Y a  . . . 

New  York 

Baltimore,  Md . . . 
Cold  Spring,  N.  Y 
Baltimore,  Md . . . 
Reading,  Pa 


$14,475  00 
23,872  00 
18,200  00 
22,188  00 
21,000  00 
15, 314  40 
21,750  00 
12,095  00 
28,850  00 
22,100  00 
21,87100 


Contractor,  Ramsay  &.  Latrobe,  at  $12,995. 

Abstract  of  proposals  for  iron  gat^  for  lock  No.  5,  Great  Kanawha  Biver,  opened  immedi- 
ately after  noon,  April  24,  1878. 


No. 


1 
2 
3 

4 
5 
0 
7 
8 


Name. 


Carroll  &  Company 

W.  Bollman 

J.  R.  Anderson 

Riter  Si  Conley 

Ed^e  Moor  Iron  Company 

Wdliam  M.  Archer 

Ramsay  &,  Latrobe 

Reading  Iron  Works 


Addresa. 


Pitt«burgh,  Pa , 

Baltimore,  Md 

Richmond,  Va 

Pittsburgh,  Pa 

Wilmin^on,  Del 

Richmond,  Ya 

Baltimore.  Md... 

Philadelpnia,  Pa 


Price. 


$24,582  00 
21. 492  00 
13,500  00 
15,000  00 
10,000  00 
10. 420  64 
18,485  00 
18,043  82 


Contactor,  Edge  Moor  Iron  Company,  at  $10,000. 


REPORT  OF  LIEUTENANT  THOMAS  TURTLE,   CORPS  OF  ENGINEERS. 


Charleston,  Kanawha  County,  W.  Va., 

June  19,  1878. 

Captain  :  I  have  the  honor  to  submit  the  following  annual  report  of  progress  in  the 
improTement  of  the  Great  Kanawha  River  for  the  year  ending  June  30,  1878 : 

Mr.  A.  M.  Scott  is  principal  assistant  engineer,  and  is  superintending  the  construe 
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tion  of  locks  and  dams  No8.  4  and  5.  He  is  assisted  hy  Mr.  McDermott,  assistant  en- 
gineer, in  making  estimates  and  drawings,  and  in  gi>ing  lines  and  levels  in  construc- 
tion. 

Mr.  E.  H.  Kirlin  is  inspector  at  No.  4,  and  Mr.  J.  H.  Minnick  is  inspector  at  No.  5. 

Mr.  H.  A.  Baillie,  assistant  engineer,  is  superint'Cnding  the  construction  of  lock  No. 
3,  and  has  under  him  Mr.  Charles  Humphreys,  assistant  engineer,  whose  duties  are 
similar  to  those  of  Mr.  McDemiott,  as  above. 

Mr.  John  S.  Hogne  had  charge  of  the  surveying  parties  in  the  field  last  year,  and 
is  employed  mapping  the  river  as  surveyed,  and  in  preparing  such  drawings  as  may 
be  retiuired. 

Lock  No.  3. 

The  site  for  this  lock  and  dam  was  obtained  in  the  autumn  of  1877.  Three  tracts 
are  included,  two  of  which  were  obtained  by  condemnation  and  one  by  purchase.  The 
latter  belonged  to  Mr.  J.  G.  W.  Tompkins/and  the  two  former  to  Mr.  Justin  Rideout 
and  to  the  Chesapeake  and  Ohio  Railroad  respectively. 

The  lock  is  locatM  upon  the  right  bank,  at  the  foot  of  Paint  Creek  Shoal,  and  with 
some  dredging  above  will  furnish  with  the  locks  below  a  continuous  navigation 
throughout  the  year  from  Cannelton  to  the  Charleston  Pool. 

This  work  is  to  be  carried  on  by  hired  labor  and  the  purchase  of  material.  The  pre- 
liminaries began  in  February,  by  the  purchase  of  crib-logs  for  the  coff'er-dam  ana  an 
examination  for  quarries.  The  opening  of  quarries  began  in  March,  and  we  now  have 
a  most  promising  chance  for  obtaining  all  the  stone  necessary  for  lock  and  dam, 
roughly  estimate  at  30,000  cubic  yards.  The  necessary  fencing  has  been  made,  and 
buildings  pro\ided ;  a  roa<l  and  tramways  have  been  opened  and  graded,  and  a  portion 
of  the  necessary  machinery,  flats,  derricks,  and  tools  have  been  obtained. 

Dredging  for  the  lock-site  began  in  March,  and  was  susjMinded  by  hi^h  water  on 
April  26.  To  that  time  nearly  6,000  cubic  yards  were  reniove<l.  Dredging  was  re- 
sumed on  May  23.  The  placing  of  the  coffer-dam  began  on  June  10,  and  at  close  of 
this  report  is  in  progress  (June  15,  1878). 

Lock  No.  4. 

The  progress  made  in  the  constniction  of  this  work  at  the  close  of  the  last  annual 
report  may  be  seen  by  reference  to  Api>endix  E  of  the  Annual  Report  of  the  Chief  of 
Engineers  for  1877  (page  300,  Part  I). 

At  that  time  ( Jime  16,  1877)  the  coffer-dam  was  pumped  out  and  construction  was  in 
full  operation.  The  season  of  1877  was  a  most  excellent  one  for  the  prosecution  of  the 
work,  there  being  no  interruption  by  high  water  till  November  10,  except  from  October 
5  to  October  9.  Unfortunat^ily  the  parties  engaged  in  the  construction  became  embar- 
rassed financially,  which  crippled  them  very  much  throughout  the  latter  part  of  the 
season.  The  first  indication  of  the  difficulties  appeared  in  July,  and  matters  became 
worse  from  month  to  month,  till  finally  the  machinery,  tools,  material,  and  property  of 
all  kinds  belonging  to  these  parties  were  levied  upon  by  the  sheritt",  November  12. 

This  jiractically  ended  work  for  the  season.  On  December  12  operations  w^ere  re- 
sumed with  a  small  force,  which  was  employed  irregularly  and  at  intervals  till  Febru- 
ary 25,  when  the  contractor  obtained  assistance  to  carry  on  the  work.  Since  that  date 
the  work  has  progressed  favorably,  and  with  good  security  that  it  will  be  carried  suc- 
cessfully to  completion.  At  the  date  of  writing  (June  10,  1878)  the  masourv  is  com- 
plete to  the  coping,  and  most  of  this  is  laid ;  the  paving  inside  land-wall  and  between 
the  wings  is  nearly  all  in  place,  and  the  slope-wall  protection  of  the  bank  is  in  pro- 
gress. To*  complete  the  contract  the  following  work  is  yet  to  be  perfonned,  viz, 
placing  cribs  at  head  and  tail  of  walls,  paving  back  of  cribs  and  that  n^maining  be- 
tween wings,  some  filling  and  grading  of  the  bank,  and  the  completion  of  the  slope- 
wall  protection.     The  whole  will  be  completed  i)robably  before  Sei)tcmber  1. 

Dam  No.  4. 

When  the  last  annual  report  was  rendered  the  excavation  for  the  abutment  had  be- 
gun, and  the  timber  for  the  first  section  of  cofter-dam  was  in  prenjiration. 

Tne  space  for  the  abutment  was  inclosed  on  the  river  side  by  siieet  ]>lanking,  on  the 
inside  and  outside  of  which  material  from  the  excavation  was  embanked.  This  was 
the  only  dam  necessary  to  permit  the  inclosed  space  to  be  pumped  out  and  the  masonry 
to  be  laid  therein.  The  delivery  of  stone  from  ciuarry  to  site  began  on  June  28,  and 
the  laying  of  masonry  in  foundation  commenc«a  on  August  23.  The  abutment  was 
built  ready  to  receive  the  coping  on  November  7.  A  rise  in  the  river  on  November  12 
washed  away  a  great  part  of  the  filling  within  and  behind  the  abutment.  A  portion 
of  this  was  restored  to  prevent  further  cutting  round  the  abutment  by  the  river. 

In  the  preparation  of  concrete  stone  for  the  foundation  of  the  pass,  one  of  Blake^s 
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st'One-crnshere  (old  pattern)  was  used.     In  the  quarry  opened  there  was  a  stratum  of 
very  hard  dark-colored  stone,  which  crushed  very  well. 

It  was  expected  to  complete  the  pass  and  weir  with  3  coffer-dams,  the  first  to  include 
the  pier  ana  120  running  feet  of  the  pass,  the  second  to  include  the  remainder  of  the 
pass  (128  feet),  and  the  third  to  include  the  entire  weir.  Drawings  to  illustrate  the 
construction  of  the  coffer  proposed  to  be  used  by  the  contractors  are  submitted  here- 
'with. 

Induced  by  the  success  attending  the  construction  of  the  abutment  of  dam  No.  5, 
where  the  water  was  kept  out  of  the  excavation  by  a  simple  embankment  of  the 
excavated  material,  the  experiment  was  made  of  placing  the  coffer  for  this  first  section 
immediately  upon  the  bottom  of  the  river.  The  average  depth  of  material  overlying 
the  rock  withm  the  area  inclosed  was,  according  to  borings,  made  about  If^  feet. 
Should  experience  show  that  the  coffer  could  not  be  made  sufficiently  tight,  a  trench 
could  be  dredged  outside  the  banking,  then  by  filling  this  trench  with  proper  material 
leaking  could  be  prevented.  Though  the  character  of  the  filling  and  the  quantity  and 
kind  of  embankment  placed  on  the  outside  permitted  no  sufficient  test  in  the  short 
time  from  the  commencement  of  pumping  to  the  breaking  of  the  coffer  by  the  rise  of 
November  10,  the  experience  was  not  such  as  to  justify  a  repetition  of  the  experiment 
in  the  future. 

The  delivery  of  the  crib-timber  for  the  coffer-dam  commenced  on  June  22,  the  form- 
ing of  the  crios  began  on  July  18  and  the  placing  of  them  on  July  21.  The  placing  of 
the  coffer  proper  &gan  on  August  22,  and  the  planking  was  completed  on  Septem- 
ber 27. 

On  October  6  the  river  rose  to  10.25  feet  above  low- water,  and  the  coffer  broke  on 
the  end  next  the  lock  and  at  the  up-stream  comer  on  the  other  end.  Repairs  began 
at  once,  and  pumping  commenced  on  October  29.  Repairs  to  pump,  leaks,  rains,  and 
high- water  interfered  with  this  operation,  and  on  November  10  the  lower  side  of  coffer 
was  washed  out,  taking  the  pump  with  it,  the  gauge  reading  16.5  feet  above  low-water. 
Repairs  again  commenced,  but  a  flood  on  November  24  and  25  suspended  these  repairs, 
ana  caused  still  further  damage. 

At  this  time  the  contractors  gave  out  for  the  want  of  funds,  and  abandoned  the 
work  on  December  19,  their  effects  having  been  seized  on  the  previous  dav.  By  the 
terms  of  the  contract  the  coffer-dam  became  the  property  of  tlie  United  States,  and 
men  were  employed  to  remove  and  store  such  portions  of  the  planking  timber  and 
rods  as  were  in  danger  of  loss. 

It  being  evident  fix>m  circumstances  that  the  contractors  had  no  intention  to  prose- 
cute the  works  further,  their  contract  wjuj  annulled  on  January  31,  and  authority  was 
received  to  carry  the  works  to  completion  by  liired  labor  and  the  purchase  of  material 
in  open  market.  Steps  were  taken  accordingly,  and  derricks,  flat«,  engines,  «fec.,  have 
been  procured.  The  territory  leased  by  Freeman  &  Co.  for  stone-yanu*,  the  rights  of 
way  obtained  by  them  for  the  branch  track  to  the  Chesapeake  and  Ohio  Railroa<l,  and 
most  of  the  buildings  constructed  by  them  for  their  operations,  have  been  rented. 
Nearly  2,000  cubic  yards  of  stone,  including  that  for  concrete,  is  now  prepared  on  the 
site. 

The  removal  of  the  wrecked  coffer  has  been  commenced.  The  coffer-dam  for  the 
lock  is  now  of  no  further  use,  and  the  new  coffer  fi)r  the  pass  is  to  inclose  the  space 
next  the  lock.  It  is  hoped  that  this  first  section  will  include  at  least  200  feet  of  the 
pass.  Arrangements  have  been  made  for  the  material  of  this  coffer,  and  the  framing 
thereof  is  commenced. 

A  dredge  is  now  upon  the  site,  about  to  commence  excavating  for  this  first  section. 
Operations  being  carrie<l  on  simultaneously  at  tliree  locks  and  two  dams,  at  all  of 
which  dredging  is  necessary,  the  matter  ol  dredges  was  a  pressing  one,  the  di-edges 
heretofore  available  being  only  two  in  number.  The  matter  was  further  complicated 
by  the  fact  that  if  they  were  caught  by  the  low-water  season  at  the  downstream  works 
it  might  be  impossible  to  transfer  them  to  the  other  works  till  late  in  the  season,  and 
from  the  circumstances  of  the  case  the  downstream  works  should  suffer  no  inteiTuption 
nor  l)e  delayed.  By  a  fortunate  suggestion  of  Mr.  Scott,  arrangements  have  been  made 
with  the  Coal  River  Navigation  Company  by  which  we  obtain  the  use  of  their  dredge, 
supplying  them  with  a  hoisting-engine  for  the  time,  for  which  purpose  only  did  they 
have  use  for  their  machinery.     This  is  the  dredge  now  in  use  at  dam  No.  4. 

Lock  No.  5. 

The  progress  made  in  the  constniction  of  this  lock  at  the  close  of  the  last  annual 
report  may  l>e  seen  bv  referring  to  Appendix  F  of  the  Report  of  the  Chief  of  Engineers 
for  1877  (Part  I,  p.  302).  On  that  date  (June  16,  1877)  the  cofter-dam  was  filled  by  a 
rise.  Pumping  was  resumed  next  day.  The  coffer  was  again  filled  by  a  rise  on  June 
30.  Pumping  was  resumed  on  the  21st  and  masonry  on  the  23d.  From  that  time  till 
October  5  the  work  was  uninterrupted  by  high  water,  except  for  but  a  couple  of  days. 

On  September  15  the  construction  was  so  tar  advanced  that  the  coffer  was  no  longer 


472  REPORT   OF   THE   CHIEF   OF  ENGINEERS. 

neceflsary,  and  water  was  let  in.  On  September  19  a  dredge  was  pnt  to  work  remoy« 
ing  the  lower  end  of  the  coffer  to  admit  a  flat-boat  with  a  hoisting-engine  and  derrick, 
which  was  henceforth  nsed  to  lay  masonry  and  discharge  stone  from  flats. 

The  flood  of  November  24  arrested  the  setting  of  stone  tiU  December  5.  From  this 
time  throughout  the  winter  a  decreased  force  was  employed  whenever  the  weather 
permitted,  and,  as  the  winter  was  generally  an  open  one,  but  little  interruption  was 
caused,  except  for  about  a  week  in  January.  Masonry'  was  carried  forward  whenever 
the  temperature  permitted. 

The  season  of  1878  opened  early  in  March,  and  the  work  has  progressed  favorably 
since  that  time.  At  the  writing  of  this  report  (June  14,  1878)  the  masonry  of  the  loct 
is  complete,  except  replacing  a  couple  of  coping-stones  broken  in  doweling.  The  crib 
at  the  head  of  land-wall  is  in  place,  dredging  tor  the  crib  at  the  tail  of  the  land-wall 
is  complete,  and  the  framing  of  this  crib  is  in  progress ;  the  paving  baek  of  the  land- 
wall  and  between  the  wings  and  most  of  the  slope- wall  is  laid ;  a  portion  of  the  rip- 
rapping  for  slope  of  bank  is  placed,  and  the  removal  of  the  cofler-dam  is  in  progress. 
The  work  under  this  contract  will  probably  be  completed  by  September  1.  The  con- 
struction for  the  iron  gates  for  this  lock  is  now  under  contract. 

Dam  No.  5. 

When  the  last  annual  report  was  rendered  the  masonrj'-  of  the  abutment  was  all  laid, 
the  filling  and  grading  of  the  bank  was  in  progress,  the  placing  of  the  crib  below  the 
abutment  was  going  on,  and  pumping  in  the  coffer-dam  for  the  x)ier  was  8usx)ended  by 
high  water. 

The  filling  and  grading  of  the  bank  with  the  slope  wall  and  riprap  protection  there- 
for, and  the  paving  on  abutment  and  back  of  crib  are  now  practically  complete. 

It  was  found,  when  placing  the  crib  below  the  abutment,  that,  in  the  time  interven- 
ing between  the  dredging  and  settling  the  crib  to  place,  a  quantity  of  material,  mostly 
sand,  had  slipped  out  of  the  bank,  partially  filling  the  excavation.  The  crib  at  this 
time  was  partially  filled  with  stone.  When  the  dredging  was  done  a  portion  of  the 
material  was  thrown  on  the  outside,  forming  an  embankment.  This  embankment  was 
extended,  inclosing  the  excavation,  which  was  then  pumped  out.  The  stone  filling  was 
then  taken  out,  and  the  sand^  being  removed  from  unaemeath  the  crib,  permitted  it 
to  settle  to  rock. 

In  the  autumn  of  1877  a  portion  of  the  riprap  protection,  up  stream  from  the  abut- 
ment, was  placed  upon  embanked  material.  Although  this  riprap  wa«  placed  with 
care,  the  earth  underneath  was  washed  out  to  a  considerable  extent,  and  the  riprap 
settled  so  that  the  work  had  to  be  gone  over  again.  To  prevent  this  in  future  the  rip- 
rap placed  this  season  has  had  a  layer  of  shells  and  broken  stone,  6  inches  in  thick- 
ness, placed  underneath.  In  putting  any  more  work  out  at  contract  it  is  i*ecommended 
that  this  be  provided  for  in  the  specifications. 

The  work  of  embanking  around  cofl'er  for  the  pier  was  carried  on  fVom  the  time  of  the 
last  annual  report.  On  July  2  pumping  was  resumed.  Leaks,  repairs  to  coffer,  break- 
ages to  pump,  &,c,j  hindered  this  oi>eration,  and  it  was  only  on  July  28  that  the  laying 
of  masonry  in  the  foundation  of  the  pier  commenced.  The  pier  was  completed  in  Sep- 
tember except  that  two  coping-stones  were  left  without  mortar,  to  await  the  placing  of 
the  landing  of  the  trestle-bridge  for  the  weir,  and  that  the  landing  for  the  trestle- 
bridge  for  the  pass  is  not  yet  placed. 

Dredging  for  the  pass  began  on  September  19,  and  the  placing  of  the  coffer-dam  com- 
menced on  September  26.  This  work  was  suspended  by  the  rise  of  October  6.  It  was 
resumed  on  October  15,  and  carried  on  till  the  rise  of  November  10  susiwnded  opera- 
tions for  the  season.  The  preparation  of  material  for  the  resumption  of  work  on  this 
cofter  began  late  in  March,  and  on  June  4  men  were  again  put  to  work  upon  it,  rais- 
ing it  and  embanking  around  it.  At  the  close  of  this  rexK>rt  (June  15)  this  work  is  in 
progress. 

The  iron- work  for  the  movable  pass  and  weir,  contracted  for  with  Mr.  W.  M.  Archer, 
of  Richmond,  Va.,  is  delivered  complete.  A  portion  of  the  timber  for  the  wickets  is 
stored  at  the  site,  and  arrangements  have  been  made  for  the  balance. 

TEMPORARY  IMPROVEMENT. 

The  crane-boat,  with  a  crew  of  men,  was  set  at  work  early  in  September  removing 
bowlders  from  the  shallows  in  the  lower  part>  of  the  river.  Operations  began  at  the 
head  of  Knob  Shoal  and  had  progressed  as  far  as  Emory's  Dam,  about  6  miles  below, 
when  a  slight  rise  on  the  15th  suspended  work.  Rains  upon  the  headwaters  had  made 
the  river  so  muddy  that  obstructions  could  not  be  seen.  The  water  receding  and  be- 
coming clear  an  attempt  was  made  early  in  October  to  resume,  but  the  rise  of  October 
5  suspended  this  work  for  the  season.  In  the  portion  of  the  river  gone  over  the  work 
performed  is  of  material  benefit  to  the  low- water  navigation  and  to  the  ^*  close  towing 
stages '^  of  the  river. 
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In  the  flood  of  November  24-27  a  break  occurred  in  Two-Mile  Dam  near  the  bank, 
and  abont  75  feet  in  length,  which  endangered  the  whole  dam,  and  the  bank  began  to 
wash  pretty  badly.  Steps  were  at  once  taken  to  repair  the  break  by  tilling  in  with 
stone  which  were  quarried  and  placed  by  hired  labor.  This  work  was  interrupted  by 
high  water  when  nearly  complet'ed,  and,  winter  setting  in,  had  to  be  put  off  till  the 
ensuing  season.  At  this  writing  the  repairs  are  resumed,  and  a  few  days'  'work  will 
complete  them. 

STATISTICS. 

The  following  table  is  presented  as  an  addition  to  the  commercial  statistics  of  the 
Kanawha  coal-field.  This  statement  was  compiled  by  Mr.  N.  Fitzhugh,  a  citizen  of 
this  place,  and  appeared  in  the  Courier  newspai^r  for  March  5,  1878.  That  shipped 
by  rail  includes  that  from  the  New  River  mines.  The  data  for  rail  shipments  were 
furnished  by  General  I.  M.  St.  Johu,  consulting  eneiueer  of  the  Chesapeake  and  Ohio 
Railroad ;  the  data  for  river  shipments  were  furnished  by  Mr.  J.  D.  Baines,  secretary 
of  the  Kanawha  Board. 


Year. 

By  raU. 

By  river. 

Total  per  year. 

1875 

BusheU. 
5,  792,  925 
6,609,650 
7,758,800 

Budt^, 

4,048,300 
5,024,050 
5,183.650 

BuMheU. 
9, 841, 225 

1876 

11, 633, 700 

1877 

12,942,450 

SURVEYS,  AC. 

A  survey  of  the  river  below  Charleston  began  on  September  10,  including  surveys  of 
the  localities  on  the  Kanawha  and  Elk  Rivers  where  measurements  were  made  for  dis- 
charge in  the  flood  of  Januar>'  16,  1877. 

The  survey  began  at  the  footof  Blaine's  Island,  between  Island  and  Tyler  Shoals,  and 
ext-ended  into  the  pool  above  Red  House  Shoal  and  below  the  mouth  of  Pocatalico 
River.  Surveys  were  made  of  Coal  River  from  its  mouth  to  Lock  No.  1  of  the  Coal 
River  slackwater  navigation,  and  of  the  Pocatalico  River,  from  its  mouth  to  Lauhanis 
Dam  about  6f  miles  above. 

The  survey  was  required  chiefly  on  account  of  the  proposed  change  of  Dam  No.  6 
from  a  site  at  the  head  of  Island  Shoal  to  one  below  near  the  head  of  Tyler  Shoal. 
With  this  change  a  new  arrangement  of  the  dams  below  would  be  desirable. 

The  survey  last  season  indicates  that  the  arrangement  can  be  changed  to  the  fol- 
lowing. (See  sheet  opposite  to  page  164  of  the  Re^iort  of  the  Chief  of  Engineers  for 
1876,  Part  II.) 

Dam  No.  7,  below  Peeled  Maple  ShoaL 

Dam  No.  8,  at  head  of  Tucket's  Shoal. 

Dam  No.  9,  below  Red  House  Shoal. 

Dam  No.  10,  below  Knob  ShoaL 

Dam  No.  11,  above  13-mile  ShoaL  In  this  case  the  miter-sill  of  Lock  No.  11  might 
probably  be  22  inches  below  the  level  of  low  water  in  the  Ohio  at  the  mouth  of  the 
Kanawha.  If  so,  and  the  dam  in  the  Ohio  improvement  next  below  the  Kanawha 
should  raise  the  water  5  feet  2  inches  at  the  mouth  of  the  latter  stream.  Dam  No.  12 
of  the  Kanawha  series  could  be  dispensed  with,  saving  probably  |300,0(K)  in  the  esti  ^ 
mated  cost  of  the  Kanawha  River  improvement. 

Further  study  may  show  that  Dam  No.  7  can  be  located  below  the  mouth  of  Coal 
River,  and,  if  so,  it  is  probable  that  Dam  No.  11  may  be  placed  below  the  foot  of  3-mile 
Bar,  in  which  case  heavily-loaded  boats  could  pass  into  the  Ohio  at  all  seasons,  whether 
that  river  were  improved  by  locks  and  dams  or  not. 

Further  surveys  are  not  necessary.  Observations  made  for  the  discharge  of  the 
Kanawha  in  the  flood  of  January  16,  1878,  reduced  by  Mr.  Scott,  give  as  a  result 
155,388  cubic  feet  per  second.  The  measurements  were  taken  between  11  a.  m.  and 
12.45  p.  m.,  the  Charleston  gan^e  reading  34^  feet  and  34(  feet  at  these  hours  respect- 
ively. The  river  reached  its  highest  point  (35.45  feet)  at  4.30  p.  m.  It  is,  then,  prob- 
able that  the  discharge  as  above  was  quite  the  maximum  for  that  rise. 

The  Elk  was  gauged  on  the  afternoon  of  the  same  day,  and  the  observations  give  a 
discharge  of  32,359  cubic  feet  per  second. 

The  discharge  of  the  Kanawha  below  Elk  was  then  188,347  cubic  feet  per  second 
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To  illnstrate  the  probable  frequency  with  which  the  movable  dams  will  be  maneu- 
vered on  the  Kanawha^  the  a<l,joined  sketch  is  presented. 

In  advance  of  the  nicer  adjustment  which  will  be  deriveil  from  experience,  it  may 
be  stated  as  a  general  approximation  tbat  on  a  rising  river  the  lowering  of  the  weir 
will  be  completed  when  the  5-foot  stage  is  reached,  and  the  lowering  of  the  pass  will 
be  completed  at  the  6-foot  stage ;  while,  on  a  falling  river,  the  raising  of  the  wickets 
of  the  weir,  and  of  the  pass,  will  he  completed  at  the  reverse  stages. 

Or,  referring  to  the  sketch  as  illustrating  the  matt-er,  the  dams  would  be  entirely 
open  on  those  dates  where  the  condition  of  the  river  is  indicated  by  hair-lines,  for 
both  stages,  and  the  dams  would  be  entirely  closed  where  the  condition  of  the  river 
is  indicated  by  broad  black  lines  for  both  stages.  Various  partial  maneuvers  would 
take  place  at  other  times. 

Tlie  above  would  be  so  far  modified  in  the  winter  months  that  the  dams  would  be 
completely  down  at  the  low  stages,  when  there  would  l»e  indications  or  fejir  of  the 
formation  of  ice. 

Very  respectfully,  your  obedient  servant,  Thomas  Tirtle, 


Capt.  C.  B.  Phitjjps, 

Corps  of  En4fineer9,  U.  S.  J. 


First  Lieutenant  of  Engineers, 


F7. 

IMPROVEMENT  OF  THE  CAPE  FEAR  RIVER,  NORTH  CAROLINA. 

The  work  of  the  year  ha«  consisted  principally  in  the  continued  depo- 
sition of  stone  uiK)n  the  closing  work  at  the  New  Inlet. 

At  the  date  of  the  last  annual  report,  a  contract  for  the  delivery  of 
45,000  cubic  yards  of  stone  upon  the  work  was  being  executed,  about 
20,000  yattls  of  the  aiLX)ve  quantity  having  then  been  delivered.  This 
delivery  of  stone  continued,  and  at  the  close  of  the  first  week  in  Decem- 
ber, 1877,  the  entire  45,000  yards  had  been  delivered.  The  contractors 
were,  however,  allowed  to  continue  furnishing  stone  for  another  month, 
or  until  the  close  of  the  first  week  in  January,  1878,  at  which  time  they 
had  delivered,  in  all,  since  January  1, 1877,  49,129  cubic  yards  of  stone, 
28,725  yards  of  which  were  since  July  1, 1877. 

Proposals  for  an  additional  quantity  of  stone  were  invited  October  9, 

1877,  and  opened  the  15th  of  the  following  month.  A  contract  for  the 
delivery  of  about  12,000  cubic  yards  of  stone  was  awarded  to  Mr.  W.  H. 
French,  of  Wilmington,  IN".  C.^  the  contract  to  be  completed  by  April  30, 

1878.  He  commenced  deUvermg  the  stone  in  January,  1878,  and  on  the 
6th  of  the  following  April  had  delivereil,  in  all,  11,715  cubic  yaixls.  On 
this  date  the  contraet  was  closed,  and  work  suspended,  on  account  of 
the  near  exhaustion  of  available  funds.  Total  amoimt  of  stone  depos- 
ited upon  the  dike  during  the  past  fiscal  year,  40,440  cubic  yards. 

This  stone  was  distributed  quite  uniformly  over  the  entire  length  of 
the  work  until  it  was  all  brought  up  gradually  to  low-water  mark,  when, 
fix)m  each  end  of  the  dike,  the  work  was  filled  to  high-water,  in  the 
shape  of  a  ridge,  to  distances  of  850  and  650  feet  from  Federal  and 
Zeke's  Points  respectively.  The  full  required  width  has  not  yet  been 
given  to  the  structure. 

Extensive  hydrograpluc  surveys  have  been  made  by  Mr.  Bacon,  local 
engineer,  during  the  year^  including  New  Inlet,  outside  the  closing  work, 
Snow's  Marsh  Channel,  and  both  the  eastern  and  western  channels  at 
the  old  entrance  to  the  river.  Simultaneous  tidal  observations  have 
also  been  made  from  time  to  time  at  various  points  on  the  river. 

The  shore-hue  at  Federal  Point  has  remained  about  the  same  as  at 
last  report  except  that  the  general  surface  has  risen.  The  shore-lme  of 
Zeke's  Point  has  extended  in  a  remarkable  manner,  the  low- water  Une 
having  advanced  fully  300  feet  on  the  inlet  side.    The  old  worm-eaten 
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superstructure,  between  Smith's  and  Zeke's  Islands,  has  suflfered  some 
damage  by  storms,  but  no  serious  consequences  are  anticipated. 

Ko  remarkable  changes  have  taken  place  in  the  shore-lines  of  Bald 
Head  Point  and  Oak  Island,  opposite^  at  the  old  mouth  of  the  river. 
The  effects  of  the  partial  closure  of  the  inlet  are  beginning  to  show  them- 
selves at  the  old  mouth. 

The  depth  of  water  on  the  "  rip  "  of  the  western  channel  has  increased 
to  about  lOJ  feet  at  low-water.  The  Bald  Head  Channel  has  shoaled 
somewhat  during  the  year,  but  the  distance  across  the  bar  has  been 
steadily  diminishing.  The  suction-dredge  formerly  in  use  at  this  bar  has 
remained  laid  up  for  want  of  funds.  She  is  in  need  of  extensive  repairs. 
The  necessity  of  the  use  of  this  or  some  similar  dredge  upon  the  Bald 
Head  Bar  becomes  every  day  more  and  more  apparent. 

The  new  cut  behind  the  Horseshoe  Shoal,  known  as  the  "  Snow's 
Marsh  "  Channel,  has  remained  in  the  same  condition  as  at  last  report. 
The  channel  is  not  used,  except  by  light-dyaught  vessels,  on  account  of 
a  shoal  at  its  upper  end.  It  seems  useless  to  attempt  to  remedy  this 
until  after  the  closure  of  the  inlet  shall  have  been  completed  or  nearly  so. 
The  channel  at  the  "  Logs  "  stands  well,  but  additional  width  should  be 
given  it.  It  is  now  but  130  feet  in  width,  and  should  be  made  at  least 
250  feet  in  width. 

Mr.  Henry  Nutt,  chairman  of  the  chamber  of  commerce  (Wilmington) 
committee  on  the  improvement  of  the  Cape  Fear  River,  has  continued 
to  exhibit  the  same  marked  interest  in  the  work  that  he  has  heretofore 
shown.  He  has  furnished  an  amount  of  statistical  information  in  regard 
to  the  commerce  on  this  river^  all  of  which  accompanies  this  report. 

Mr.  Henry  Bacon  has  contmued  in  the  immediate  supervision  of  this 
important  and  interesting  work,  and  has  constantly  shown  his  usual 
fidelity  and  efficiency  in  the  discharge  of  his  duties.  His  detailed  report 
of  the  operations  of  this  year  is  appended  hereto. 

An  appropriation  of  $160,000  for  this  work  was  made  by  act  approved 
June  18, 1878,  wliich  fills  the  estimate  of  June  30, 1876,  for  the  comple- 
tion of  existing  project. 

The  unex|)ect^  settling  of  the  closing  work  at  the  inlet  will  require 
the  deposition  of  nearly  50,000  cubic  yanls  of  stone  more  than  was  at  first 
anticipated,  which  will  increase  the  estimate  of  1876  by  about  $100,000. 

Money  statement, 

July  1,  1877,  amount  available $91,788  60 

Amount  appropriat^id  by  act  approved  June  18,  1878 160,000  00 

$251,788  60 

July  1,  1878,  amount  expended  during  fiscal  year  ...* *.... 91,230  36 

July  1,  1878,  amount  avaibible 160,558  24 


Amount  (estimat-ed)  rec^uired  for  completion  of  existing  project  .., 100, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  endiiig  June  30, 1880.      50, 000  00 

Cape  Fear  River, — Bids  opened  12.5  p,  w.,  Abremfter  15,  1877. 


% 


^ 


1 
2 
3 


Name. 


W.ttPreiich 

Bangs  &  Dolby  — 
Ingereon  dr.Molthrop 


Besidcnoe. 


Rocky  Point,  N.C.. 

New  York 

Kew  London,  Conn. 


a 

11 


Time. 


Commence— 


Cubic  yardt. 


Jka.  1, 1878. 
Jan.  1, 1878. 
Jan.  1, 1878. 


Complete— 


J3 


April  30, 1878 
April  30, 1878 
April  30. 1878 


$1««| 

1  88 

2  34 


Contractor,  TV.  H.  French,  at  $1.66f  per  onbio  yard. 


JO    m  *f 


APPENDIX   P.  477 

report  of  mr.  henry  racon,  assistant  engineer. 

United  States  Engineer  Office, 

SmithvUley  N,  C,  June  1,  1878. 

Captain  :  I  have  the  honor  to  submit  the  following  report  of  operations  for  the  im- 
provement of  Cape  Fear  River,  North  Carolina,  during  the  eleven  months  ending  May 
31,  1878. 

The  work  done  has  been  mostly  confined  to  the  stone  riprap  filling  on  the  timber, 
brush,  and  stone  foundation  of  the  dam  extending  across  the  New  Inlet  from  Federal 
Point  to  Zeke's  Island. 

The  contract  of  Messrs.  Bangs  and  Dolby  for  furnishing  and  placing  the  stone,  which 
began  in  January,  1877,  was  completed  January  7,  1878. 

The  following  are  the  amounts  of  stone  delivered  each  month  under  the  contract : 

Cubic  yards. 

July,  1877 4  844 

August,  1877 5,660 

September,  1877 4,344 

October,  1877 4,670 

November,  1877 4,352 

December,  1877 3,556 

January,  1878 1,299 

Total 28,725 

The  total  amount  delivered  under  the  contract  was  49,129  cubic  yards. 

Proposals  for  continuing  the  work  were  invited  by  advertisement  of  October  9, 1877. 
The  contract  was  awarded  to  W.  H.  French,  of  Rocky  Point,  N.  C,  at  $1.66|  per  cubic 
yard  to  the  extent  of  available  fands.  to  be  completed  on  or  before  April  30,  1878. 

The  delivery  was  begun  January  ll,  and  completed  April  6,  1878,  nearly  a  month 
before  the  limit  of  the  contract.  The  following  are  the  amounts  of  stone  delivered 
monthly : 

Cubic  yards. 

January,  1878 2,981 

February,  1878 , 3,572 

March,  1878 4,354 

AprU,  1878 808 

Total 11,715 

This  makes  the  whole  amount  delivered  during  the  present  fiscal  year  40,440  cubic 
yards. 

The  stone  has  been  placed  along  the  whole  length  of  the  dam  including  the  founda- 
tion of  the  old  crib-jetty  at  Federal  Point,  gradually  bringing  the  work  in  a  ridge  to 
low-water  mark,  and  at  filling  the  ridge  to  high-water  mark,  about  850  feet  in  length 
from  Federal  Point,  and  650  feet  from  Zeke's  Island,  leaving  a  space  to  be  fillea  of 
about  3,150  feet. 

No  part  of  the  work  is  completed  to  the  proper  width  and  slopes  excepting  for  a  short 
distance  from  each  shore. 

As  the  work  of  filling  has  proceeded  the  scouring  on  each  side  of  the  dam,  occasioned 
by  the  overfall  of  the  water,  increased  so  that  the  depth  each  side  was  considerably 
below  the  foundation  of  the  dam,  but  generally  sloping  from  the  side  of  the  same.  In 
one  place  the  depth  for  a  short  distance  on  the  river  side  is  30  feet  below  mean  low- 
water,  and  27  feet  on  the  sea  side.  It  is  generally  from  8  to  12  feet  below  the  original 
foundation. 

At  first  there  were  no  indications  of  settlement  in  the  foundation  mattresses,  but 
subsequently  on  all  the  shoaler  portions  of  the  work,  embracing  nearly  all  of  the  mid- 
dle section  (1,588  feet  in  length)  and  portions  of  the  shore  sections,  the  water  found 
its  way  between  and  under  the  logs  of  the  mattresses,  and  gradually  settled  the  founda- 
tions so  that  there  is  no  portion  of  the  dam  (excepting  short  lengths  at  the  shores) 
where  the  base  is  less  than  12  feet  below  mean  low- water.  No  settlement  of  the  founda- 
tion has  been  observed  where  it  was  placed  in  14  feet  depth  or  more  at  low-water. 

Tliis  scouring  and  subsidence  is  undoubtedly  favorable  for  ultimate  security  and 
permanence,  but  it  involves  a  larger  expenditure  of  riprap  than  was  expected. 

The  original  e4«timat«  (in  1875)  was  $^tK),000  for  closing  the  New  Inlet.  The  amount 
expended,  aside  from  superintendence,  is  about  $207,500.  The  annexed  estimate  in- 
creases this  to  about  |355,000. 

In  building  the  dam  to  low-water  mark  in  a  narrow  central  ridge,  the  slopes  on  a 
large  portion  of  it  fall  over  the  sides  of  the  foundation  mattresses  to  an  average  depth 
of  18  to  2X)  feet  below  low-water.  In  filling  to  high-water  mark  and  to  the  proper 
width  at  the  top,  these  slopes  must  be  filled  with  stone.    This  will  give  security  to 
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the  dam  and  preclude  the  possibility  of  fiirther  undermining.  The  scouring  seems  to 
have  reached  its  limit  in  depth.  Very  little,  if  any,  increase  has  occurred  at  any  point 
for  several  mouths,  and  there  has  been  deciaed  shoaling  in  many  places. 

It  had.  been  suggested  that  some  widening  of  the  mattress  foundations,  and  also 
that  some  peri>eudicular  jetties  to  the  dam,  would  be  advisable.  One  jetty,  of  about 
100  feet  length  and  40  feet  width,  was  placed  without  T)ro<luciug  any  app  irent  effect. 
It  is  evident  that  the  scouring  is  caused  by  the  overfall  of  the  water  and  not  by  par- 
allel cuiTents. 

The  widening  of  the  foundations  by  mattresses  was  not  resorted  t-o,  as,  after  the 
scouring  on  each  side  of  the  dam  had  occuiTcd,  the  expense  of  such  work  would  be 
nearly  or  quite  as  great  as  the  filling  the  slopes  with  rii>rap,  while  the  efficiency  would 
be  much  more  doui)tful.  The  following  sc^ctioual  diagram  illustrates  the  present  gen- 
eral condition  of  the  dam,  the  ettect  of  the  scouring  by  the  overfall  of  the  water,  and 
the  methotl  of  completion  jiroposed. 

The  forces  to  be  contended  with  in  the  closure  of  the  New  Inlet  are  well  illustrated 
by  the  fact  that  in  the  present  imi>erfect  state  of  the  dam  the  water  on  the  river  side, 
t-o  ward  the  last  of  the  ebb-tide,  nas  several  times  been  oliserved  to  be  2  feet  higher 
than  on  the  sea  side.  When  the  water  is  completely  shut  off  by  the  dam,  the  differ- 
ence at  certain  times  will  probably  amount  to  3  feet.  The  flood-currents  are  apparently 
as  strong  as  the  ebb,  but  the  diffeivnce  in  level  cannot  be  so  nearly  detomiiued  till  the 
dam  is  completed  to  high-water.  From  a  comparison  of  tidal  observations  made  in 
1876  and  1877  with  those  ma<le  since  the  parfial  completion  of  the  dam,  there  appears 
goo<l  reason  for  the  opinion  exjiressed  in  lormer  reports  that  the  range  of  the  tides  will 
be  increased  rather  than  diminished  in  the  river  at  Federal  Point  and  aliove  by  the 
closure  of  the  New  Inlet,  thus  adding  a  vast  force  to  the  scouring  i>ower  at  the  mouth 
by  the  increase  of  the  vohime  of  water. 

The  disturbing  forces  of  the  New  Inlet  tides  explained  in  former  reports  will  also  be 
removed.  These  are  especially  powerful  in  the  vicinity  of  the  New  Inlet  and  the 
Hoi'seshoe  Channel.  The  good  effect  of  the  partial  closure  is  already  apparent.  The 
available  depth  in  the  Horseshoe  Channel  has  increased  fully  one  foot  since  the  dam 
was  begun.  A  reference  to  the  sketch  of  this  vicinity  which  is  annexed  hereto  will 
show  that  gootl  results  should  be  expected.  The  main  flood  after  the  full  closure  will 
no  longer  be  met  near  the  Horseshoe  Channel  by  the  inlet  flood,  nor  the  main  ebb-cur- 
rents be  diverted  and  disturbed  by  those  of  the  inlet. 

The  primal  fact  which  lies  at  the  foundation  of  the  great  deleterious  influence  of 
the  New  Inlet  as  well  as  of  the  <lifficulty  of  closure,  is  that  the  average  time  of  the 
tides  at  the  natural  entrance  and  on  the  sea  side  of  the  New  Inlet  dam,  when  finished, 
will  be  nearly  simultaneous,  while  the  same  on  the  river  side  of  the  dam  will  average 
fully  an  hour  behind.  There  is,  therefore,  or  will  be  during  more  than  half  the  time 
of  each  tide,  an  alternating  average  difference  of  at  least  1  foot,  in  level,  which  is 
varied  at  different  periwls  of  the  tide  and  with  different  tides  and  winds. 

As  the  volume  of  the  New  Inlet  tide,  though  large  in  itself,  is  small  compared  with 
the  overwhelming  tides  of  the  entrance,  there  has  been  some  approximation  to  the 
eflect  which  may  be  conceived  to  be  produced  by  the  interposition  and  sudden  removal 
of  the  complete  dam,  at  the  times  of  these  differences  of  level. 

The  eftect  of  the  partial  closure  of  the  New  Inlet  is  already  apx>arent  at  the  natural 
entrance.  It  is  believed  that  the  **  Rip  "  of  the  western  chaunel  was  never  so  long  in 
so  good  a  condition.  It  has  been  reliable  for  fully  9  feet  depth  at  mean  low-water 
since  October  1,  1877.  At  the  present  time  the  shoalest  soundings  are  10^  feet,  excei)t- 
ing  for  a  distance  not  exceeding  60  feet  on  soft  sand. 

The  effect  at  the  Bald  Hea<l  Channel  is  less  apparent  but  not  less  real.  Since  the 
coast  8ur\^ey  of  1872,  the  distance  across  the  bar,  n"om  12  to  12  feet  depth  at  mean  low- 
water,  has  diminished  from  2,400  to  1,2(X)  feet,  and  the  deep  water  is  pushing  in  a 
direct  lino  across  the  bar.  It  is  veiy  unfortunate  that  funds  liave  not  been  available 
to  assist  in  the  process.  It  is  probable  that  this  process  and  its  incompletion  accounts 
for  the  slight  shoaling  on  the  bar  which  has  occurred  during  the  year.  The  shoalest 
soundings  are  now  9  feet  at  mean  low-w  ater  for  very  short  distances  (in  two  places) 
on  shifting  sands. 

No  great  permanent  changes  have  occurred  in  the  shore-lines  of  Federal  Point.  Dur- 
ing the  prevalence  of  strong  southwest  winds,  and  a  course  of  high  tides  in  August, 
1877,  a  tendency  to  flank  the  dam  at  Federal  Point  w^as  experienced.  This  was 
promptly  checked  by  stone  filling^  and  the  dam  was  made  much  more  secure  thereby. 
A  line  of  sheet-piling  was  also  driven  from  the  end  of  the  dam  to  the  high  mound  at 
the  quarters.  The  sand  has  formed  a  ridge  over  it  above  the  highest  tides.  The  gen- 
eral surface  of  the  land  has  risen. 

Some  abrasions  have  occun-ed,  but  they  have  been  followed  by  accretion,  and  there 
has  been  a  general  advance  of  the  crest  and  low-water  lines. 

Consideniole  changes  have  occurred  in  the  shore-lines  of  Zeke's  Island,  especiaVy 
on  the  easterly  side  and  near  the  dam.     The  low-water  line  has  advanced  about  300 
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feet  for  a  distance  of  more  than  a  quarter  of  a  mile.    The  crest  line  has  made  a  less 
advance. 

There  has  been  a  general  ja^wth  of  the  island  excepting  near  its  connection  with 
Smith's  Island.  In  this  vicinity  there  has  always  been  alt<;mate  accretion  and  abra- 
sion on  the  sea  side.  The  old  superstructure  of  the  connecting  works  was  thoroughly 
worm-eaten,  so  that  little  force  beyond  the  buoyancy  of  the  water  was  required  to 
move  it.  About  150  feet  in  length  was  washed  out  by  the  storm  of  September  17, 
1876,  as  per  last  report. 

During  the  jjast  two  months  a  new  breach  has  l)een  made  in  it  of  al)out  300  feet  in 
length,  a  little  northerly  of  the  other,  so  that  the  water  x)asses  freely  at  half  tides. 
As  the  foundation  stone  and  timbers  are  intact,  there  is  no  inmiediate  danger  of  a 
thorough  breach.  It  is  intended  to  repair  these  breaches  as  soon  as  funds  are  avail- 
able. 

The  ultimate  strength  of  the  work  will  be  increased  by  the  washing  of  a  large 
amount  of  sand  from  £he  sea  side,  and  filling  the  deep  water  on  the  bay  or  river  side. 

The  long  narrow  sand-beach  of  Smith's  Island  which  se))arates  the  sea  from  the  bay 
has  improved  in  condition  during  the  year,  although  the  **  swashes"  across  the  beach, 
some  3  and  4  miles  from  the  head  of  the  island,  remain  open. 

At  the  beginning  of  the  year  the  spring  tides  washed  over  several  miles  of  this 
beach.  During  the  year  it  has  risen  above  the  highest  tides  excepting  at  the  swashes. 
These  have  now  an  aggregate  width  of  about  2,950  fefet  at  high-water.  This  em- 
braces the  middle  gi*ound  between  the  first  two  **  swashes,"  which  is  bare  at  about 
half  tide,  and  about  1,400  feet  in  length.  The  southerly  swash,  originally  about  800 
feet  in  width  at  high-water,  has  diminished  to  less  than  200  feet. 

The  process  of  shoaling  in  the  rear  of  the  ** swashes"  has  continued  throughout  the 
year.  There  is  but  little  doubt  of  their  ultimate  closure  by  natural  causes  and  of  the 
growth  of  a  large  area  of  marsh  or  grass  lands,  thus  forming  the  best  defense  against 
future  breaches  and  repeating  former  experience,  and  e8X>ecially  of  the  great  breaches 
of  1857. 

By  reference  to  the  survevs  of  Lieutenant  Glynn  of  1839,  it  appears  that  the  long 
narrow  sand-beach  was  bordered  with  but  very  little  marsh.  Comparison  with  subse- 
quent surveys  shows  its  growth  in  the  rear  of  the  several  breaches,  and  especially  of 
the  great  breaches  of  1857.  It  is  to  be  noticed  that  these  breaches  cause  a  more  rapid 
recession  of  the  general  line  of  the  beach. 

The  present  breaches  are  so  remote  from  the  river  and  channels  and  the  New  Inlet, 
and  so  little  influenced  by  its  closure,  that  no  immediate  danger  can  be  apprehended 
from  them.  Therefore  no  expenditure  is  recommended  for  their  closure  during  the 
coming  year  unless  there  be  more  unfavorable  developments. 

No  great  changes  in  the  shore-line  of  Bald  Head  Point  and  the  opposite  point  of 
Oak  Island  have  occurred  during  the  year.  The  southwestern  shore  of  Bald  Head 
Point  has  receded  and  there  has  been  some  advance  northward  and  eastward.  The 
width  from  i>oint  to  point  remains  about  the  same. 

The  new  cut  behind  the  Horseshoe  Channel  near  Snow's  Marsh  has  remained  in  the 
same  condition  during  the  year.  The  shoaling  at  the  upper  end  destroys  its  utility 
for  more  than  8  feet  draught  at  low-water.  A  reference  to  the  annexed  sketch  will 
show  the  remedy  proposed. 

It  is  apparent  from  the  general  shape  and  condition  of  the  river  and  channel,  as  well 
as  from  observations,  that  the  i)revailing  tidal  currents  both  of  the  ebb  and  flood,  and 
esxiecially  the  ebb,  cross  the  upper  or  shoaled  portion  of  the  cut  obliquely,  and  will  do 
so  after  the  complete  closure  of  the  New  Inlet.  This  is  the  cause  of  the  shoaling,  the 
bottom  being  sandy. 

It  is  not  believed  to  be  practicable  at  any  reasonable  expense  to  divert  the  main 
currents  through  the  cut/  but  by  giving  the  upper  end  of  it  a  new  direction  above 
Snow's  Marsh  parallel  with  the  prevailing  currents,  extending  it  to  the  12-foot  pocket, 
which  is  ve^  nearly  connected  with  the  main  channel  of  12  feet  depth  at  low-water 
(as  may  easily  be  done  by  a  very  small  amount  of  dredging),  a  good  and  reliable  sub- 
sidiary channel  may  be  obtained  of  12  feet  depth  at  low-water,  much  more  reliable  and 
permanent  than  the  Horseshoe  Channel,  as  tliat  will  always  be  more  subject  to  cross, 
changeable,  and  opposing  currents,  which  are  the  source  of  its  changes  and  deteriora- 
tion. 

The  channel  thus  obtained  will  more  than  justify  all  the  expense  thus  far  incurred 
by  dredging  it,  and  the  comparatively  small  expense  proposed  to  make  it  available. 

The  new  dredged  channel  at  the  *'  Logs,"  near  Campbell's  Island,  retains  its  depth  of 
12  feet  at  low-water.  It  is  only  130  feet  in  width,  and  it  should  be  widened  to  make 
it  more  serviceable. 

The  exhaustive  hydrographic  survey  of  the  river  between  New  Inlet,  Snow's  Marsh, 
the  deep  water  above  Federal  Point  and  below  Price's  Creek  light  hpuse,  has  been 
completed  and  the  map  projected  on  a  scale  of  200  feet  to  an  inch. 

A  like  survey  of  the  New  Inlet  extending  over  the  whole  basin  and  to  deep  water 
over  the  shoals  has  also  been  made,  and  the  maps  projected  on  a  scale  of  400  feet  to  an 
inch. 
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feet  for  a  distance  of  more  than  a  quarter  of  a  mile.    The  crest  line  has  made  a  less 
advance. 

There  has  been  a  general  growth  of  the  island  excepting  near  its  connection  with 
Smith's  Island.  In  this  \icinity  there  has  always  been  alternate  accretion  and  abra- 
sion on  the  sea  side.  The  old  snperstructnre  of  the  connecting  works  was  thoroughly 
worm-eaten,  so  that  little  force  beyond  the  buoyancy  of  the  wat«r  was  requircS  to 
move  it.  About  150  feet  in  length  was  washed  out  by  the  storm  of  September  17, 
1876,  as  per  last  report. 

During  the  past  two  months  a  new  breach  has  been  made  in  it  of  about  300  feet  in 
length,  a  little  northerly  of  the  other,  so  that  the  water  passes  freely  at  half  tides. 
As  the  foundation  stone  and  timbers  are  intact,  there  is  no  immediate  danger  of  a 
thorough  breach.  It  is  intended  to  repair  these  breaches  as  soon  as  funds  are  avail- 
able. 

The  ultimate  strength  of  the  work  will  be  increased  by  the  washing  of  a  large 
amount  of  sand  from  the  sea  side,  and  filling  the  deep  water  on  the  bay  or  river  side. 

The  long  narrow  sand-bea<^h  of  Smith's  Island  which  separates  the  sea  from  the  bay 
has  improved  in  condition  during  the  year,  although  the  "swashes"  across  the  beach, 
some  3  and  4  miles  from  the  head  of  the  island,  remain  open. 

At  the  beginning  of  the  year  the  spring  tides  washed  over  several  miles  of  this 
beach.  During  the  year  it  has  risen  above  tlie  highest  tides  excepting  at  the  swashes. 
These  have  now  an  aggregate  width  of  about  2,950  fefet  at  high-water.  This  em- 
braces the  middle  ground  betw€^en  the  first  two  **  swashes,"  which  is  bare  at  about 
half  tide,  and  about  1,400  feet  in  length.  The  southerly  swash,  originally  about  800 
feet  in  width  at  high-water,  has  diminished  to  less  than  200  feet. 

The  process  of  shoaling  in  the  rear  of  the  ** swashes"  has  continued  throughout  the 
year.  There  is  but  little  doubt  of  their  ultimate  closure  by  natural  causes  and  of  the 
growth  of  a  large  area  of  marsh  or  grass  lands,  thus  fomdug  the  best  defense  against 
future  breaches  and  repeating  former  experience,  and  especially  of  the  great  breaches 
of  1857. 

By  reference  to  the  surveys  of  Lieutenant  Glynn  of  1839,  it  appears  that  the  long 
narrow  sand-beach  was  Iwrdered  with  but  very  little  marsh.  Comparison  with  subse- 
quent surveys  shows  its  growth  in  the  rear  of  the  several  breaches,  and  especially  of 
tne  great  breaches  of  1857.  It  is  to  be  noticed  that  these  breaches  cause  a  more  rapid 
recession  of  the  general  line  of  the  beach. 

The  present  breaches  are  so  remote  from  the  river  and  channels  and  the  New  Inlet, 
and  so  little  influenced  by  its  closure,  that  no  immediate  danger  can  l)e  apprehended 
from  them.  Therefore  no  expenditure  is  recommended  for  their  closure  during  the 
coming  year  unless  there  be  more  unfavorable  developments. 

No  great  changes  in  the  shore-Hue  of  Bald  Head  Point  and  the  opposite  point  of 
Oak  Island  have  occurred  during  the  year.  The  southwest-em  shore  of  Bald  Head 
Point  has  receded  and  there  has  been  some  advance  northward  and  eastward.  The 
width  from  iM)int  to  point  remains  about  the  same. 

The  new  cut  behind  the  Horseshoe  Channel  near  Snow's  Marsh  has  remained  in  the 
same  condition  during  the  year.  The  shoaling  at  the  upper  end  destroys  its  utility 
for  more  than  8  feet  draught  at  low-water.  A  reference  to  the  annexed  sketch  will 
show  the  remedy  proposed. 

It  is  apparent  from  the  general  shape  and  condition  of  the  river  and  channel,  as  well 
as  from  observations,  that  the  prevailing  tidal  currents  both  of  the  ebb  and  flood,  and 
especially  the  ebb,  cross  the  upper  or  shoaled  portion  of  the  cut  obliquely,  and  will  do 
so  after  the  complete  closure  of  the  New  Inlet.  This  is  the  cause  of  the  shoaling,  the 
bottom  being  sandy. 

It  is  not  believed  to  be  practicable  at  any  reasonable  expense  to  divert  the  main 
currents  through  the  cut,*  but  by  giving  the  upper  end  of  it  a  new  direction  above 
Snow's  Marsh  parallel  with  the  prevailing  currents,  extending  it  to  the  12-foot  pocket, 
which  is  very  nearly  connected  with  the  main  channel  of  12  feet  depth  at  low-water 
(as  may  easily  be  done  by  a  very  small  amount  of  dredging),  a  good  and  reliable  sub- 
sidiary channel  may  be  obtained  of  12  feet  depth  at  low-water,  much  more  reliable  and 
permanent  than  the  Horseshoe  Channel,  as  tbat  will  always  be  more  subject  to  cross, 
changeable,  and  opposing  currents,  which  are  the  source  of  its  changes  and  deteriora- 
tion. 

The  channel  thus  obtained  will  more  than  justify  all  the  expense  thus  far  incurred 
by  dredging  it,  and  the  comparatively  small  expense  proposed  to  make  it  available. 

The  new  dredged,  channel  at  the  "  Logs,"  near  Campbell's  Island,  retains  its  depth  of 
12  feet  at  low-water.  It  is  only  130  feet  in  width,  and  it  should  be  widened  to  make 
it  more  serviceable. 

The  exhaustive  hydrographic  survey  of  the  river  between  New  Inlet,  Snow's  Marsh, 
the  deep  water  above  Federal  Point  and  below  Price's  Creek  light  hpuse,  has  been 
completed  and  the  map  projected  on  a  scale  of  200  feet  to  an  inch. 

A  like  survey  of  the  New  Inlet  extending  over  the  whole  basin  and  to  deep  water 
over  the  shoals  has  also  been  made,  and  the  maps  projected  ou  a  scale  of  400  feet  to  an 
inch. 
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A  thorough  survey  of  the  Bald  Head  and  western  channels  of  the  natural  entrance 
has  been  made,  and  projected  on  a  scale  of  ^dW  • 

The  triangulation  in  preparation  for  a  complete  hydrographic  survey  of  the  river 
connecting  the  above  surveys  has  been  made. 

Reconnaissances  and  examinations  have  been  made  and  reported  from  time  to  time 
of  Federal  Point,  Zeke's  and  Smith's  Islands,  Bald  Head  Point,  &c. 

The  tug  James  T.  Easton,  and  the  crew  of  the  same,  have  been  very  useful  in  these 
surveys,  and  very  little  extra  lalior  has  been  employed  on  them.  The  tug  was  laid  up 
under  the  care  ot  a  watchman  and  the  crew  discharged  December  31,  1877.  Some  re- 
pairs will  be  required  to  put  her  in  running  order. 

The  suction-dredge  Woodbury  has  been  laid  up  under  the  care  of  a  watchman 
during  the  year.  Her  hull  and  machinery  have  necessarily  suffered  some  from  decay 
and  rust.  Her  boiler  is  known  to  be  worthless.  The  machinery  and  pumping  appa- 
ratus are  in  reasonably  good  condition. 

Simultaneous  tidal  observations  have  been  taken,  especially  at  Smithville,  Federal 
Point,  and  Wilmington.  They  have  not  been  taken  with  a  view  to  determine  the 
absolute  average  range  of  the  tides  so  much  as  their  relative  movements  and  ranges  at 
the  several  places. 

Some  of  the  comparative  results  of  these  observations  are  shown  below.  These 
tidal  observations  will,  on  comparison  with  future  observations  which  may  be  made 
at  the  same  places  after  closing  the  New  Inlet,  show  the  effect  of  that  work  on  the 
tidal  movements. 

From  184  simnltAueons  observations,  each  of  high  and  a^acent  low-water  in  1876 
and  1877,  and  71  similar  observations  of  the  same  from  February  11,  1878,  to  May  30, 
1878,  since  the  partial  closure  of  the  New  Inlet,  the  following  results  appear : 

One  hundred  and  eighty-four  ohaervatians  in  1876  and  1877. 


Averajce  hi^rh-water 

Average  low- water 

Average  range 

Per  oentage  of  Smithville 


range. 


Federal 
Point. 


FeeL 

4.50 
0.«2 
3.88 
SSperot. 


Seventy-one  observations  mi  1878. 


Average  bigh-water 

Average  low- water 

Average  range 

Percentage  or  Smithville  range. 


SmithvUle. 


FeeL 
4.95 
0.96 
3.97 


Federal  Point 


Biveraide. 


FeeL 
4.31 
LOO 
3.31 
83|per  ct. 


Seaside. 


FeeL 
4.32 
0.61 
a  71 
93iperct. 


Comparative  results  of  twenty-eight  simultaneous  observations  of  high^water  and  adfaoent  low^ 

water,  from  April  22,  1878,  to  May  30,  1878. 


Average  high- water 

Average  low-water 

Average  range 

Approximate  percentage  of  Smithville  range 

Approximate  percentage  of  Federal  Point,  river  aide, 
range 


Smlthvffla 


FeeL 
4.91 
LOT 
3.84 


Federal  Point. 


Biveraide. 


FeeL 
4.29 
L07 
8.22 
0.84 


Seaside. 


FeeL 
4.30 
0.74 
3.56 
0.93 


Wilming- 
ton. 


FeeL 
4.42 
L75 
2.67 
0.70 

0.83 


The  tides  observed  in  1876  and  1877  give  about  the  average  range  at  Smithville^ 
Those  observed  in  1878  give  less  than  the  average,  because  more  of  the  larger  tides 
were  omitted. 
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The  present  condition  of  the  dam  does  not  allow  the  full  natural  ebb  on  the  river 
side  by  reas«n  of  the  influx  of  the  inlet  flood,  nor  the  full  flood  on  account  of  the  out- 
flow with  the  inlet  ebb.  If  the  dam  had  been  complete  during  the  above  observations 
of  1878,  it  seems  certain  that  the  average  range  on  the  river  side  wouhl  have  been  at 
least  '^  per  cent,  of  the  average  range  at  SmithviHe,  and  the  percentage  would  have 
been  still  further  increased  if  a  proper  portion  of  the  larger  tides  had  been  observed 
so  as  to  bring  the  average  to  the  mean  range. 

PROBABLE  OPERATIONS  FOR  THE  COMING  FISCAL  YEAR. 

The  operations  proposed  being  dependent  on  the  amounts  to  be  appropriated  by 
Congress,  are  mentioned  below  in  the  order  of  their  importance. 

It  is  of  the  utmost  importance  for  the  security  and  preservation  of  the  work  already 
done  that  the  New  Inlet  Dam  should  be  finished  to  high-water  mark  a«  rai>idly  as  prac- 
ticable. This  requires  a  larger  amount  of  work  than liad  been  anticipated,  for  reasons 
before  stat^Ml. 

The  price  of  stone  riprap  has,  by  competition  and  skiU  in  working,  been  largely  re- 
duced since  the  former  estimates.  It  can  be  obtained  in  o{>en  market  at  the  estimated 
price. 

It  is  of  equal  importance  that  the  old  works  connecting  Zeke's  and  Smith's  Islands 
should  l>e  thoroughly  rej^airetl. 

The  importance  oif  assisting  the  concentration  of  natural  forces,  which  are  being  so 
largely  increased  by  the  closure  of  the  New  Inlet,  and  consequent  increase  of  the  vol- 
ume and  force  of  the  tidal  currents  at  the  mouth  of  the  river,  renuires  and  justifies  all 
reasonable  expenditure  therefor.  It  is  recommended  that  this  should  be  done  by  the 
use  of  a  suction-dredge  to  complete  the  Bald  Head  Channel  across  the  bar.  This  method 
of  dredging  is  peculiarly  well  adajited  to  the  work  and  to  the  material  on  this  bar.  It 
\»  believed  that  the  dredge  Woodbury  can  be  thoroughly  repaired,  with  a  large  new 
l>oiler  and  in  hull,  house,  machinery,  &c.,  so  as  to  make  her  powerful  and  effective  for 
the  work,  for  $14,000. 

The  completion  of  the  new  cut  above  Snow's  Marsh,  before  described,  is  recommended. 
So  also  the  widening  of  the  dredged  channel  near  CampbelVs  Island.  The  dredging 
in  both  these  places  is  more  expensive  than  ordinary  excavation,  as  there  is  some  com- 
pact sand  at  the  proposed  channel  above  Snow's  Marsh,  and  some  stumps  and  logs 
may  l>e  expected  at  the  channel  near  Campbell's  Island. 

The  following  estimates  are  presented  for  the  coming  fiscal  year.  It  is  hoped  that 
the  full  amount  may  be  granted.  The  growing  importance  of  Wilmington,  the  com- 
mercial metropolis  of  the  State,  demands  persistence  in  the  improvement  of  the  river 
and  entrance. 

74,000  cubic  yards  for  New  Inlet  Dam,  at  $1.65f fl23,  333  33 

6,000  cubic  yards  la^'ge  stone,  for  top  on  sea-face  of  dam,  at  $4 24, 000  00 

Repairs  of  old  works  at  Zeke's  and  Smith's  Islands 10,  000  00 

Repairs  of  suction-dredge  Woodbury 14,000  00- 

O Iteration  of  suet ion-drtHlge,  8  months % 8,000  00 

80,000  cubic  yards  dredging  at  Snow's  Marsh  Channel,  at  25  cents 20, 000  00 

60,000  cubic  yards  dredging  at  Campbell's  Island  Channel,  at  30  cents  ...  18,  000  00 

Superintendence  and  surveys 15,000  00 

Contingencies  (about  10  percent.) 23,666  67 

Total 256,000  00 

Respectfully  submitted. 

Henry  Bacon, 
Aamtant  Engineer, 
Capt.  C.  B.  Phillips, 

Corps  of  EngineerSj  United  States  Army, 

31  E 
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special  report  on  improvement  of  the  mouth  of  cape  fear 

river,  north  carolina. 

United  States  Engineer  Office, 

Baltimore,  March  27,  1878. 

General  :  I  have  the  honor  to  acknowledge  the  receipt  of  your  com- 
munication of  the  26th  instant  (addressed  to  Major  Craighill),  trans- 
mitting?, for  information  and  for  report  thereon,  a  copy  of  a  resoUition 
of  the  United  States  Senate,  dated  22d  instant,  calling  uiK)n  the  Secre- 
tary of  War  for — 

Atiy  information  he  may  have  in  his  department  in  relation  to  the  improvement  of 
the  Cape  Fear  Harbor  in  North  Carolina  since  the  last  report  upon  that  improvement. 

As  Major  Craighill's  successor  (temporarily),  it  devolves  upon  me  to 
report  as  follows : 

At  the  date  of  the  last  annual  report  of  the  Chief  of  Engineers,  opera- 
tions were  being  principally  confined  to  filling  in  with  stone  upon  the 
structure  for  closing  the  space  between  Federad  Point  and  Zeke's  Island, 
and  known  as  the  "New  Inlet." 

About  20,000  cubic  yards  of  stone  had  then  been  delivered  ui>on  the 
work  under  the  then  existing  contract.  The  contract  time  for  this  de- 
livery expired  on  the  3l8t  of  December,  1877.  The  contractors  at  that 
time  had,  by  pushing  their  work  vigorously,  delivered  very  nearly  50,000 
cubic  yards  of  stone  in  all,  which  amount  wa«  somewhat  more  than  was 
required  of  them. 

At  this  time  (December  31  last)  a  balance  of  about  $20,000  remained 
on  hand,  available  for  the  continued  delivery  of  stone. 

Previous  to  this  time  it  had  l>ecome  manifest  that  it  was  particularly 
desirable  that  there  should  be  no  suspension  in  the  delivery  of  stone,  as 
will  be  explained  hereafter  in  this  report,  and  bids  were  in\ited  for  con- 
tinuing the  work  to  the  extent  of  availa^ble  funds. 

These  bids  were  opened  November  15, 1877,  and  a  contract  was  exe- 
cuted for  the  delivery  of  12,000  yards  of  stone  for  the  siun  specified 
above,  or  at  the  rate  of  $1.66§  per  yard. 

Work  under  this  contract  was  commenced  early  in  January  last,  and 
at  the  present  date  nearly  10,000  yards  have  already  been  delivered. 
It  is  expected  that  the  contract  will  be  entirely  fulfilled  on  the  10th 
proximo,  when  all  further  work  for  the  closure  of  the  New  Inlet  must 
necessarily  be  suspended  for  want  of  fimds. 

In  the  last  annual  report  it  is  stated : 

The  closing  work  is  as  high  as  low-water  for  about  two-fifths  of  its  length,  •  •  * 
but  the  fuU  width  has  not  yet  been  given  it. 

The  40,000  cubic  yards  of  stone  which  have  since  been  put  on  the 
work  have  brought  the  structure  up  to  low- water  mark  over  nearly  its 
entire  length,  but  it  must  still  be  said  the  "fiill  width  has  not  yet  been 
given  it.'' 

The  structure  at  low-water  mark  is  not  over  about  six  feet  in  width, 
with  ridges  at  points  projecting  above  this  level.  The  filling  which  had 
been  done  just  before  the  date  of  the  last  annual  report,  and  which  con- 
stituted the  two-fifths  of  the  length  referred  to  in  the  i^eport,  was  mostly 
in  deep  water,  varying  from  10  to  18  feet  in  depth.  The  filling  in  this 
deep  water  was  standing  well ;  but  very  little,  if  any,  settling  ha>iiig 
been  observed,  which  was  very  encouraging  at  the  time  (1st  of  July 
last) ;  and  it  may  be  remarked  here  that  this  deep  filling  has  continued 
to  stand  with  but  little  settling. 
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But  when  the  shoaler  water  was  reached,  particularly  on  the  second 
section  of  the  work  (1,588  feet  in  lenfi^th),  a  very  serious  settlmg  was  al- 
most immediately  detected  as  the  filling  advanced.  It  has  been  quite 
fully  explained  in  previous  reports  that  the  lirst  step  for  the  closure  of 
the  inlet  consisted  in  initting^  an  apron,  composed  of  mattresses  of  round 
timber  and  brush,  loaded  i^ith  stone,  entirely  across  the  space  in  ques- 
tion. This  apron  varied  in  width  from  45  to  70  feet,  according  to  the 
depth  of  water  at  any  particular  point.  The  width  or  the  apron  on  the 
second  section  of  the  work  was  uniformly  45  feet,  and  its  line  of  direc- 
tion was  on  what  was  known  as  the  "  six-feet  shoal." 

As  the  filling  has  continued  over  the  entire  work  generally,  but  more 
noticeably  over  the  shoaler  portions,  of  which  the  second  section  is  an 
example,  the  water  has  cut  out  a  deep  trench  on  eaeh  side  of  the  work, 
and  tliis  seems  to  have  been  caused  more  by  the  pouring  of  the  water 
over  the  structure  than  by  any  current  along  the  sides.  As  a  result  of 
this,  the  entire  work  is  left  resting  upon  a  ridge,  and  at  the  shoaler 
places  the  work  has  gradually  settled  as  the  water  has  found  its  way 
between  the  timbers  forming  the  base  of  the  stnicture. 

The  limit  of  scour  seems  to  have  been  attained  at  the  present  time, 
and  the  depth  to  which  it  has  reached  is  about  18  or  20  feet  below  ordi- 
nary- low-water.  This  depth,  however,  is  found  only  at  quite  a  distance 
from  the  mattresses,  and  no  settling  has  been  observed  at  points  where 
the  mattresses  were  placed  at  a  depth  of  14  feet  or  more  below  ordinary 
low- water.  As  the  entire  base  of  the  structure  is,  at  the  shoalest  point, 
about  12  feet  below  low- water  at  the  present  time,  there  is  reason  to 
suppose  that  the  settling  has  nearly  ceased,  especially  if  the  theory  l)e 
correct  that  the  limit  of  scour,  due  to  the  overfall  of  water,  has  been 
attained.  It  will  be  seen  at  a  glance  from  the  above  that  this  settling 
(unexiK^cted  in  extent)  has  caused  the  original  estimates  for  the  quantity 
of  stone  required  to  complete  the  work  to  fall  below  the  amount  abso- 
lutely required.  On  the  comjiletion  of  the  apron,  it  was  estimated  that 
85,(KK)  cubic  yards  of  stone  would  be  required  to  bring  the  closing  work 
to  high-water  mark.  This  was  in  June,  187G.  Since  that  date  about 
62,000  yar(Ls  have  been  put  in,  leaving  a  balance  of  23,000  yards  yet  due 
to  fill  tlie  estimate.  It  is  now  estimated  that  nearly  80,000  cubic  yards 
of  stone  will  yet  be  required  to  complete  the  work  to  high- water. 

It  is  no  more  than  just  and  proper  to  atld,  however,  that  this  discrep- 
ancy would  not  have  been  so  large  had  it  been  possible  to  have  prose- 
cuted the  work  contiimously. 

I  quote  from  a  report  made  on  the  11th  of  the  present  month,  by  Mr. 
Henry  Bacon,  the  assistant  in  immediate  charge  of  this  work.    He  says: 

Aa  the  work  of  stone-fiUing  at  the  New  Inlet  dam  has  proceeded,  the  scomine  on 
each  Hide  and  adjacent  to  it  has  increased,  and  aU  those  portions  of  the  work  which 
were  phiced  in  shoal  water,  embracing  nearly  all  the  second  section  (1,588  feet  in  length) 
and  portions  of  the  first  and  third  sections,  have  been  gradually  settled  by  the  water 
finding  its  way  between  and  under  the  logs  of  the  mattresses,  so  that  the  base  of  the 
work  IS  nearly  everywhere  at  least  12  feet  below  mean  low-water. 

This  subsidence  and  scouring  are  undoubtedly  favorable  for  security  and  perma- 
nence, but  necessarily  involve  a  larger  expenditure  of  riprap  than  was  expecte<l.  Ex- 
perience has  shown  the  necessity  of  giving  a  liberal  top- width  to  the  dam  at  high- 
water,  and  of  large  stone  carefully  placed  on  the  top  and  sea-side  surface  of  the  dam. 

In  com]>leting  the  work  to  high-water  mark,  the  slopes  must  be  filled  with  stone  to 
the  limit  of  the  scouring  in  depth.  This  already  seems  to  have  reached  its  limit.  No 
increase  has  occurred  for  several  montlis. 

The  forces  to  be  contended  with  in  the  closure  of  the  New  Inlet  are  well  illustrated 
by  the  fact  that  in  the  present  imperfect  state  of  the  dam  the  water  on  the  river-side, 
toward  the  last  of  the  ebb-tide,  is  sometimes  2  feet  higher  than  on  the  sea-side. 

When  the  water  shall  be  completely  shut  off  by  the  dam,  the  difference  wiU  at  cer- 
tain times  probably  amount  to  3  feet. 
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In  the  light  of  jill  our  experience,  I  would  now  estimate  the  amount  of  stone  required 
to  complete  the  dam  to  high-water  mark  at  80,000  cubic  yards. 

The  good  effect  of  the  partial  closure  of  the  New  Inlet  is  already  apparent  at  the 
mouth  of  tlie  river  bj'  the  general  increase  of  depth  both  at  the  "Rip"  and  the  Bald- 
Head  Channels. 

No  words  are  needed  to  show  the  propriety  and  necessity  of  granting  the  compara- 
tively small  amounts  needed  for  the  completion  of  this  important  work. 

I  concur  with  Mr.  Bacon  in  all  that  I  have  quoted  above.  His  esti- 
mate of  amount  of  stone  required  to  complete  the  closing  work  to  high- 
water  mark  appears  high,  and  I  trust  that  it  may  prove  higher  than  nece-s- 
sary ;  but  he  is  dailj'  at  the  point  of  operations,  and  has  been  during 
the  past  two  years  and  more,  and  he  htis  learned  that  due  allowance 
should  be  made  for  the  treacherous  movements  of  the  tides  and  sand 
on  this  particidarly  exposed  shore. 

Three  important  steps  for  the  improvement  of  the  Lower  Cape  Fear 
Eiver,  at  and  below  New  Inlet,  have  constantly  been  kept  in  mind  by 
the  olficer  who  ha«  been  in  charge  of  the  work  for  the  past  seven  years 
(and  who  is  now  but  temporarily  relieved  from  the  charge  of  same),  vizj 
the  closing  of  New  Inlet,  the  deepening  of  water  on  the  bar  at  the  old 
mouth  of  the  river,  and  the  restoration  of  the  old  channel  behind  the 
*'  Horseshoe,"  opposite  the  inlet,  and  known  as  the  Snow's  Marsh  Chan- 
nel. 

Of  these  operations,  the  first  and  the  third  are  mainly  merely  sub- 
sidiary to  the  ac<;omplishment  of  the  improvement  of  the  bar. 

From  time  to  time,  work  to  a  limited  extent  has  been  attempted,  both 
at  the  bar  to  assist  nature  in  restoring  the  old  depth  of  water,  and  at 
the  "Horseshoe'' to  restore  the  old  location  of  the  channel.  The  re- 
stricted means  at  the  disposal  of  the  officer  in  charge  of  the  work  have 
caused  these  attempts  to  be  but  comparatively  feeble ;  but  the  results 
have  demonstrated  beyond  a  doubt  the  correctness  of  the  theory  which 
prompted  them.  For  the  pa«t  two  years  the  small  amoimt  of  funds  avail- 
able, and  the  particularly  exposed  position  of  the  New  Inlet,  have  im- 
peratively dictated  the  necessity  of  devoting  every  available  dollar  to 
the  work  at  the  inlet,  in  order  to  seciure  that  which  had  already  been 
attained  at  so  great  an  expense. 

While  I  am  called  upon  merely  to  give  infonnation  in  relation  to  the 
improvement  of  the  Cape  Fear  Eiver,  and  am  not  specially  inAited  to  ex- 
press any  "  opinion  "  on  the  subject,  I  will  venture  to  say  the  following, 
and  tnist  that  I  will  not  be  considered  presumptuous  in  so  doing: 

The  officer  in  charge  of  the  work,  in  his  annual  rejmrt  in  July  last, 
stated :  "Amount  that  can  be  profitably  exi)ended  in  fiscal  year  ending 
June  30, 1879,  $160,000." 

This  amount  at  that  time  was  considered  absolutely  necessary  to  make 
complete  the  work  at  the  inlet,  with  the  probability  that  a  sufficient  bal- 
ance would  remain  to  enable  some  stcpsto  be  taken  for  the  accomplish- 
ment of  the  subsidiarj^  operations  referred  to  above. 

Circumstances  which  have  arisen  since  the  date  of  said  report  have 
certainly  not  diminished  the  amount  which  can  be  used  to  advantage 
during  the  year  in  question. 

On  the  contrary,  the  unlooked-for  increase  in  the  amount  of  stone  re- 
quired at  the  closing  work  at  the  inlet  has  proportionally  increased  the 
amount  which  can  be  used  to  advantage ;  and  I  greatly  fear  that  the 
amount  in  question,  if  appropriated,  will  do  no  more  than  close  the  inlet, 
and  secure  properly  the  beach  in  its  vicinity,  while  the  minor  operations 
remain  neglected— operations  which  should  go  on  at  once,  in  order  to 
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secure  promptly  to  navigation  the  fiill  fruits  resulting  from  the  main 
operation,  viz,  the  closure  of  New  Inlet. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chaeles  B.  Phillips, 

Captain  of  Engineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  8.  A. 


F  8. 

United  States  Engineer  Office, 

Camp  No.  1,  Falls  Branchy  Netc  River^ 
Pulaski  County^  Virginia^  July  1,  1878. 

General  :  I  have  the  honor  to  submit  herewith  the  annual  report  of 
operations  for  fiscal  year  ending  June  30, 1878,  for  the  work  of  river  im- 
provement under  my  charge  temporarily. 

Very  respectfully,  your  obedient  servant, 

Jas.  W.  Cutler, 
Captain  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


IMPROVEMENT  OF  NEW  RIVER  FROM  LEAD  MINES  IN  WYTHE  COUNTY, 
VIRGINL^,  TO  THE  MOUTH  OF  GREENBRIER  RIVER,  WEST  VIRGINIA. 

Having  been  assigned  by  my  predecessor  in  charge  of  the  work,  Maj. 
W.  P.  Craighill,  Corps  of  Engineers,  to  its  local  charge,  June  28,  1877,  I 
took  station  at  Kew  Eiver  Depot,  Pulaski  County,  July  6,  after  having 
first  visited  Wytheville,  in  order  to  obtain  some  necessary  information 
and  make  certain  needed  arrangements,  proceeding  thereupon  to  in- 
augurate the  work. 

The  project  of  Major  Craighill,  which  was  to  form  a  clear  channel, 
30  feet  wide  by  2  feet  deep,  below  minimum  low- water,  through  the  rock  in 
place,  constituting  the  "falls"  and  "ripples"  in  the  river,  and  the  coarse 
gravel  constituting  the  "bars,"  such  channel  to  be  adapted  to  the  existing 
navigation,  t.  e.,  "  keel-boats  "  or  batteaux,  with  an  average  carrying  capac- 
ity of  8  tons,  on  a  draught  of  water  21  inches,  and  to  be  so  arranged  as  to 
be  capable  of  utilization,  in  the  more  general  and  permanent  project  con- 
templated, for  a  channel  90  feet  wide  by  3  feet  deep,  siutable  for  light- 
draught  steamers,  having  been  approved  by  the  Chief  of  Engineers, 
June  7, 1877, 1  made  a  reconnaissance  of  the  portion  of  the  river  extend- 
ing 20  miles  above  and  7  miles  below  the  determined-upon  initial 
I>oint  of  the  work,  i.  e.,  the  bridge  of  the  Atlantic,  Mississippi  and  Ohio 
Kailroad  spanning  New  Eiver,  l^t^'een  July  7  and  15, 1877,  with  a  view 
of  fixing  the  several  localities  for  work. 

The  engineering  as  well  as  local  considerations,  pointing  to  the  advis- 
ability of  carrying  the  work  forward  progressively  enturely  upstream, 
a  gravel  "flat"  16  feet  long  by  8  feet  beam  and  a  "stone-boat,"  with  4 
canoes,  were  built;  2  keel-boats  50  feet  long  by  7  feet  9  inches  beam,  were 
hired  for  quarters  and  transportation :  boats,  tools,  and  supplies  collected, 
and  a  working  force  organized  by  July  23,  when  work  was  begun  on 
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the  four  ripples  next  above  the  raihx)ad  bridge  and  distant  firom  it  fix)m 
200  to  GOO  yards. 

The  nature  of  the  work  involved,  for  the  removal  of  the  rock  in  place, 
blasting  underwater  as  the  method  of  working;  "juniper-drilLs"  were 
decideil  uiK)n,  as  from  the  overhanging  of  the  ledges  and  the  fact  that 
the  workmen  had  to  stand  in  quick  and  strong  water,  in  order  to 
drill,  suitable  "chum-drills"  would  have  proved  too  unwieldy  and  heavy*; 
holes  of  2  inches  diameter  were  tixed  on  as  best  suited  to  the  work,  and 
these  wei'e  drilled  on  an  average  3  feet  below  bed,  and  spaced  as  nearly 
equally  apart  as  the  lay  of  the  rock  would  i)ermit,  varying  from  2  feet  to 
8  feet 

In  view  of  the  facts  that  the  labor  of  the  country  composing  the 
force  was  entirely  ignorant  of  the  method  of  handling  djiiamite  or  '^  giant- 
powder,''  and  that  I  had  not  time  before  leiiving  Baltimore,  my  nearest 
point  of  suj^ply  for  such  explosives,  to  an-ange  for  procuiing  them,  I 
decided  upon  the  use  of  the  "Orange''  blasting-powder,  and  after  several 
experiments  with  tm  cartridge-cases  and  gutta-perclia  and  india-rubber 
patent  tubing  for  same,  finally  selected  the  "pitch-bag"  cartridge,  a 
cyUndrical  bag  of  close  ticking,  made  around  a  wooden  core,  and  im- 
mersed in  a  mixture  of  pitch  and  hiT  of  the  proi>er  consistency,  with  a 
piece  of  "  double- tixpe "  frise  inserted  in  the  mouth  and  choked,  wiiich 
selection  was  followed  by  the  best  results,  not  1  i)er  cent,  of  blasts  failing, 
as  due  to  the  cartridge,  during  the  two  and  one-half  month's  operations  of 
1877.    For  the  removal  of  the  giiivel-bars  the  pick  and  shovel  were  used. 

Ljing  as  the  work  did  in  a  country  sparsely  peopled  and  relatively 
inacxiessible,  it  became  a  necessity  to  feed  and  tent  the  entire  w  orking 
party.  Working  on  the  above  plan,  a  party  of  50  were  worked  diuing 
the  season  of  1877. 

After  finishing  the  four  ripples  al>ove  referred  to  to  width  and  nearly  the 
proper  depth,  and  building  training- walls  and  wing-dams  at  them  with 
the  rock  excavated,  a  fifth  rii)i)le — a  narrow  ledge  offering  no  serious  ob- 
struction— half-way  between  Kipple  4  and  "Jones"  (for  reference  to  locali- 
ties, vide  sursey-map  of  1872),  was  cut  tlirough:  a  gravel-shoal  80  feet  in 
length,  opposite  "Jones"  was  dug  through,  and  lacking  but  a  few  inches 
of  the  recpiisite  depth;  a  "gathering-dam,"  extending  110  feet  up  river, 
was  put  in,  raising  the  water  to  the  proi)er  level  without  blasting,  and 
the  main  work  of  the  season  reached  the  passage  of  Ingle's  Falls  3^  miles 
above  the  railroad  bridge. 

These  falls  consist  at  head  of  eight  distinct  ledges  of  hard  gniess  rock, 
runnmg  straight  across  the  river,  successively,  for  600  feet,  barring  back 
a  pool  exteniling  up  3 J  miles,  with  from  9  feet  to  3J  feet  water  in  it ; 
below  these  ledges  for  350  feet  extend  large  detached  bowlders,  through 
which  the  natural  sluice  winds  with  great  velocity  of  flow,  succeeded  by 
a  gravel-shoal  240  feet  in  width,  the  "falls"  being  terminated  by  another 
grayel-shoal  300  feet  wide  just  alK>ve  the  broken-dowm  piers  of  tlie  old 
Virginia  and  Temiessee  Turnpike  Bridge,  m  themselves,  as  they  stand, 
an  obstruction  to  descending  boats,  which  latter  require  the  removal  of 
certainly  the  westerly  pier  of  the  two;  the  stretch  of  river  embraced  in 
the  "  falls"  is  1,010  yards,  and  the  total  fall  in  this  distance  7.11  feet, 
the  width  of  low- water  bed  at  head  being  700  feet,  narrowing  suddenly 
at  the  lower  "grav^el"  to  530  feet.  Tliree-fourths  of  this  fall  of  7.11  feet 
occurs  in  the  upper  900  feet  through  rock:  and  the  gravel-shoals  below, 
as  well  as  the  generally  rough  and  irregular  nature  of  the  entire  bed  of 
the  lower  section,  are  undoubtedly  due  to  the  abnipt  change  of  slope  in 
the  bottom,  occasioning  all  the  particles  brought  dowm  tlirough  the  rock- 
falls  to  be  dropped  in  the  sinuosities  of  the  natural  sluice. 
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Through  the  entire  course  of  these  obstnictions,  a  chaiiiiel-way  of  the 
pre^crib^  dimensions  wa«  fomiecl,  and  from  an  examination  ma<le  last 
month,  after  the  experience  of  the  ice  and  freshets  of  the  winter  and  spring 
ice,  there  are  no  decided  signs  of  the  fllUng  in  of  the  cut  througli  the 
"gravel.'' 

The  working  section,  at  Falls  Branch,  4J  miles  above  Ingle's  Falls,  was 
next  commenced  upon.  This  work,  l,>ing  on  the  convex  side  of  a  deep 
hoi-scshoe  bend,  consists  at  head  of  falls  of  five  rock  ledges  running 
a<?ross  the  river;  vertical  fall  3  feet  6  inches  succeeded  below  by  deep 
IHxA  of  still  water,  cut  diagonally  across  as  the  river  bends  by  longitudi- 
nal ledges,  the  lower  se(Jtion  consisting  of  rock  ledges,  straight  across, 
again  terminated  by  an  abnipt  fall  over  a  gravel-  bed ;  fall  in  this  low'er 
section  4  feet  to  siirface  of  pool  extending  up  from  ^'Ingle's";  ^\idth  of 
low-water  bed  900  feet  narrowing  to  670  feet  in  bend,  and  total  length  in 
riveT  of  the  obstructions  1  mile.  The  rock  here,  a  disintegrated  shite, 
blasting  but  very  ba<lly,  proved  so  troublesome,  that  but  little  progress 
was  made,  and  on  October  11,  high  water  and  cold  weather  setting  in, 
work  had  to  be  abandoned  for  the  season,  and  the  i)roi)erty  put  in  store 
at  the  railroad  bridge. 

The  work  of  the  season  had  be^n  of  a  character  before  untried,  and  to 
a  certain  extent  experimental,  but  what  had  been  done  having  proven 
that  the  project  adopted  was  ftdly  capable  of  meeting  the  object  held  in 
view  by  it,  with  the  exception  of  following  invariably  the  natural  sluices 
and  channels,  if  the  present  work  was  to  be  utilized  in  the  more  general 
l)roje€t  proposed,  the  winter  was  devoted  to  preparing  a  complete  outfit 
suitable  in  character  for  ojyeratiug  on  a  larger  scale.  The  lack  of  "  plant," 
transywrtation,  tents,  &c.,  had  closely  restricted  the  oi)erations  of  1877  by 
itself,  even  had  there  been  no  other  reason  to  conduct  the  work  tenta- 
tively, and  a  party  of  50  was  the  maximum  for  advantageous  working 
in  the  season  of  1877.  Plans  were  made  for  a  spe<iial  class  of  boats  adapted 
to  the  work  in  hand,  on  which  six  boats  were  built,  including  a  '^  crane- 
boat,"  with  light  machinery;  and  all  preparations  being  complete  by 
June  1,  on  June  14  the  work  of  the  season  was  begun,  the  delay  being 
due  to  the  unusual  high  stage  of  water  in  the  river  and  constant  violent 
rains.  The  completion  of  the  "Falls  Branch"  section,  the  terminus  of 
last  fall,  was  taken  in  hand  and  is  at  date  completed. 

After  the  close  of  work  on  October  11,  1877,  a  small  field-party  made 
the  necessary  surveys  for  enlarged  maps  of  localities  worked  at,  which 
should  show  details  and  changes  which  the  suney  of  1872  did  not  ex- 
hibit. 

On  October  22, 1  made  a  series  of  gaugings  of  the  river  extending  to 
October  30,  the  point  selected  being  at  and  below  Ingle's  Falls,  this  point 
being  chosen  not  so  much  with  an  eye  to  the  regidarity  of  river  section, 
but  because  it  was  the  most  serious  obstacle  to  navigation,  on  the  line  of 
the  season,  and  was  a  characteristic  t\i)e  of  that  class  of  obstructions — the 
worst  in  the  river — it  was  desired  to  ascertain,  with  as  near  a  degre^^ 
of  approximation  as  the  nature  of  the  case  would  permit  of,  the  amount 
of  obstruction  to  steam  na\igation  of  the  river. 

The  observations  were  made  ^ith  tin  ellipses,  submerged  to  various 
depths,  and  wooden  floats;  and  while  numerous  observ^ations  were  made 
with  all  the  care  practicable,  the  nature  of  the  stream  itself  and  the  par- 
ticular locality  rendered  solutions  within  exact  limits  impossible.  From 
the  measurement  and  the  formulas  used,  good  ai)proximate  results  were* 
obtained,  showing  the  mean  velocity  of  the  river  at  this  point  to  l)e 
about  5J  miles,  and  the  discharge  equal  to  about  900  cubic  teet  per  sec- 
ond, with  a  gauge-reading  of  7.75  inches.    For  a  more  complete  solution 
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a  series  of  gau^ugs  sliould  be  continued  at  various  stages  of  the  river, 
and  a  connection  made  with  the  more  permanent  gauge-boards  estab- 
lish(»d  in  the  lower  New  River,  a  mean  distance  of  100  miles  below  the 
site  of  this  work,  and  referred  to  the  Charleston  (Kanawha)  plane. 

The  above-given  figures  fiunish  all  requisite  infonnation  for  immediate 
prai^tical  piu*i)oses;  tor  more  exa<*t  results,  observations  extending  over 
some  time  and  nicely  conducted  are  require<l,  so  great  and  so  sudden  are 
the  variations  in  the  stages  of  this  river,  and  so  many  anomalous  features 
doe.s  its  iq)per  course  of  128  miles  present. 

The  rocks  passed  thiough  in  excavating,  consist  mainly  of  the  common 
limestones,  often  holding  fine  crystals  of  dog-tooth  spar  and  slates. 

At  Ingle's  Falls  the  rock  was  almost  entirely  a  hard,  tough  gneiss. 
The  limestones  are  often  found  partially  disintegrated,  and  more  often 
the  slates,  the  latter,  when  lying  in  nearly  horizontal  beds,  proving  a 
very  troublesome  and  costly  bed  to  excavate,  a«  involving  quanying 
after  bla^sting,  or  blowing  out  in  small  fi*agments;  the  gravel  in  the  river 
is  large  and  may  better  be  termed  a  '^  shingle."  As  a  nile,  the  exc^avations 
have  tumished  about  the  necessary  material  for  the  dams,  training- walls, 
&c.,  in  which  no  brush  has  as  yet  been  worked,  the  inner  constructions 
of  this  material,  with  stone  by  i)rivate  parties,  for  special,  local  objects, 
and  by  the  government  of  the  States  lately  in  reoellion,  not  having  proved 
stable  or  satisfactory. 

It  is  proposed  in  the  further  progress  of  the  work,  to  use  more  exten- 
sively the  gathering-dams  and  training-walls,  as  a  means  of  securing 
the  necessary  de])ths,  with  a  diminished  amount  of  blasting;  also  to  use, 
in  certain  cases,  ^^giant-powder''  as  an  explosive,  and  introduce  the  use  of 
the  chiu'u-drill. 

As  a  general  description  of  this  uj)per  New  River,  it  may  be  said  to 
consist  of  a  series  of  jiools  from  100  feet  to  4  miles  in  length,  with  from 
3  feet  to  10  feet  depth  in  them,  some  few  i>oints,  "holes,"  showing  20,  30, 
and  more  feet.  These  pools  are  separated  by  ledges  straight  across  or 
diagonal  to  the  river,  in  groups  of  from  5  to  10.  The  total  fall  between 
pools  rarely  exceeds  7  feet,  moi-e  often  3  feet  or  4  feet,  the  actual  vertical 
fall,  not  trequent,  at  a  single  ledge  scarce  ever  being  more  than  18  inches; 
in  fact,  the  so-called  "falls"  shoidd  be  more  appropriately  termed 
"rapids." 

Tliere  ai*e  some  stretches  of  nver  showing  long  shoals,  not  bars,  of  the 
coarse  gravel,  but  the  i)ools  and  rock  ledges  predominate,  pockets  of 
gravel  being  generally  found  in  and  at  foot  of  the  "rapids."  With  such  a 
regimen  any  improvement  made  as  to  deepening  and  widening  the  chan- 
nel introduces  the  new  obstacle  of  largely-increased  velocity  and  vol- 
ume ;  so  that  though  the  main  and  more  important  navigation  of  this 
river  must  ever  be  that  of  descendhig  boats,  yet  no  scheme  of  impix)ve- 
ment  can  fully  meet  the  i^quirements  of  the  case  without  considering 
and  aiming  to  counteract  this  induced  obstacle  to  navigation. 

Ai)i)ended  will  be  found  tabular  statements  exhibiting  figures  of  work, 
localities  of  same,  and  gauge-readings  for  the  season  of  active  opera- 
tions of  1877-'78. 

From  the  first  table  it  will  be  seen  that  the  work  has  been  done  at 
figures  considerably  below  the  estimates  of  the  report  of  1873,  the  gen- 
eral lowering  of  prices  for  labor  and  supplies  of  coiuse  largely  aftecting 
this,  as  also  the  favorable  season  for  work  shown  by  the  gauge-tables. 

With  a  gauge-reading  of  +  12  inches,  which  is  the  usual  river's  stage 
from  November  1  to  May  15,  operations  of  the  kind  being  carried  on  are 
imi)racticable. 

As  to  the  amount  of  work  to  be  done  for  either  the  30  feet  or  90  feet 
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width  of  cbannt^-way,  the  experience  of  the  year  leads  me  to  conchide 
that  the  estimates,  as  set  forth  in  the  report  of  1873,  are  below  consid- 
erably the  actual  amounts  required. 

Sketches  of  the  more  important  working  sections,  Ingle's  Falls  and 
Falls  Branch,  are  appended. 

DETAILS   OF  WORK  DONE   1877-1878. 

Rock  excavated  aud  moved cubic  yards..  724 

Gravel  excavated  aii<l  moved cubic  vards . .  775 

Number  of  holes  drilled  1,  044 

Number  of  feet  of  holcH  diiUed feet . .  3, 027 

Average  depth  of  holew feet..  2.9 

Average  depth  of  hole  (2  inches)  drilled  per  day  per  driU feet . .  9. 75 

Number  of  bhists  fired ". 984 

Number  of  bla-sts  missed   60 

Number  of  eait ridges  made 1, 076 

Average  charge  of  i>o wder  in  each  c.irtridge pounds . .  f 

Average  loosening  of  rock  per  bla8t yanls . .  f 

Average  cost  of  pitch-bag  cartridge  completed $0  19. 5 

Average  cost  of  rock  excavation,  including  blasting,  scowing  away  (h'briSf 

and  building  same  into  training-walls,  <fcc per  yard . .  ^50 

Average  cost  of  gravel  for  do    per  yard . .  ^0  70 

STATEMENT    SHOWING    LOCALITIES  OF  WORK    DONE    1877-78  AS    PER  SURVEY-MAP  OF 

1H72. 

Width  across 
of  ledge. 

1.  200  to  600  yjwds  above  railroad  bridge? — 

Kipple  No.  1 ,'0  feet. 

Kipple  No.  2. 110  feet. 

Kipi»le  No.  A 20  feet. 

Kipple  No.  4 20  feet. 

2.  Rii4>lc  No.  5  betwreu  Kipple  No.  4  and  "Jones" 20  feet. 

3.  Gravel  shoal  opposite  ''Jones " HO  feet. 

Total  h'liEtli  of  falls 
and  i-apid.s  in  liver. 

4.  Ingle's  Falls ^  mile. 

5.  Fails  Branch 1  mile. 

Money  statement 

July  1,  1877,  amount  available ^14,921  75 

Amount  appropriat<'d  by  act  approved  June  18,  1878 15,000  00 

^29,921  75 

July  1,  1878,  amount  expended  during  fiscal  year t>,  492  26 

July  1,  1878,  amount  available .>:<.  429  49 

Amount  (estimated)  refpilred  for  completion  of  existing  project 70,  OdO  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       :i'/,  000  00 
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AKI^UAL  EEPOET  OF  ME.  S.  T.  ABEET,  UNITED  STATES 
CIYIL  ENGINEEE,  FOE  THE  FISCAL  YEAE  ENDING  JUNE 
30,  1878. 

United  States  Engineer  Office, 

Wmhington^  D.  C,  August  8, 1878. 

General  :  I  have  the  honor  to  submit  herewith  my  annual  report 
relating  to  the  works  of  river  and  harbor  improvement  under  my  charge 
for  the  fiscal  year  ending  June  30,  1878. 

Veiy  respectfully,  3^our  obedient  servant, 

S.  T.  Abert, 
United  States  Civil  Engineer, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 


G  I. 

improvement  of  harbors  at  WASHINGTON  AND  GEORGETOWN,  DIS- 
TRICT OF  COLUMBIA. 

At  the  commencement  of  the  fiscal  year  the  appropriation  of  850,000, 
(made  March  3,  1873),  for  the  improvement  of  the  harbors  of  Washington 
and  Georgetown,  had  been  expended  in  dredging  channels  above  and 
below  the  Long  Bridge,  and  in  removing  dangerous  rocks  in  Georgetown 
Harbor,  lea^ing  a  small  balance  of  $2,800,  which  was  insnfficient  for  any 
work  Avhich  could  materially  benefit  the  na^igation  of  the  river;  the  work, 
therefore,  has  remained  practically  suspend^  during  the  year.  The  new 
channel  had,  however,  under  the  action  of  the  annual  freshets,  been  un- 
dergoing gradual  deterioration.  This  has  beeii  anticii)ated  in  former 
annual  reports  on  this  work,  in  which  it  was  stated  that  the  bar  would 
probably  re-form  every  three  or  four  years,  unless  the  flats  were  inclosed 
and  the  river- width  conti*acted.  The  river  at  this  point  increases  from 
900  to  5,000  feet  in  width ;  the  freshet- water  loaded  with  sediment,  leav- 
ing the  confined  channel  above  Georgetown,  suddenly  expands  over  the 
wide  area  below.  The  resulting  decrease  in  the  velocity  of  the  stix^am, 
which  is  still  fiirther  checked  by  the  fl(X)d-tidal  current,  causes  a  deposit 
of  the  material  held  in  suspension.  This  action  had,  however,  teen  com- 
l>aratively  giadual  until  the  freshet  of  November  25,  1877,  which  contin- 
ued for  three  days,  and  which  exceeded  any  prcAious  freshets  of  which  we 
have  any  record.  Much  damage  was  caused  to  the  shipping  and  whaif 
I)roperty  in  Georgetown,  and  the  causeway  between  Analostan  Island 
and  the  Virginia  shore  was  partly  can*ied  away.  Tlie  heights  of  the 
fi'eshets  at  dittereut  points  were  as  follows : 

Feet. 

New  outlet-lock,  Chesapeake  and  Ohio  Canal 19.8 

Aciuetluct  Bridge,  Georgetown 16.5 

Wharf  of  Philadelphia  steamer,  Georgetown 13.6 

Foot  of  F  street,  N.  W.,  Washington  City 13.0 

Foot  of  Seventeenth  street,  Wasliington  City 10.2 

Long  Bridge,  Virginia  draw 9.0 

Aisenal  Point 'iiA 
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Those  heights  were  determined  hy  marks  fixed  by  obseners.  When  the 
freshet  had  subsided,  the  depth  of  water  on  the  bar  was  found  to  have 
been  fjreatly  reduced.  Tlie  least  low-water  depth  over  the  bar  was  about 
9  feet,  where  15  feet  depth  had  existed  in  1875.  When  coal  shii)nients 
were  al)out  to  l>e  resumed  in  the  sjiring^  of  the  present  year,  steps  were 
taken  by  the  merchants  and  the  coal  conii)anies  of  Georgetown  to  dnnlge 
a  temi)oraiy  channel  through  the  bar,  to  meet  the  moiv  pressing  wants 
of  navigation,  until  relief  should  he  attbnle<l  by  Congress.  Subscriptions 
were  niadi*  by  parties  interested,  and  several  cuts  were  dredged  in  the 
shoalest  i>art  of  the  bar.  Application  wa^s  made  by  the  citizens  execut- 
ing this  work,  for  the  exi)enditiu*e  of  a  part  of  the  available  balance  in 
widening  this  channel,  and  authority  for  the  same  was  granted  by  the 
Chief  of  Engineers.  Proixxsals  for  the  work  were  invite<l,  and  the  follow- 
ing bids  were  received  and  opened  April  24 : 


Xo. 

Name. 

AiUliv.Hs. 

Price  |»er 
cubic  yard. 

Time  of  com-     Tim<'ofconi- 
meucemeut.    i        pletion. 

! 

1  G.  H.  F.rriH '  Baltimore.  Md 

2  '  H.  P.  ( JillKTt -    Georgetown,  D.  C  . . . 

.28 
.20 

May  10.   1K78       .Tune  30.  1878 
At  once  j     June    1,  1878 

The  CM)iitract  was  awarded  to  ^Ir.  II.  P.  Gilbert,  of  Georgetown,  who 
commenced  dredging  May  7  and  completed  the  work  authorized  May 
21,  1878,  removing  5,500  yards. 

Diuing  part  of  April  and  May,  1878,  a  surAcy  was  made  of  the  iKirt 
of  the  river  between  Easby's  Point  and  the  Arsenal,  to  ascei-taiii  the 
changes  (Miused  by  the  freshets ;  all  the  data  then  obtained  will  be  found 
in  the  maps  accompanying  this  rei)ort. 

AUTHORIZED  OPERATIONS  FOR  THE  RELIEP  OP  NAVIGATION. 

Tlie  following  appropriations  were  made  in  the  river  and  harbor  act, 
approved  June  18,  1878,  for  the  continuation  of  this  impi*ovement  : 

For  improving  the  harbors  and  channels  at  Washiugt^m  and  Gi'orgctown,  District 
of  Cohinibia,  fifty  thousand  dolhii-s,  of  which  sum  twenty  thousiind  dolhirs  is  to  be 
expended  in  Washington  Harbor  and  Channel  below  the  Long  Bridge,  and  thirty  thou- 
sand dollars  to  be  expended  in  Georgetown  Harbor  and  Channel. 

In  accx>rdance  with  these  provisions,  specifications  have  been  prepared 
for  a  channel  200  feet  wide  and  1(5  feet  deep  at  low-watei,  thmugli  the  bar 
below  P^asby's ;  and  also  for  dredging  a  channel  200  feet  wide  and  12  feet 
deep  at  low- water,  along  the  Washington  wharveHS.  The  work  has  been 
advertised  for  ])roposals,  and  will  be  commenced  at  an  early  date. 


THE  PERMANENT  IMPROVEMENT  OF  THE  RIVER. 

In  order  that  the  channel  to  be  dredged  may  be  rendered  permanent, 
it  is  important  that  a  general  plan  of  im]irovement  should  be  adoi)ted, 
and  that  its  continuation  should  be  provided  for  by  annual  ai)proi)ria- 
tions  sufficiently  large  to  insure  substantial  progiess  in  the  work. 

Three  plans  were  discussed  by  the  Board  of  Survey'  appointed  by  act 
of  Congress,  for  the  permanent  improvement  of  the  harbors  of  Wash- 
ington and  GeorgetowTi : 

Fiist.  That  of  a  single  channel  following  the  Washington  shore  be- 
tween Easby's  Point  and  the  Arsenal. 

Second.  A  channel  following  the  so-called  Virginia  Channel. 

Thii'd.  The  retention  of  both  these  channels — the  Washington  Channel 
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to  be  employed  as  the  main  chainiel  for  navigation;  the  Yirg^inia  Channel 
to  be  used  as  an  outlet  for  the  flood-water — and  the  area  between  them 
to  be  i-eelaimed  and  raised  above  the  highest  flooil. 

The  second  of  the  above-mentioned  plans  can  be  exeented  at  less  cost 
than  either  of  the  others ;  it  aftbrds  easier  cnrves  for  the  discharge  of 
the  water  and  will  re<piire  a  less  exjienditure  for  the  preservation  of  its 
depth.  This  i)lan  was,  therefore,  recommended  by  the  Hoard  of  Survey 
and  has  l>een  described  in  previous  annual  reports ;  the  work  alreiwly 
executed  for  the  relief  of  navigation  has  been  in  accordance  with  this 
plan  as  requirjed  by  the  act  makiufic  api)roj>riations  therefor. 

In  my  reports  for  the  years  1875  and  1870,  it  was  proposed  to  secure 
the  radical  improvement  of  the  river,  by  the  successive  execution  of 
parts  of  the  general  plan  of  the  Board  of  Survey,  each  part  being  selected 
with  reference  to  its  relative  imi)ortance  and  its  relation  to  the  sncceed- 
ing  parts,  so  that  each  division  of  the  work  would  be  in  itself  a  decided 
iinj^rovement  of  the  navigation,  and  wimld,  at  the  same  time,  facilitate 
the  economical  completion  of  the  entire  plan.  The  initial  work,  accord- 
ing to  this  proi)osition,  would  have  been  confined  to  a  rectification  of  the 
ciu'vatiux^  between  the  aipieduct  and  Easby's  Point,  to  be  effected  by 
the  cutting  off  of  the  northern  and  eastern  sides  of  Analostan  Island, 
and  ah*o  of  the  eastern  fiont  of  the  river  between  G  sti*eet  and  Easby's. 

Tlie  estimates  for  this  work  will  be  found  in  the  Report  of  the  Chief  of 
Engineers  for  1875,  Part  II,  page  111),  and  in  the  Report  for  1876,  Part 
I,  page  346. 

Ui)on  examination  it  was  found  that  a  huge  amount  of  rock  would 
have  to  be  excavated,  and  the  cost  of  land  damage  would  also  have  to 
enter  the  estimate  an<l  would  increiise  the  original  estimate  of  the  Board. 
These  recommendations  did  not  receive  the  sanction  of  Congi'e«s.  I 
woidd,  therefore,  submit  the  following  plan : 

Instead  of  the  execution  of  the  proi)ose4l  plan  of  the  Board  in  suc<h\s- 
sive  divisions,  I  would  now  propose  to  limit  the  work  to  the  essential 
features  of  this  plan  by  confining  the  operations  to  the  dredging  of  a 
channel,  following  the  course  of  the  Virginia  Channel,  between  Easby's 
and  the  Arsenal,  and  reclaiming  the  entire  area  between  the  city  front 
and  the  river  channel,  leaving  the  question  whether  this  area  should 
be  parked  or  laid  out  in  city  lots  for  future  consideration. 

The  compensation  for  injury  to  rii)arian  right^s  can  be  made  according 
to  the  i)lan  snggested  further  on. 

The  iuiportance  of  a  radical  improvement  of  the  river  to  the  health 
and  pros])erity  of  the  city,  cannot  be  disputed,  and  its  early  completion 
will  afford  the  only  satisfactory  solution  to  questions  relating,  first,  to 
the  sanitary  condition  of  the  city ;  second,  to  the  relations  of  labor  to 
cai)ital ;  and,  tliiid,  the  much  needed  improvement  to  trade  and  navi- 
gation. 

1st. — Sanitary  conditions. 

The  flats  above  and  l)elow  the  Long  Bridge  have  been  gi'adually  shoal- 
ing for  many  years  by  reason  of  the  deposit  of  sediment  from  freshets; 
an  area  of  more  than  «K)0  acres  is  now  left  bare  at  every  low  tide,  and  the 
depth  on  the  remainder  of  the  flats  is,  at  this  stage,  from  1  to  3  feet,  in- 
creasing toward  the  river  channel. 

The  shoaler  portions  are  thickly  giown  with  aquatic  gi*asses,  which 
undoubtedly  increase  the  deposition  of  silt.  There  can  be  no  question 
but  that  the  flats,  alternately  exposed  and  covered  by  the  tides,  seriously 
affect  the  health  of  the  city;  and  sanitary  as  well  as  cimimercial  consid- 
erations abke  demand  the  early  abatement  of  this  nuisance. 
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2d. — The  labor  question. 

The  increasing  population  of  artisans  and  laborers  requires  an  increase 
of  the  employments  which  are  independent  of  the  annual  appropriations 
of  Con;;:iess,  and  this  desirable  end  can  he  best  attained  by  the  improve- 
ment of  the  facilities  of  tra^le  and  na\ip;ation  which  will  open  a  larger 
Held  of  employment  for  laborers  and  artisans. 

3d. — Trade  and  commerce. 

• 

The  commerce  of  the  i>ort  of  Georgetown  reqmres  a  ^^'ide  and  deep 
channel.  The  largest  shipments  are  those  of  Cumberland  coal  brought 
down  by  the  Chesajx^ake  and  Ohio  Canal,  whicli  is  sent  to  northern  and 
eastern  cities  in  sailing-vessels.  A  deej)  channel  i»ermits  the  use  of  large 
vessels  and  materially  reduces  the  cost  of  transportation.  The  statistics 
api)ended  to  this  report  show  fully  the  amount  and  character  of  the  tinde 
of  this  port. 

The  Boaixl  proposed  to  obtain  these  ends  by  the  adoi)tion  of  the  second 
of  the  above-mentioned  plans,  and  it  is  to  the  mcxlification  of  this  i)lau, 
b}'  which  its  most  iuiportant  object  can  be  economically  seciu^ed,  that  I 
now  respectfiUly  call  your  attention. 

THE  FILLING  OF  THE  FLATS. 

The  material  which  it  is  necessary  to  dredge  from  the  river  in  order  to 
secure  a  permanent  channel  is  largely  sand,  whicli  is  suitable  for  tilling 
the  flatus,  and  can  be  deposited  on  them  at  a  lower  rate  per  cubic  yai-d 
than  material  trom  the  shore,  and  will  thus  sei^  e  a  double  pui'pose.  The 
height  of  the  filling  should  l>e  regulated  by  the  height  of  the  highest 
freshet.  The  average  heiglit  of  the  tiood  of  November  5,  1877,  betweeu 
F  street  and  the  Arsenal  was  10.4  feet  above  low-water.  A  gra^le,  tliere- 
fore,  of  1 1  feet  would  be  ample  if  a  sufficient  cross-section  is  maintainetl 
for  the  discharge  ot  the  river  at  high-water. 

SE^VERAGE   OF  RECLAIMED   GROL^T). 

As  the  filling  of  the  flats  progresses  the  disposition  of  the  present  city 
sewerage  will  require  attention.  This  subject  was  considered  by  the 
board  of  survev,  who  referred  to  it  as  follows : 

Tlic  sewerage  of  tliis  reclaimed  land  would,  in  general,  present  no  diflficiilt  problems. 
To  this  there  is  one  exception,  viz,  the  discharge  of  the  great  iuterseetiiig  sewer  run- 
ning along  B  street  northwest  from  8<?venth  street  west  to  Seventeenth  street  west. 

The  bottom  of  the  sewer  is  now inches  below  mean  low-water.     This  sewer  should 

be  continued  by  the  most  direct  line  in  length  3,(MK)  feet  to  the  bulkhead,  having  an 
average  width  of  20  ivet,  a  height  of  9  feet,  with  it^s  bottom  2  feet  below  mean  low- 
water  at  Seventeetli  street  and  5  fet^t  at  the  bulkhead.  This  sewer  would  then  at  all 
times  contain  nearly  (>,<MM)  tons  of  water,  with  a  tidal  flow  in  and  out  of  1(),(KH)  tons 
daily.  If  the  area  drained  has  80,000  inhabitants,  the  amount  of  organic  nmtter  would 
be  20  tons;  the  tidal  water  v.ould  amount  to  live  hundred  times  this  amount,  sufticient 
to  render  it  inolleusive.     But  this  sewer  would  have  to  be  x>t'riodically  cleaned. 

The  most  efficient  method  would  ]>robably  be  to  i)n)vide  intercei)ting 
sewers  for  all  higher  levels  to  discharge  into  the  river  by  gravity  5  and 
for  the  lower  districts  to  be  provided  witli  special  sewers,  and  with  pump- 
ing stations  near  the  river-channel,  which  will  raise  and  discharge  the 
sewerage  at  such  levels  as  the  stiige  of  water  may  re<]uire.  For  the  dis- 
trict now  drained  by  the  B  street  sewer,  at  the  foot  of  Seventeenth  street, 
the  line  suggested  by  the  board  will  probably  be  the  most  economical. 

A  i)erfect  system  of  sewemge  could  be  secured  for  the  low  district  by 
placing  pimiping-engines,  one  on  the  new  river  front  on  the  prolongation 
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of  Seventeenth  street ;  the  other  at  the  outlet  of  JamCvS  Creek  Canal, 
about  half  way  between  the  Arsenal  and  the  navy -yard.  At  the  present 
time  one  pump  at  the  last-named  locality  would  be  sufficient  to  drain 
the  sewers  at  all  stages  of  the  water. 


NEW  BRIDGE. 


When  the  channels  have  sufficiently  progressed,  some  provision  will 
also  be  necessary  for  the  construction  of  a  bridge  in  the  place  of  the 
present  Long  Bridge,  with  piers  sunk  to  the  depth  that  the  new  channels 
will  require,  and  with  spans  and  dniw  which  ^vill  meet  the  requirements 
of  naAdgation,  as  recommended  by  the  board  of  surv^ey  in  their  report. 


RIPARIAN  OWNERS. 


The  filling  of  the  flats  and  Washington  Channel  l>etween  the  Long 
Bridge  and  the  Arsenal  will  involve  the  destruction  of  the  wharves  along 
this  part  of  the  city  fix)nt. 

It  will  be  necessary,  therefore,  to  keep  the  Wa^shington  Channel  open 
for  navigation  until  the  new  frontiige  shall  have  been  completed,  when 
the  riparian  owners  might  be  granted  an  equivalent  frontage  and  area 
of  land  upon  the  new  and  deeper  channel;  the  old  channel  could  then  be 
filled  without  detriment  to  navigation. 

At  and  above  Easb} 's  Point  the  changes  proposed  by  the  board  for 
the  reduction  of  the  curvature  of  the  channel  are  of  great  importance, 
but,  as  the  excavation  would  be  very  expensive,  the  work  may  be  lim- 
ited to  the  removal  of  Easby's  Wharf  and  the  rock  near  the  house  of  the 
Analostan  Boat  Club.  The  dimensions  of  the  new  chaimel  would  be 
regulated  by  the  cross-section  required  for  the  discharge  of  the  river  at 
high-water. 

The  following  table  gives  the  principal  dimensions  of  the  channel  and 
the  present  and  proposed  cross-section : 


Locality. 


Aqnednct  Bridge 

G-Htrvet  wharf 

Eaahy's  Point 

Seveiitceiith-8tr<»et  wharf 

to  Gravelly  Point. 
Long  15rid;^e 


a^' 

s  5^ 

^1 

'J 

-  ® 

bU 

Sl^ 

fr--^ 

sS^-C 

3*i 

^ 

Feet. 

Feet. 

900 

29. 

1,080 

31. 

930 

37. 

5,330 

14.3 

2,497 

29. 

©  © 


Approximate  Hectional  area. 


W 


At 


low-wa- 
ter. 


Feet. 


16.  r> 
13.0 

m'2 

9. 


Square  feet 
20,  433 
22.  730 
20,  27.> 
20,640 

26,012 


Dnring  fresh- 
et of  1877. 


Square  feet. 
35, 2.^ 
42,080 


75,  414 
48,662 


PtojjopwhI  sectional 
area  at  low- water. 


Square  feet. 

No  cluinge  at  present- 
Do. 
Do. 

30,12,>. 

33,550. 


Tlie  general  plan  of  the  improvement  above  referred  to  pro^ides  for 
the  ultimate  and  permanent  improvement  of  the  two  harbors  by  the 
dredging  of  a  wide  and  deep  channel  and  filling  the  flats  with  the  dredged 
material. 

I  submit  with  this  repoit  a  modified  estimate  providing  for  the  exca- 
vation of  a  channel  20  feet  deep  at  low-water  along  the  deeper  i)ortion8 
of  the  river,  and  a  channel  15  feet  deep  adjacent,  following  substantially 
the  linens  laid  down  by  the  board  of  survey.  It  is  proposed  to  confine  the 
material  dumped  on  the  flats,  by  means  of  a  riprapped  slope,  with  a 
protection  of  sheet-piling  at  the  low-water  mark,  as  shown  on  the  plan 
accompanying  this  report.  The  cost  of  construction  of  wharves  would 
proijerly  be  sustained  by  the  riparian  owners. 
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Tlie  channel  above  proposed  will  provide  for  a  low-Avater  sectional 
area  at  tliat  part  of  tlie  river  where  the  bar  now  forms  abont  30,000 
square  feet,  being  somewhat  greiiter  than  the  present  low-water  section 
between  the  Aqueduct  and  the  Long  Bridge.  The  width  of  the  river 
will  be  dtH'reased  by  the  proposed  bulkhead  hues  so  as  to  insiue  the 
preservation  of  the  depth  at  low- water  stages,  and  at  the  same  time 
afford  a  sectional  area  during  freshets  5,000  feet  greater  than  that  at  the 
Long  Bridge. 

The  estimated  cost  of  the  work  now  proposed  as  the  project  for  the 
improvement  of  the  Washington  and  Georgetown  hai^bors  is  a«  follows : 

14,940,000  cubic  varcb*  dredj^ring,  at  15  ceut« $2,241,0(K)  00 

23,(MX)  fiM't  of  slope  protection,  at  $4 92,  0(H)  00 

Crib-work,  &c.,  at  east  end  Loug  Bridge 2ti,  (HK)  00 

Contingencies 2:^,000  00 

2,  592,  (XK)  00 

The  imi>rovement  can  be  commenced  and  carried  on  gradually  by  the 
appropriations  of  $150,000  to  $200,000  for  Ciich  year;  such  approi)ria- 
tions  will  insure  a  low  contract-i)rice  per  cubic  yard  and  substantial 
progress  each  year  until  the  accomplishment  of  the  work. 

EXAMINATION  OF  ROCKS  AT  CANAL  OUTLET  ABOVE  GEORGETOWN. 

I  hiul  the  honor  to  submit  on  March  27,  1878,  a  report  uj^on  the  cost 
of  removing  rocks  near  the  outlet  lock  of  the  Chesapeake  and  Ohio  Canal 
in  answer  to  a  resolution  of  the  House  of  Kei)resentatives  referre<l  to  me 
by  your  letter  of  ^larch  20,  1878.  Tlie  rocks  which  require  removal  are 
in  one  group  in  front  and  nearly  on  the  axis  of  the  new  outlet  lock  of 
the  Chesapeake  and  Ohio  Canal,  about  250  feet  from  the  foot  of  the 
incline. 

The  rock  is  partly  out  of  water  at  low  tide,  and  although  there  are 
channels  on  each  side  it  will  be  found  a  serious  obstruction  to  the  large 
amount  of  trade  passing  out  of  the  canal.  The  estimated  cost  of  remov- 
ing the  rocks  to  the  depth  of  9  feet  at  low- water  will  be  as  follows : 

1,600  cubic  yards  of  rock  excavation,  at  $25 $40,  000  00 

Contin<^eiicie8,  10  per  cent 4, 000  00 

44, 000  00 

The  following  statement  gives  approximately  the  trade  of  the  trso 
harbors  during  the  past  fiscal  year : 

STATISTICS  OF  TRADE  OF  THE  PORT  OF  GEORGETOWN,  D.  C. 

Received  hy  canal, 

Bitiirainoiifj  coal tons..  48.'>, 000 

Wheat bushels..  1,400,000 

Com bushels..  200,  (MK) 

Flour barrels..  20,000 

Received  by  river. 

Hard  coal tons..  2r>,000 

Wood cords..  3,0(K) 

Ice tons..  18,000 

Yellow  pine  lumber feet..  6,0(M),000 

Shin^'h^s l,(>MM)iX) 

Pickets  and  laths 4,000,(K)0 

Cedar  posts  .     7, 0(K) 

Miscellaneous  (by  steamers) tons. .  25, 500 

Calcined  plaster barrels.-  7,000 
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Lump  planter tons..  2,000 

Gnaiio    tons..  7,500 

Salt sacks..  10,000 

Potatoes bnshels..  10,  (KK) 

Wheat :....  biwhels..  150,000 

Fish  (B()8t<>u  packet) barrels..  10,000 

Miscellaiieous  (Boston  packet) tons..  2,000 

Shipped  hy  river. 

Bituminous  coal tons..         475,000 

Incliulinj^  flour  (by  steamers) tons. .  3:?,  750 

Empty  barrels 210,000 

STATISTICS  OF  TRADE  OF  THE  PORT  OP  WASHINGTON,    D.    C. 

Received  hy  canal. 

Bituminous  coal  (gas  company) tons..  6,000 

Bituminous  coal  (tra<le) tons..  40,000 

Received  hy  river. 

Bituminous  coal  (gas  company) tons..  12,000 

Pipe  retorts  and  tiro-brick  (ga«  company) tons..  11,500 

Hard  coal  (trade) \ tons..  150,000 

Wood  (trade) cords..  25,000 

Ice  (trade)    tons..  35,000 

Oysters  (trade) bushels..  210,000 

Saltiish barrels..  7,500 

Hay  and  straw tons..  7,000 

Potatoes bushels..  12,000 

Yellow-pine  lumber ^ feet..  15,000,000 

Laths  and  pickets 10,  0^,000 

Shingles 6,000,000 

Posts 10,000 

Granit<i  and  other  stone tons . .  4, 600 

Miscelhmeoiis  (by  steamers) tons..  7,000 

Miscellaneous  (by  ferry) tons..  1,500 

Shipped,  hy  river. 

Oil,  pitch,  and  tar  (gas  company) tons..  6, 500 

3Ii8cellaneous  (by  steamers) , tons . .  14,  (MX) 

Other  niiscellaneous  freight. tons..  3, 000 

Empty  barrels 30,000 

Also  a  large  amount  of  fresh  fish,  watermelons,  sweet-potatoes,  and  other  vegetables. 

The  followiug  maps  and  plans  accompany  this  report : 

One  map  of  tlie  harbor  between  Ea^sby's  Point  and  the  Long  Bridge,  scale  -gVinr. 

One  inap  of  harbor  below  Long  Bridge  showing  Wasliingtou  Channel  and  adjacent 
flats,  HcaU"  -^„V<r. 

One  general  map  of  the  harbor  showing  its  present  condition  and  the  pro])osed  im- 
pn>veiii('iit. 

One^t-neral  map  of  the  harbor  showing  its  condition  after  the  completion  of  the  pro- 
posed improvement. 

One  plan  showing  the  proposed  method  of  protecting  the  slope. 

Money  statement. 

July  1,  1877,  amount  available $2,856  62 

Amount  approjiriated  by  act  approved  June  18,  1878 50, 000  00 

|52, 856  62 

July  1,  1HT3,  amount  expended  during  fiscal  year 2,778  40 

July  1,  1878,  amount  available 50,  078  22 

Amount  (estimated)  required  for  completion  of  existing  project 2,  592, 000  00 

Amount  tliatcanbeprofttablyexpendediufiscalyearendiug  Juno 30, 1880.      244,000  00 
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removal  of  rocks  at  outlet  of  the  chesapeake  and  ohio 

canal,  district  of  columbia. 

United  States  Engineer  Office, 

Washington^  D.  C,  March  27,  1878. 

General:  In  accordance  with  the  instructions  contained  in  your 
letter  of  the  20th  instant,  I  have  the  honor  to  submit  a  report  ui>ou  the 
following  resolution  of  the  House  of  Representatives  of  March  14,  1878: 

Resolved^  That  the  Secretary  of  War  be,  and  he  is  hereby,  requested  to  asceii^Ain 
the  probable  cost  of  the  reuioval  of  the  rocks  iu  the  channel  of  the  Potomac  River 
between  Georgetown,  District  of  Columbia,  and  the  new  outlet  locks  of  the  Chesa- 
peake and  Ohio  Canal,  above  said  Georgetown,  and  report  the  same  before  the  close 
of  the  present  se^on  of  Congress. 

One  of  the  rocks  referred  to  in  the  resolution  is  situated  in  front  of 
and  on  the  line  of  the  axis  of  the  incline  of  the  new  outlet  lock  of  the 
Chesapeake  and  Ohio  Canal,  and  about  250  feet  distant  from  the  foot  of 
the  incline.  A  part  of  the  rock  is  above  low- water,  the  depth  on  the 
remainder  varying*  fr*om  1  to  10  feet  at  low-water.  The  depth  of  water 
between  the  rock  and  the  shore  is  from  11  to  12  feetj,  and  between  the 
rock  and  the  foot  of  the  incline  from  16  to  18  feet.  Canal-boats  can  be 
taken  into  the  main  part  of  the  river  by  either  of  two  channels  around 
this  rock,  but  with  a  large  amount  of  business  it  would  doubtless  be 
found  a  serious  obstruction  to  the  safe  handling  of  boats  and  tugs. 

A  special  examination  of  the  rock  has  been  made,  and  a  bench-mark 
for  low-water  established  at  the  lock. 

The  depth  required  for  tug-boats  is  9  feet  at  low- water,  and  an  esti- 
mate has  therefore  been  macle  for  the  removal  of  the  rock  to  the  9-feet 
ciuve.    The  estimated  amount  of  rock  excavation  is  1,G00  cubic  yanls. 

In  the  determiimtion  of  the  probable  cost  of  this  work,  the  bids  re- 
ceived for  similar  work  in  Georgetown  Harbor  in  1875  have  been  taken 
as  a  basis.  These  bids  ranged  from  $19  to  $37  per  cubic  yard.  The 
work  was  execut^id  at  a  cost  below  the  lowest  bid,  by  hked  labor  and 
machinery  borrowed  from  another  work.  Experience  demonstrated, 
however,  that  a  contractor  could  not  have  purchased  machinery  and 
done  the  work  for  $19  a  cubic  yard.  The  average  cost  per  yard,  includ- 
ing labor,  materials,  repaii's,  and  transfer  of  machinery,  but  not  includ- 
ing cost  of  machinery  ($11,100),  was  $14.36.  For  the  work  now  proi>osed 
new  machinery  would  have  to  be  purchased  or  the  work  done  by  con- 
tract, and  it  has  therefore  been  deemed  advisable  to  estimate  the  cost 
at  $25  a  cubic  3  ard. 

The  estimate  will  then  be  as  follows : 

1,600  eubic  yards  rock  excav*ation,  at  §25 $40, 000  00 

Contingencies,  10  per  cent 4,000  00 

44,000  00 

There  are  other  rocks  near  the  left  bank  of  the  river,  and  about  1,600 
feet  below  that  at  the  lock,  which  woiUd  be  somewhat  in  the  way  of 
boats  towed  along  the  bank.  They  are,  however,  inside  the  harbor  line 
proposed  by  the  board  of  survey  in  their  report  upon  the  improvement 
of  the  harbors  of  Washington  and  Georgeto\\ni,  December  12,  1872,  and 
it  would  be  more  economical  to  build  a  tow-x)ath  along  this  line  tlian  to 
attempt  the  removal  of  the  rocks.  Xo  estimate  for  the  work  has  there- 
fore been  made. 

Yery  respectfrilly,  your  obedient  servant,  S.  T.  Abert, 

Uniied  States  Civil  Engineer. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  S,  A. 
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G  2. 

IMPROVEMENT  OF  ACCOTINK  CREEK,  VIRGINIA. 

No  work  has  been  done  upon  this  improvement  since  April,  1873, 
when  a  channel  was  completed  from  the  town  of  Accotink  to  a  point  in 
Accotink  Bay,  IJ  miles  below  the  toym. 

A  part  of  the  channel  was  25  feet  wide  and  4  feet  deep,  and  the  re- 
mainder 40  feet  wide  and  2^  to  3  feet  deep.  At  the  date  of  the  last 
annual  report  this  channel  had  filled  in  so  that  the  depth  was  only  from 
2^  to  3  feet  at  low-water. 

For  this  reason  the  amount  of  trade  is  small,  being  about  the  same  as 
rei)orted  last  year.  No  examination  has  been  made  during  the  year,  as 
no  funds  have  been  available.  An  appropriation  of  $5,000  was  made  June 
10^872,  which  was  expended  under  the  direction  of  Colonel  Craigliill. 

The  amount  needed  to  complete  the  work  according  to  the  original 
estimate  is  $14,000.  For  a  channel  100  feet  wide  and  6  feet  deep  in  the 
bay,  and  50  feet  wide  and  6  feet  deep  in  the  upper  part  of  the  creek, 
$22,000  woidd  be  required. 

Accotink  is  in  the  coUection-district  of  Alexandria,  which  is  the  nearest  port  of 
entry. 


G3. 

IMPROVEMENT  OF  OCCOQUAN  RIVER,  VIRGINU. 

An  appropriation  of  $10,000  was  made  in  the  river  and  harbor  act 
approved  June  18, 1878,  for  the  completion  of  this  improvement.  It  is 
proposed  to  expend  this  amount  in  the  excavation  of  a  channel  at  the 
mouth  of  the  river,  either  in  the  old  line  or  a  new  line  more  nearly  in 
the  direction  of  the  tidal  currents.  The  channel  above  the  railroad 
bridge  is  reported  in  good  condition,  and  the  advisability  of  the  con- 
struction of  the  dike  proposed  at  this  point  will  depend  upon  the  dei)th 
which  the  river  is  found  to  have  maintained  at  this  point. 

The  original  estimate  was  $18,000.  Owing  to  the  fact  that  the  work 
has  extended  over  several  years,  and  to  additional  work  which  has  been 
needed,  the  estimate  for  the  entire  work  has  been  increased  to  $25,000. 
The  following  appropriations  have  been  made : 

March  3,  1873 $5,000  00 

June  23,  1874 5,000  00 

March  3,  1875 r>,000  00 

JnnelS,  1878 10,000  00 

No  further  appropriations  for  this  work  are  required. 

Occoqnan  is  in  the  cohection-district  of  Alexandria,  which  is  also  the  nearest  port 
of  entry. 

The  following  statistics  of  the  trade  of  the  river  have  been  furnished 
by  Mr.  J.  T.  Janney  of  Occoqnan : 

RECEIPTS. 

12,691  bushels  wheat,  valued  at $17,493  88 

11,746  bushels  com,  valued  at 1,259  10 

Estimated  amount  of  merchandise  received  by  eight  stores,  valued  at ... .      30, 000  00 

48,752  98 
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SHIPMENTS. 

4,187  barrels  flour,  valued  at $27,215  00 

10, (KK)  bushels  mill  ottal,  vahiefl  at 2,000  00 

30,000  ])ouik18  siiinac,  valued  at 350  00 

8,200  cords  wood,  valued  at 26,600  00 

Wharf  and  bridge  piles,  and  lumber,  valued  at 10, 000  00 

200,000  hogshead-hoops,  valued  at 7,250  00 

60,0(.)0  ban-el-hoops,  valued  at 6(X)  00 

16,000  cedar  posts,  valued  at 2,:M)  00 

2,000  dozen  eggs,  valued  at 250  00 

76,565  00 

Money  statement 

July  1,  1877,  amount  available $202  01 

Amount  ai>propriated  by  act  approved  June  18,  1878 10,000  00 

$10, 202  01 

July  1,  1878,  amount  expended  during  fiscal  year 202  01 

July  1,  1878,  amount  available 10,000  00 


G  4- 
IMPROVEMENT  OF  AQUIA  CREEK,  VIRGINIA. 

The  completion  of  tliis  work  was  proiided  for  by  the  appropriation  of 
$5,()(>()  in  the  act  of  June  18,  187<S.  A  channel  had  been  excavated 
throufrh  the  shoalast  part  of  the  creek  above  the  railroad-bridge,  the  last 
work  having  been  completed  in  Sei)tember,  1875,  since  which  date  no 
examination  had  been  made  for  want  of  fiinds.  As  the  present  appro- 
priation is  explicitly  stated  in  the  act  to  be  for  "  completing  the  improve- 
ment," the  work  will  be  conducted  with  this  object  in  \iew. 

It  is  therefore  proposed  to  dredge  a  channel  5  feet  deep,  and  of  such 
width  as  the  funds  will  permit,  through  the  portions  of  the  cieek  above 
and  below  the  niilroad-bridge  still  needing  improvement. 

Appropriations  have  been  made  as  follows: 

Juno  10,  1872 Si,  500  00 

March  3,  1873 2,000  00 

March  3,  1875.... 2,000  00 

June  18,  1878 5,000  00 

The  e^itimate  for  the  entire  work  was  $20,000. 

Aquiu  Creek  is  in  tJie  collection-district  of  Alexandria,  which  is  the  nearest  port  of 
entry. 

Money  ntatemenU 

Amount  appropriated  by  a<*-t  approved  June  18,  1878 $5, 000  00 

July  1,  1878,  amount  available 5,000  00 


IMPROVEMENT  OF  NOMINI  CREEK,  VIRGINU. 

No  work  has  been  done  on  this  improvement  during  the  year,  no  ap- 
propriation having  been  made.  The  last  dredging  operations  were  sus- 
pended in  September,  1876,  the  funds  having  been  then  exhausted.  As 
stated  in  the  last  report,  the  channel  shoidd  be  still  further  widened  and 
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deepened,  to  ob\iate  the  effects  of  high  winds  and  cross  currents  which, 
owing  to  its  exposed  position,  tend  to  fill  it  np.  The  present  channel  is 
not  as  wide  as  originally  conteuiidated,  and  the  passage  of  steamers 
through  the  unfinished  cut  caiLses  the  material  to  wash  from  the  slopes 
into  it,  so  that  it  will  need  to  be  deepened  as  well  as  widened  to  meet 
the  w  ants  of  na\igation. 

For  this  work  an  appropriation  of  $10,000  is  recommended. 

The  original  estimate  was  $20,000.  Owing  to  the  deterioration  of  the 
channel,  its  exposed  position,  and  the  small  ai)propriations  made,  it  has 
been  necessary  to  do  more  work  than  was  oiiginally  estimated  for,  so 
that  the  total  estimate  as  revised  is  $31,000. 

The  follo^ving  amounts  have  been  appi'opriated: 

March  3,  1873 $10,000  00 

Juue2.3,  1H74 6,000  00 

March  3,  1875 5,000  00 

An  appropriation  of  $10,000  is  now  recommended,  and  it  is  impoilant 
that  it  all  should  be  appropriated  at  one  time. 

The  traile  has  materially  increased  since  this  improvement  has  been 
commenced.  Two  steamboats  now  pass  regularly  through  the  channel, 
each  making  semi-w^eekly  trips  to  Washington.  Increased  facilities  for 
ti*ansportation  have  been  extended  to  the  large  section  of  country  of 
which  this  stream  is  the  natural  outlet,  and  the  beneficial  results  of  the 
improvement  have  been  very  marked. 

Money  statement. 

Amount  (estimated)  required  for  completion  of  existing  project $10, 000  00 

Amount  that  can  be  profitably  exjieuded  in  fiscal  year  ending  June  30, 1880.       10, 000  00 


G6. 

IMPROVEMENT  OF  RAPPAHANNOCK  RI^TiR,  VIRGINIA. 

At  the  date  of  the  last  annual  report  dredging  operations  were  in  prog- 
ress at  Fredericksburg  Bar.  These  were  completed  Jidy  2<>,  1877,  the 
total  amount  of  excavation  being  22,828  cubic  yards ;  353^  feet  of  dike 
were  also  built.  A  channel  50  feet  wide  and  9  feet  deep  at  low -water 
was  dredged  from  the  steamboat  wharf  at  Fredericksburg  to  Deep  Run, 
at  the  lower  end  of  the  bar. 

The  surv  eys  of  the  last  three  years  show  that  new  deposits  of  sand  on 
this  bar  take  place  at  about  the  same  localities  each  year.  It  is  probable 
that  this  tendency  can  be  to  a  great  extent  corrected  by  the  dikes  which 
it  is  proposed  to  constnict  during  the  present  season,  and  wiiich  will 
also  serve  as  places  of  deposit  for  the  dredged  material. 

The  dredging  already  executed  has  resulted  in  a  general  improvement 
of  the  low  er  part  of  the  bar  as  compared  with  its  condition  in  1873.  The 
difficulties  of  accomplishing  permanent  results  on  this  part  of  the  river 
have  been  due  to  the  fact  that  it  is  nearly  at  the  head  of  tide-water,  and 
also  to  the  action  of  freshets  causing  a  deposit  of  sand  brought  down 
from  the  river  valley  above.  For  this  reason  an  annual  appropriation 
for  dredging  this  bar  has  been  recommended. 

As  comparatively  permanent  results  seem  likely  to  be  secured  on  at 
least  the  greater  part  of  Fredericksburg  Bar  by  the  operations  proposed, 
the  improvement  of  the  river  below  Fredericksburg  can  now  be  resumed 
with  advantage. 


512         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

The  work  remaining  to  be  done  in  order  to  complete  the  present  plan 
of  improvement  is  as  follows: 

Spottswood  Bar,  widening  and  deepening  channeL 
Castle's  FeiTy  Bar,  dredging  channel. 
Farleyvale  Reach,  dredging  chauneL 
Nanzatico  Reach,  dredging  and  dike, 
Naylor's  Hole,  dredging  and  dike. 

These  obstructions  have  been  fully  described  in  former  reports.  Tlie 
estimated  cost  of  a  channel  100  feet  wide  and  10  feet  deep  at  low- water 
through  the  bars  and  shoals  between  Tappahannocik  and  Fredericks- 
burg is  $50,000,  and  it  is  recommended  that  $30,000  be  appropriated  for 
the  next  ftscal  year. 

An  appropriation  of  $13,500  was  made  June  18, 1878,  for  the  continu- 
ation of  the  work.  Two  dikes  will  be  built  during  the  present  season, 
one  extending  from  the  lower  wharf  down  the  river  on  the  right  bank 
and  the  other  on  the  left  bank  in  the  lower  part  of  Fredericksburg 
Eeach. 

The  balance  of  this  appropriation  will  be  applied  to  dredging  at  iK)ints 
where  the  channel  has  shoaled. 

Appropriations  have  been  made  as  follows: 

March  3,  1871 '. $15,000  00 

June  10,  1872 15,  0(X)  00 

March  3,  1873 15,000  00 

June  23,  1874 7,000  00 

March  3,  1875 5,000  00 

August  14,  1876 10,000  00 

June  18,  1878 , 13,500  00 

Money  statement 

July  1,  1877,  amount  available,  not  including  $631.62  due  on 

contract 1 $2,287  39 

Amount  appropriated  by  act  approved  June  18,  1878.  w^ 13, 500  00 

$15,787  39 

July  1,  1878,  amount  expended  during  fiscal  year,  not  including  $631.62 

due  on  contracts  and  also  paid 2, 287  39 


July  1,  1878,  amount  available ..,.     13,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  prontably  expended  in  fiuscal  year  ending  June  30, 1880.     30, 000  00 


G7. 

IMPROVEMENT  OF  LEONARDTOWN  HARBOR,  MARYLAND. 

The  act  of  June  18,  1878,  making  appropriations  for  the  improvement 
of  rivers  and  harbors  contained  a  provision  for  the  commencement  of 
the  improvement  of  the  hai'bor  of  Leonardtown,  in  Breton  Bay,  Mary- 
land, by  an  appropriation  of  85,000.  A  survey  of  this  harbor  was  made 
in  December,  1874,  under  the  direction  of  M^j.  WiUiam  P.  Craighill,  Corps 
of  Engineers,  and  a  report  upon  the  same,  with  an  estimate  of  tlie  cost 
of  improvement^  was  made  by  him  June  19,  1875.  (Report  of  Chief  of 
Engineers  for  1875,  Part  II,  page  108.) 

Leonardtown  is  situated  at  the  head  of  navigation  of  Breton  Bay,  and 
is  the  county  seat  of  Saint  Mary's  County,  Mar>  land.  It  is  a  poi)ular 
place  of  summer  resort,  and  is  in  the  midst  of  a  very  productive  country, 
whose  trade,  in  the  absence  of  any  other  means  of  communication,  finds 
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itH  outlet  by  sliipmeut  from  Leonarcltown  and  the  bay.  There  are  two 
lines  of  steamers  connecting  Leonardtown  with  Washington,  D.  C,  and 
one  \iith  Baltimore,  each  making  two  trips  a  week. 

Tlie  obstruction  to  navigation  consists  in  an  insufficient  depth  of  water 
between  the  whai-f  at  the  foot  of  the  main  street  of  Leonardtown  and  a 
point  in  the  bay  one-half  mile  belviW.  But  five  feet  of  water  can  be  car- 
rie<l  to  this  whai-f,  owing  to  this  deposit,  which  is  soft  mud  and  easily 
dredged. 

Estimates  were  submitted  in  the  report  above  referred  to,  for  several 
channels  of  varying  widths  and  depths.  In  view  of  the  increased  trade, 
and  the  need  of  a  c>onsiderable  width  of  channel  for  turning  of  steamers, 
as  well  as  the  soft  nature  of  the  bottom,  I  recommended,  in  submitting  a 
project  for  this  work,  that  the  largest  channel,  150  feet  wide  and  9  feet 
deei>  at  low- water,  be  taken  as  the  basis  of  operations.  Tliis  recommen- 
dation having  been  approved  by  the  Chief  of  Engineers,  the  appropria- 
tion of  $5,000,  made  June  18, 1878,  will  be  applied  to  dredging  so  much 
of  this  channel  as  the  funds  will  permit. 

The  balance  required  to  complete  the  improvement  according  to  the 
original  estimate  is  $25,000,  and  it  is  recommended  that  at  lea^t  $15,000 
be  appropriated  for  the  year  ending  June  30, 1880,  in  order  that  the  work 
may  be  done  at  more  reasonable  rates. 

Money  statement. 

Amount  appropriated  by  act  approved  June  18,  1876 $5, 000  00 

July  1,  1878,  amouut  available 5,000  00 

Amoaut  (estimated)  required  for  completion  of  existing  project...... ......  25, 000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880..  15, 000  00 


G  8. 

IMPROVEMENT  OF  HAMPTON  RIVER,  VIRGINIA. 

An  appropriation  of  $10,000  was  made  in  the  act  approved  June  18, 
1878,  for  this  improvement.  The  obstruction  to  naAigation  is  a  bar  which 
is  found  at  the  mouth  of  the  river  where  it  enters  Hampton  Eoads,  about  2 
miles  from  Fortress  IVIonroe.  A  survey  of  the  bar  was  made  in  1874,  and 
a  report  upon  the  same  with  an  estimate  of  the  cost  of  its  improvement 
was  made  February  22,  1875.  The  least  depth  uf  water  over  the  bar  is 
4^  feet.  It  is  proposed  during  the  present  season  to  dredge  a  channel 
from  8  to  9  feet  deep  at  low-water,  with  such  width  as  the  funds  may 
permit.  The  bar  is  formed  largely  of  sand.  The  statistics  collected  at 
the  time  the  survey  was  made  show  that  Hampton  has  a  thriving  trade, 
the  river  being  the  outlet  for  the  trade  of  three  counties.  I  resi)ectftilly 
refer  to  the  rei)ort  above  mentioned  for  ftdl  statistics  of  tlie  trade  and 
details  of  the  results  of  the  sun^ey.  (Report  of  Chief  of  Engineers,  1875, 
Part  n,  page  152.) 

The  original  estimate  of  the  cost  of  the  improvement  was  $16,000. 
The  amount  appropriated  June  1^,  1878,  was  $10,000,  lea^ing  $6,000  as 
the  amount  required  for  the  completion  of  the  improvement. 

Money  statement. 

Amount  appropriated  by  act  approved  June  18, 1878 $10, 000  00 

July  1,  1878,  amount  available 10,  0»K)  00 

Amount  (estimated)  re([uired  for  completion  of  existing  project 6,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      6, 000  00 

33  E 
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G  9. 

IMPROVEMENT  OF  ELIZABETH  RIVER,  VIRGINIA. 

The  work  of  the  last  year  under  the  appropriation  of  August  14,  1876, 
has  been  the  excavation  of  a  cut-oft*  near  the  lock  of  the  Albemarle  and 
Chesapeake  Canal,  and  the  widening  of  the  gap  about  three-fourths  of 
a  mile  below,  which  was  commenced  August  13,  1877.  The  cut-off  was 
50  feet  in  average  width ;  its  depth  waa  11  to  12  feet  below  the  adjacent 
marsh,  or  7  to  8  feet  below  low-water.  The  material  found  was  largely 
sand,  with  some  marsh  soil  and  stumps :  12,560  cubic  yards  of  material 
were  excavated,  measured  in  bank.  The  cut-off  effected  the  result  in- 
tended, which  was  to  decrease  the  velocity  of  the  tidal  current  at  the 
lock  so  as  to  enable  vessels  to  enter  it  safely. 

Tlie  gap  wa«  widened  20  feet,  with  a  slope  on  its  left  bank,  and  the 
passage  of  steamers  and  long  tows  has  thereby  been  greatly  facilitated. 
Five  thousand  one  hundred  and  seventy-nine  cubic  yards  of  material 
were  removed.    The  work  was  completed  November  13, 1877. 

The  work  remaining  to  be  done,  for  which  the  appropriation  of  June 
18,  1878,  was  asked,  is  deepening  the  approaches  to  the  gap,  and  the 
excavation  of  a  channel  through  a  bar  below  the  same. 

Tlie  original  estimate  for  this  river  was  $25,000,  but  owing  to  the  in- 
crease of  traffic  and  navigation  a  more  liberal  system  of  improvement 
than  that  at  first  proposed  has  been  found  necessary,  increasing  the  total 
estimate  to  $40,000.  This  amount  has  been  appropriated  and  no  further 
expenditure  is  required  at  the  present  time. 

Appropriations  have  been  made  as  follows : 

March  3,  1873 |15,000  00 

June  23,  1874 10,000  00 

March  3,  1875 5,000  00 

August  14,  1876 5,000  00 

June  18,  1878 5,000  00 

Elizabeth  River  is  in  the  coUection-district  of  Norfolk. 

The  principal  shipments  to  Norfolk  during  the  vear  ending  Septem- 
ber 30, 1877,  were : 

Bales  of  cotton 63,475 

Ban-els  of  fish 14,175 

BaiTels  of  naval  stores 16,259 

Bu^shels  potatoes 28,355 

Barrels  com 591,724 

Railroad-ties 32,521 

Laths 1,067,500 

Feet  of  lumber 31,589,516 

Shingles 31,822,525 

Staves 672,739 

Passengers 1,840 

Number  and  class  of  vessels  passed  through  Elizabeth  Eiver  for  the 
year  ending  September  30,  1877,  were : 

Steamers 2,376 

Schooners 1,626 

Sloops 508 

Barges 344 

Lightt;rs 587 

Boats 277 

Rafts ;. 123 

Total 5,841 
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Moiiey  statement. 

July  1,  1877,  amount  available ....,  $4,989  89 

Aniouut  ai)i)ropriated  by  act  ai)proved  June  18,  1878 5,  QOO  00 

$9, 989  89 

July  1,  1878,  amount  expended  during  fiscal  year 4, 721  94 

July  1, 1878,  amount  available 5,2C7  95 


Gxo. 

IMPROVEMENT  OF  NORFOLK  HARBOR,  VIRGINIA. 

During  the  past  fiscal  year  a  channel  has  been  dredged  through  the 
bar  at  the  mouth  of  the  eastern  branch  of  EUzabeth  River,  in  the  most 
important  part  of  the  harbor,  under  the  appropriation  of  $35,000  made 
August  14, 1876,  this  being  the  first  appropriation  made  for  this  improve- 
ment. 

The  contract  for  this  work  was  awarded  to  Mr.  Sidney  F.  Shelbounie, 
of  New  London,  Conn.,  the  lowest  bidder.  The  date  fixed  for  the  com- 
mencement of  the  work  was  September  15,  but  Mr.  Shell>oume  asked  an 
extension  of  time  to  repair  his  dredges,  which  was  granted. 

Messrs.  George  C.  Fobes  &  Co.,  of  Baltimore,  Md.,  submitted  a  iK)wer 
of  attorney  from  Mr.  Shelbourne  for  the  execution  of  this  work,  and  by 
authority  of  the  Chief  of  Engineers  the  work  was  done  by  them  under 
this  i)Ower. 

Work  was  commenced  October  15, 1877,  with  one  large  "clam-shelP 
<lredge,  and  continued  through  the  entire  winter,  with  remarkably  favor- 
able weather,  until  April  3, 1878,  when  the  channel  was  completed  as 
far  as  the  fiinds  allowed,  ha\ing  a  depth  of  fix>m  20  to  22  feet  at  low- 
water,  and  an  average  width  of  530  feet.  The  material  found  was  a  soft 
l>lue  mud.  It  was  deposited  on  Craney  Island  Flats,  at  a  distance  of  6J 
miles.  GThree  tugs  were  used,  two  for  towing,  and  one  as  a  tender.  The 
total  amount  of  dredging  was  284,898  cubic  yards,  and  the  daily  aver- 
age, including  time  lost  for  repairs,  &c.,  1,938  cubic  yards,  or,  for  actual 
dredging  time,  2,766  cubic  yards.  The  channel  thus  excavated  has 
proved  very  beneficial  to  the  commerce  of  the  port,  enabling  vessels  of 
deep  draught  to  pass  to  any  part  of  the  harbor.  For  the  completion  of  this 
particular  channel,  and  the  removal  of  wrecks  near  it,  the  sum  of  $25,000 
was  recommended  in  the  last  annual  rei>ort.  Reference  was  also  made 
in  that  report  to  the  proposed  plan  for  the  general  improvement  of  the 
Iiarbor  and  its  approaches,  under  consideration  by  the  United  States 
Advisory  Board  to  the  Harlwr  Commissioners  of  Norfolk. 

The  final  recommendations  of  the  board  have  since  been  made,  and 
were  referred  to  me  by  your  letter  of  May  15.  An  estimate  for  the  en- 
tire improvement  was  submitted  in  my  report  of  May  16  (Senate  Ex. 
Doc.  No.  ^^  Forty-fifth  Congress,  second  session),  and  is  also  given 
below. 

The  plan  of  improvement  is  as  follows :  In  the  imme<liate  harbor  it  is 
proposed,  in  adilition  to  the  work  already  executed,  to  deepen  and  widen 
the  channel  at  the  mouth  of  the  Southern  Branch,  and  along  the  Berk- 
ley and  Portsmouth  Flats.  For  the  approaches  to  the  harbor  it  is  recom- 
mended that  a  channel  500  feet  wide  and  25  feet  deep  at  low- water  be 
excavatetl  at  SewaU's  Point  near  Hampton  Eoads,  and  opposite  the  mouth 
of  the  Western  Branch  (of  EUzabeth  River),  where  bars  have  formed. 
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The  following  is  the  estimated  cost  of  the  proposed  improvement,  in 
addition  to  the  work  already  executed : 

ESTIMATE. 

In  the  immediate  harbor $112,200 

Between  Norfolk  and  Hampton  Roads 205,755 

Total 317,955 

The  execution  of  this  improvement  will  afford  access  to  Norfolk  Har- 
bor for  the  largest  class  of  vessels  engaged  in  commerce  and  give  in- 
creased harbor  accommodations  for  the  trade  of  the  port.  The  export 
values  of  Norfolk  shipments  increased  six-fold  from  1873  to  1876,  and 
are  now  from  $0,000,000  to  $7,000^000  a  year. 

In  my  report  of  1875  upon  tiiis  improvement  it  was  stated  that — 

The  harbor  of  Norfolk,  taken  in  connection  with  the  excellent  anchorage  in  Hamp- 
ton Roada,  htm  justly  been  regarded  a8  one  of  the  finest  on  the  continent.  The  depth 
of  its  channels,  security  of  its  anchorage,  capacity,  freedom  from  ice,  facility  of  en- 
trance and  departure,  combined  with  a  central  geographical  position  at  the  mouth  of 
the  largest  bay  in  the  country,  confer  on  it  an  unquestionable  superiority. 

There  are  steamboat  and  steamship  lines  connecting  this  port  with  the 
sounds  of  North  Carolina,  and  its  extensive  system  of  inland  transpor- 
tation, the  cities  of  Kichmond,  Baltimore,  Pro\idence,  New  York,  and 
Boston,  and  two  railroads  connecting  Norfolk  with  the  South  and  South- 
west. 

The  principal  shipments  are  cotton,  oysters,  lumber,  early  ftxdts,  and 
vegetables. 

The  improvement  projected  would  greatly  increase  the  value  and  im- 
portance of  the  navy-yard  at  Portsmouth  by  rendering  it  accessible  to 
the  largest  class  of  vessels  at  all  stages  of  the  tide. 

The  act  of  June  18, 1878,  appropriated  $50,000  for  the  continuation  of 
this  improvement.  It  is  proposed  to  apply  this  sum  to  the  completion 
of  the  channel  at  the  mouth  of  the  Eastern  Branch,  and  the  commence- 
ment of  the  work  contemplated  in  the  above  estimate  for  the  harbor  and 
its  approaches.  At  least  $100,000  shoidd  be  appropriated  each  year,  in 
order  that  each  channel  may  be  completed  during  the  season  in  which  it 
is  commenced,  and  the  work  thereby  be  most  advantageously  and  eco- 
nomically executed. 

The  following  statistics  exhibit  ftdly  the  importance  of  the  trade  of 
Norfolk. 

Foreign-hound  shipping. 


Tear. 


1873 

1874 

1875 

1876 

1877 

Total 


Number  of 
bottoms. 


Tonnage. 


71 
96 

U9 
94 

113 


493 


30, 613 
51, 139 
53.683 
65,504 
62,063 


263,032 


CoasttPtw  clearances. 


Year. 


Tonnage. 


Crew. 


1873 

1874 

1875 

1876 

1877 

Total 


1, 021, 376 
1, 119, 029 

968,271 
1, 104, 747 

973,898 


6,187,321 


29,368 
30,506 
25,865 
28.800 
24,581 


Nnmber  of 
bottoms. 


1,072 
1,183 
1,022 
1,072 
941 


139,120 


5,290 
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STATEMEXT  OF  EXPORT  VALUES. 

I?r3 $1,267,769 

lc74 3,906,318 

I'^^o 6,243,972 

le^6 7,825,112 

1j?77 6,278,933 

Total 25,522,904 

The  following  is  a  statement  of  exi>orts,  &c.,  of  this  jnyrt  for  fiscal 
year  ending  June  30, 1878 : 

Value  of  exports— cotton,  staves,  grain,  and  miscellaneons  articles,  $8,709,065. 

Entrances,  coastwise ^,..  996 

Entrances,  foreign....  •• * 46 

Clearances,  coa.stwise 967 

Clearanceti,  foreign 116 

Total 2,115 

The  following  appropriations  have  been  made  for  this  work : 

August  14,  1876  .•- $35,000  00 

Jane  18,  1878 50,000  00 

Money  statement. 

July  1,  1877,  amount  available..... $34,710  85 

Amount  appropriated  bv  act  approved  June  18,  1878 50, 000  00 

$84, 710  ^ 

July  1,  1878,  amount  expended  during  fiscal  year 31,405  07 

July  1,  1878,  amount  available 53,305  78 

Amount  (estimated)  required  for  completion  of  existing  project 293. 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  IS^ .     100, 000  00 


LETTER     OP     CHAIRMAN    OP    UNITED     STATES    ADVISORY    BOARD    TO 
HARBOR  COMMISSIONERS  OP  NORFOLK  AND  PORTSMOUTH. 

Washington,  D.  C,  May  6, 1878. 

Sir  :  Having  completed  onr  duties  in  regard  to  the  establishment  of 
the  i)ort-wanlen  lines  of  the  oceupied  portions  of  the  harbor  of  Norfolk, 
we  have  had  under  consideration  a  plan  for  the  general  improvement 
of  the  harbor  and  its  approaches.  We  find  that  from  various  causes 
there  has  been  of  late  years  a  decrease  in  the  width  and  also  in  the 
depth  of  the  channel,  and  that  the  harbor  itself  has  been  gradually 
shoaling.  These  changes  are  due  to  the  deflection  of  the  natural  forces 
of  the  current  in  some  sections,  o^ing  to  the  undue  extension  of  certain 
I>oints,  to  the  erection  of  bridges  and  obstructions  sunk  in  the  channel- 
way  during  the  late  war,  and  for  the  want  of  proper  police  regulations 
heretofore  to  prevent  the  harbor  l>eing  used  indiscriminately  as  a  dump- 
ui^'§rn>nnd  for  all  kinds  of  debris  frt>m  vessels  at  anchor  in  the  harbor  or 
secured  to  its  wharves.  These  are  some  of  the  principal  causes  which, 
combined,  have  impaired  to  some  degree  one  of  the  finest  natural  har- 
bors in  the  countrv. 

To  restore  the  integrity  of  the  harbor,  and  to  make  it  subser\ient  to 
the  increasing  wants  of  commerce,  will  require  extensive  dre<lging,  in- 
volving liberal  exj)enditures. 

The  general  government  has  here  the  most  important  naval  station 
south  c^  New  York«  and  u))on  which  millions  of  dollars  have  already  been 
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expended.  Located  upon  a  site  selected  by  the  fathers  of  the  Xa\nr,  by 
reason  of  its  great  natui^al  advantages,  in  close  proximity  to  the  pitch, 
tar,  tnii)entine,  and  hiniber  and  shii)'s  timber  regions  of  the  Sonth,  and  to 
the  coal  and  iron  districts  of  both  the  Virginias,  admirably  protected  by 
its  remoteness  fiom  the  sea  from  any  hostile  demonstrations  from  with- 
out, with  a  climate  where  labor  yields  its  best  returns,  and  where  skilled 
labor  abounds,  aiul  accessible  at  all  seasons  of  the  year  by  its  fi-eedoin 
from  ice  of  sufficient  thickness  to  obstruct  its  free  na^igation,  its  claims 
to  favorable  consideration  iissert  themselves,  and  require  no  argiunent 
to  make  them  manifest.  The  importance  of  the  harbor  of  Norfolk  can- 
not be  overestimated  either  in  a  national  or  commercial  regard. 

Left  helpless  and  prostrate  from  the  effects  of  the  war,  with  its  com- 
merce, its  industiies,  and  its  wealth  almost  annihilated,  Norfolk  is  to-day 
one  of  the  principal  cotton  marts  of  the  world,  and  with  its  railroad  con- 
nections extending  landward  in  every  direction,  its  unrivaled  situation, 
its  splendid  lines  of  steamers  to  Eiux)pe,  New  York,  Boston,  Pro^idence, 
Baltimore,  and  Richmond,  and  its  steam  connections  with  Philadelphia 
and  coastwise  in  almost  every  direction,  together  with  an  inland  com- 
munication by  means  of  the  Chesapeake  and  Albemarle*  Canal  almost 
continuous  to  the  Gulf  of  Mexico,  all  combine  to  make  it  a  most  impor- 
tant point  for  the  interchange  of  the  manufactures  and  products  of  the 
North  and  of  the  Old  World  with  the  virgin  jield  of  the  South  and 
West. 

In  our  recommendation  for  the  improvement  of  the  harbor  and  its 
approaches,  we  have  not  merely  considered  the  necessities  of  the  present, 
im]>ortant  as  they  are,  but  also  have  endeavored  to  submit  a  plan  which 
will  meet  the  requirements  of  the  ftiture,  when  the  whole  country,  which 
is  now  but  in  a  chrysalis  condition,  shall  be  fairly  i>eopled.  and  the 
fniitM  territories  of  the  South  and  the  West  measurably  developed. 

I  have  the  honor  to  submit  in  this  connection  a  copy  of  the  third 
report  of  our  ad\i8orv^  board  in  duphcate. 
Very  re8i)ctfidly, 

T.  H.  Stevens, 

Commodore^  U.  S.  ^.,  Chairman  U.  8.  Advisory  Board  to 

Harbor  Commissioners  of  Norfolk  and  Portsmouth, 

Hon.  Geo.  W.  McCrary, 

Secretaf^y  of  Wan 


REPORT  OF  THE  UNITED  STATES  ADVISORY  BOARD. 

Washinoton,  D.  C,  May  6,  1878. 

Dear  Sir:  In  our  rei>ort  of  January,  1877,  we  recommended  the  deep- 
ening below  the  mouth  of  the  Southern  Branch  and  upon  the  margin  of 
the  Portsmouth  Flats  as  projects  of  improvement  to  be  undertaken  sub- 
sequent to  the  removal  of  shallow  ground  in  the  approaehes  to  the  har- 
bor, but  post])oned  further  remarks  upon  this  last-named  projeet  \iith 
the  hoi)e  that  our  inquiries  into  the  history  of  those  outer  shoals  would 
assist  us  in  formuig  a  proper  judgment  as  to  the  width  of  channel  that 
could  be  used  and  maintained  most  economically.  We  have  not  been  as 
successful  in  thCvse  inquiries  as  we  had  hoped,  but  we  have  decided  to 
make  the  following  recommendations,  ^iz  : 

1st.  That  the  outer  bar  opposite  and  above  Sewall's  Point  should  be 
deepened  to  2o  feet  at  mean  low- water  for  a  distance  of  8,400  feet  and 
a  width  of  500  feet,  including  slopes  of  repose.    To  accomplish  this  the 


APPENDIX   G.  519 

gross  amount  of  dredjsring  require<l  would  be  400,000  cubic  yards,  with 
an  average  cut  of  souiething  less  than  I  yard  and  a  maximum  cut  of  IJ^ 
yanls. 

2d.  Tliat  the  bar  opposite  the  mouth  of  Western  Branch  shouhl  be 
deepened  to  25  feet  at  mean  low-water  for  a  distance  of  4,800  feet  and  a 
width  of  oIK)  feet,  including  slopes  of  rei>ose.  The  (bulging  would  hei'e 
amount  to  300,000  cubic  yanls,  the  average  cut  being  1^  yanls  and  the 
maximum  cut  1^  yanls. 
Very  n?si)ectfully, 

T.  H.  Stevens, 
Commodore^  U.  S.  X,^  Chainnan  of  V,  S,  Advim)ry  Board  to 
Harbor  Commissioners  of  Xorfolk  and  Portsfnouthj 

Chas.  B.  Phillips, 

Captain  of  Engineers^ 
Henry  Mitchell, 

l\  S.  CiMst  Survey y 
Members  of  U.  8.  Advisory  Board^  d*e.,  dr.,  d'c, 
Charles  Reid,  Esq., 

President  State  Harbor  Commission 

of  Xorfolk  and  Portmnouth^  Ya, 


report  op  mr.  s.  t.  abert,  united  states  civil  engineer. 

United  States  Engineer  Office, 

Washi}igtonj  D.  C,  May  16,  1878. 

General  :  I  have  the  honor  to  acknowledge  the  receipt  of  your  let- 
ter of  the  loth  instant,  referring  the  thini  report  of  United  States  Ad- 
visory Boani  to  the  Harbor  Commissioners  of  Norfolk  and  Portsmouth, 
relative  to  a  plan  for  the  improvement  of  the  harbor  of  Xorfolk,  for  re- 
port and  estimate,  in  connection  with  the  improvement  now  in  progress, 
and  would  respectfully  submit  the  following  report : 

The  Advisory  Board  have  submitted  three  reports  in  relation  to  the 
establishment  of  port-wanlen  lines  within  the  harbor  of  Norfolk  and  to 
the  improvement  of  the  harbor  and  the  channel  to  Hampton  Roads. 

The  first  two  reports  were  referred  to  me  by  your  letti&r  of  March  17, 
1877,  and  were  returned  with  my  report  June  5,  1877.  These  reports 
relate  to  the  port-wanlen  lines  and  the  dredging  required  to  make 
these  lines  available  for  the  purposes  of  trade.  This  third  and  final 
report  relates  wholly  to  the  dredging  required  to  obtain  a  channel  500 
feet  wide  and  25  feet  deep  at  low- water  fix)m  Hampton  Roads  to  the  city 
of  Norfolk  and  to  the  Portsmouth  navv-vanl. 

The  consideration  of  the  port-wanlen  lines  does  not  come  within  the 
purview  of  tlus  communication,  and  may  safely  be  left  \vith  the  intelli- 
gent officers  who  comiwse  the  board  and  with  the  harbor  commissioners, 
with  whom  remains  the  ix)wer  to  accept  or  to  modify  or  reject  the  lines 
proposed,  and  to  establish  regulations  for  the  govenmient  of  the  ripa- 
rian owners  in  erecting  docks  and  wharves. 

This  right  can  be  exercised  so  long  as  the  docks,  wharves,  and  pier- 
heads do  not  obstruct  the  public  highway. 

My  comments  will  therefore  be  confined  to  the  improvements  recom- 
mended, which  (lifter  slightly  from  those  mentioned  in  the  Reports  of  the 
Chief  of  Engineers.  In  Part  II,  page  147,  of  the  Report  for  1875,  it  is 
stated  in  regard  to  that  part  of  the  improvement  along  the  Portsmouth 
Flats,  that  ''it  would  be  necessary  to  rectify  the  wharf-front  of  the  city  of 
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Portsmouth,  commencing  at  the  northern  point  and  extending  1,200  feet 
above,  pushing  the  entire  front  back  until  at  the  northern  point  it  will 
be  about  300  feet  in  the  rear  of  it«  present  position.  The  line  should 
then  be  continued  by  dredging  from  tlie  point  of  the  whaif  to  the  25-foot 
curve  of  depth,  turning  on  a  gentle  curvature  to  the  left  hand.  Between 
this  line  and  the  channel  the  material  should  be  dredged  to  a  depth  of 
20  feet.  These  oi>erations  involve  an  interference  with  riparian  rights 
and  require  a  large  amount  of  dredging.  1  regard  them,  however,  as 
essential  parts  of  any  i)lan  for  the  con-ection  of  all  the  forces  which  co- 
operate to  foiin  the  bar." 

The  Advisory  Board  propose  to  push  back  the  wharf-front  110  feet 
instead  of  300  feet,  and  to  dredge  to  25  feet  instead  of  20,  inci'easing  the 
depth,  but  re<lucing  the  width  of  this  part  of  the  channel.  Xeither  of 
these  propositions  for  removing  the  wharf-front  can  be  carried  out  with- 
out the  consent  of  the  riparian  owners.  I  have  been  credibly  informed, 
however,  that  their  consent  can  be  obtained,  but  no  estimate  can  be 
made  of  this  part  of  the  work  without  further  examination  and  consul- 
tation. 

In  the  Report  of  the  Chief  of  Engineers  for  1877,  Part  I,  page  364,  it  is 
also  stated  that  "In  order  to  cany  25  feet  from  Hampton  lioads  up  to 
the  city  of  Norfolk,  it  will  be  necessary  to  dredge  the  channel  between 
the  Hospital  light  and  Sewall's  Point,  so  as  to  give  a  width  of  400  feet 
and  a  low- water  depth  of  25  feet." 

The  Ad\Ti8ory  Board  recommend  that  the  channel  should  be  made  500 
feet  wide,  including  slopes  of  repose. 

In  the  following  estimate  the  dimensions  proposed  by  the  board  have 
been  adopted,  and  the  work  already  done  in  removing  the  bar  at  the 
mouth  of  the  Eastern  Branch,  as  well  as  the  amoimt  asked  in  the  last 
annual  report  to  complete  the  removal,  have  been  deducted  from  the 
total. 

I  would  caU  attention  to  the  fact  that  in  order  to  give  a  clear  depth  of 
25  feet  at  low-water  it  will  be  necessary  to  dredge  to  a  depth  of  20  feet, 
and  that  the  quantity  measiu^ed  in  situ  must  be  increased  at  least  15  per 
cent.,  in  order  to  make  it  equivalent  to  the  same  quantity  measured  in 
the  dumping-scows.  I  have  adopted  this  equivalence  as  the  result  of 
practical  observation  in  the  recent  dredging  within  the  harbor  of  Nor- 
folk. I  would  further  remark  that  the  material  to  be  dredged  ha^s  been 
assumed  to  be  of  the  same  character  as  that  removed  fi^om  the  Eastern 
Branch  bar. 

The  estimate  is  given  under  two  heads,  viz :  within  the  harbor  of  Nor- 
folk, and  from  Hampton  lioads  to  Norfolk  Harbor. 

ESTIMATE. 

(1.)   IVithin  the  harbor  of  Xm'folk : 

The  dred«jfiug  is  the  amouut  recommended  by  the  board/ aud  extends  to  the  port- 
warden  lines. 

6H0,00(j  cnbic  yards  (bedding,  at  15c $102,000 

Contingencies,  10  per  cent 10,  200 

Total 112,200 

(2.)  From  Hampton  Boadn  to  Norfolk  and  the  Portsmouth  nary-tfard : 

Channel  5<X)  feet  wide,  26  feet  deep,  at  low-water.  The  apin*oximate  amount  of 
dredging  would  be — 

Cubic  yards. 

At  Sewall's  Point 6lV,  000 

Opposite  Western  Branch 552,  000 

Shoal  at  buoy  12 78,000 

Total  dredging 1,247,000 
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The  estimated  cost  will  be  as  follows  : 

1,247.<)00  cubic  yards  dredging,  at  15c $187,050 

Cuutiugeucies,  10  per  cent 18,705 

Total 205,755 

SUMMARY. 

(1.)  In  the  harbor  proper $112,200 

(2.)  Between  Norfolk  and  Hampton  Roads 205,755 

Total  estimate 317, 955 

The  general  location  of  the  proposed  channel  is  shown  on  the  accom- 
panying tracing. 

^Mien  this  work  is  completed,  there  will  be  a  25:feet  channel  at  low- 
water  from  Ham]>ton  Koads  to  the  city  of  Norfolk  and  Portsmouth 
navy-yard,  and  Norfolk  Harbor  will  become  a  shipping  port  of  the  first 
class. 

An  opinion  regarding  the  causes  of  the  deterioration  of  the  channel 
could  hardly  be  expresse<l  without  further  examination. 

The  commercial  importance  of  the  harbor  of  Norfolk  is  too  well  known 
to  need  further  commendation. 

The  letter  of  Commodore  Stevens,  with  the  report  of  the  Advisory 
Board,  is  herewith  resi)ectfully  returned. 

Very  respectfully,  your  obedient  servant, 

S.  T.  Abert, 
United  States  Civil  Engineer. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U.  8.  A. 


Gii. 

IMPROVEMENT  OF  CHICKAHOMINY  RIVER,  VIRGINIA. 

The  river  and  harbor  act  approved  June  18^  1878,  contained  an  appro- 
priation of  $5,000  for  the  improvement  of  this  river.  An  examination 
of  it  had  been  made  under  the  pro\'ision  of  the  act  of  June  23, 1874,  and 
a  reiwit  submitted  May  24,  1875,  to  which  I  resi>ectfully  refer  (Report  of 
Chief  of  Engineers  for  1875,  Part  U,  page  170),  for  detailed  information 
as  to  the  character  of  the  river,  its  trade,  and  a  statement  of  the  obstruc- 
tions which  prevent  its  free  navigation. 

The  most  important  work,  and  that  which  it  is  first  proposed  to  under- 
take, is  deepening  a  channel  through  Binn's  Bar  and  the  bar  at  Windsor 
Shades.  Alter  this  is  done,  the  snags  and  logs  which  obstruct  the  navi- 
gation above  these  i)oints  can  be  removed. 

The  original  estimate  was  about  $10,000,  but  as  no  8ur\'ey  has  been 
made,  it  may  be  necessary  to  increase  this  somewhat,  if  additional  work 
is  needecL  At  least  $5,000  would  be  required  for  the  continuation  of  the 
work. 

Money  statement. 

Amount  ajipropriatetl  bv  act  approved  Juue  18,  187 ci $5,  000  00 

July  1.  1H7H,  amount  availal>le 5,  O^K)  00 

Amount  (estiniatt*d)  required  for  completion  of  existing  project 5,  O'X)  00 

Amount  that  can  be  profitably  exjtended  in  fiscal  year  ending  June  30, 1880.  5,  000  00 
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Gl2. 

IMPROVEMENT  OF  BLACKWATER  RIVER,  VIRGINIA. 

The  portion  of  this  river  between  Franklin  on  the  Seaboard  and 
Roanoke  Railroad  and  the  Chowan  (13  miles  below  Franklin),  fonns  a 
X)art  of  the  important  line  of  na\igation  between  Korfolk  and  the  we.st- 
em  part  of  Albemarle  Sonnd.  There  are  three  steamers  which  ply 
on  the  river,  the  mail-steamer  making  tri- weekly  trips  between  Franklin 
and  Edenton  and  PljTnouth,  X.  C. 

The  Blaekwater  flows  largely  throngh  c^T)ress  swamps,  and  varies  in 
width  from  100  to  275  feet,  w  ith  a  depth  of  from  8  to  38  feet.  A  survey 
of  the  river  was  made  in  accordance  with  the  act  of  June  23,  1874,  and 
a  report  upon  the  same  maile  March  3, 1875.  (Report  of  Chief  of  En- 
gineers for  1875,  Part  II,  page  IGl.) 

The  obstructions  to  na\igation  consist  of  snags  and  trees,  and  a  sharp 
bend  called  George's  Bend,  w  here  it  is  proposed  to  widen  the  channel 
by  cutting  off  one  of  the  i)oint«  of  the  bend.  The  original  estimate  for 
the  improvement  was  ^15,000. 

The  act  approved  June  18,  1878,  appropriated  $5,000  for  the  work,  so 
that  $10,000  still  remains  to  be  appropriated.  This  appropriation  of 
$5,000,  now  available,  will  be  applied  to  the  removal  of  snags,  logs,  and 
other  obstructions,  being  insufficient  for  the  commencement  of  dredging 
operations.  It  is  proposed  to  execute  the  work  by  hired  labor,  this  hav- 
ing been  found  the  most  economicid  and  satisfactory  method  of  conduct- 
ing snagging  operations. 

Money  8tuteinent, 

Amount  appropriated  by  act  approved  June  18,  1878 ^,  000  00 

July  1,  1878,  amount  available 5,  0(K)  00 

Amount  (estimated)  recjuired  for  completion  of  existinc  project 10,  000  00 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  10,  000  00 


G  13. 

IMPROVEMENT  OF  FRENCH  BROAD  RIVER,  NORTH  CAROLINA. 

A  survey  of  this  river  was  about  to  be  commenced  when  the  last  an- 
nual reports  were  made.  This  survey  was  commenced  in  July  and  com- 
plete<l  during  September,  1877.  The  maps  were  then  plotted  and  esti- 
mates for  the  improvement  made. 

The  results  of  the  survey  were  submitted  in  a  special  report  dated 
February  12, 1878  (appended  hereto),  and  to  which  reference  is  respect- 
fully made  for  fidl  details  as  to  the  character  of  the  river,  and  the  feasible 
plans  for  its  improvement. 

It  was  found  that  pending  the  preparation  of  the  maps  and  report,  a 
considerable  amount  of  work  in  removing  snags,  logs,  driftwood,  &;c.,  coiild 
advantageously  be  done  and  woidd  be  applical)le  to  any  plan  of  improve- 
ment which  might  be  adopted.  A  preliminary-  report  was  submitted, 
and  authority  asked  and  granted  to  commence  the  work  by  hired  labor, 
as  specilic  estimates  could  not  be  prei)ared,  and  as  this  was  the  only 
practicable  method  of  executing  it  in  that  locality.  Material  and  tools 
for  the  work  were  purcha^sed  and  operations  commenced  in  October.  A 
derrick  or  snag-boat  and  scows  were  built  and  snags  and  drift-logs  re- 
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vetl  fh>m  a  jwrr  of  the  river.  Two  fish-trai>s  have  ]>eeii  reuioveil  and 
>  enlue  yanls  ofnn-k  quarrietl  near  l>a\i(bi4»u'.s  Kiverforthe  eoustme- 
n  of  wing-iLuus-  Work  was  susi>eude«l  for  the  winter  on  Deceui- 
•  1.1. 

[Tie  fiintU  available  for  etmtiniiinjr  the  improvement  in  the  spring  of 
S  were  not  snftieient  to  allow  any  work  exi-ept  the  sna^ririnjr  to  ]>e 
lertaken.  The  derriek-lH»;its  built  during  the  fall  were  litted  up  for 
$  work,  and  aetive  oi>eratiims  e«>mmenee<l  in  April. 
>iily  saeh  snag^  have  l>een  remove^l  as  were  in  the  main  channel  of 
'  river.  The  snag;ring  will  pniUiMy  l>e  eompleteil  e;irly  in  July, 
rhe  continuation  of  this  inipn>veuient  was  pro\ide*l  for  by  an  appro- 
arion  of  ?15.iHXi  in  the  river  and  harl>or  aet  of  June  IS,  1S7S,  and  the 
istruction  of  wing-4lams  and  exc*avation  of  rock  and  gravel  at  the 
Kils  will  lie  at  once  commen<-e<l.  This  method  of  improvement  i.'^  the 
St  e3L|^nsive  of  the  plans  suggested  and  will  undoubte^Uy  meet  the 
luirements  of  trade  for  manv  vears. 

rhe  estimate^l  ci^st  of  the  entire  inipmvement  by  wing-4lams  is  ^5,5<)<1. 
is  estimate  ilid  not  include  the  removal  of  snags  which  was  in  pn>gTess 
the  time,  and  which,  together  with  the  cost  of  surveys,  &c.,  was  pro- 
led  for  by  the  first  appropriation, 
rhe  following  ajqimpriations  have  been  made: 

sxi«t  14.  K6 $l«\«i»l  irt 

»e  It.  1-7? lo,«»A»  i«J 

rhe  amount  remaining  to  be  appropriates!  is  ^30.000. 
Che  aecomjianying  table  shows  the  changes  in  the  water  surface  dur- 
:  the  year.     The  oVisenations  were  taken  on  gauges  established  at 
ilson's  Bridge,  ShulVinl's  Bridge,  and  Big  Buck  ?>hoiiL 

V  1.  1^77.  aiihmnT  avail.i'»> ..........  $1".  <■■•  •■» 

oant  a{>|*n*|>ria7*^l  i»v  act  aj»|»mve«l  Jiuh-  H,  I*'?"? ..  ....     low  *tv  liJ 

$25, 1  ■  -^  « •> 

y  L  l*?*,  anjoiiDt  eipeu<l»-«i  during  d^ral  vraur .....................       7.  ItS  '.•?5 

y  1,  ItC^.  amonnt  availaMe .....................................     17.  *37  9it 

r>ant    *^snmaT*»d  >  TWfniivfl  for  c«»?iii»l*^iion  of  exi>tins:  prr>je<'t  ......  ....     3".  •■■»  <■* 

omii  that  can  W  {»n»hiaM y  trxpt-ii«lt  J  in  tiscal  year  eoding  Jane  3l».  l^'r*.*.     :J".  •-■■.»  »JU 
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EXAMINATION  OF  FRENCH  BROAD  RIVER,  NORTH  CAROLINA  AND  TEN- 
NESSEE. 

United  States  Engint:er  Office, 

Washingfofiy  D.  C,  Febmary  12, 1878. 

General:  Under  date  of  Angust  27, 1877^  I  had  the  honor  to  submit 
a  preliminary  reiwrt  of  an  instmmental  examination  of  the  French  Broad 
River,  North  Carolina,  from  Brevard  to  the  di^iding  line  between  Hen- 
derson and  Buncombe  Counties.  A  reconnaissance  of  this  part  of  the 
river  had  been  made  in  1875  by  3Ir.  ^fcCalla,  acting  under  the  orders  of 
Major  McFarland;  and  in  the  following  year  an  instrumental  survey 
was  made  by  the  same  engineer  from  the  Henderson  County  line  to 
Asheville,  and  a  careful  examination  from  Asheville  to  Leadvale,  Tenn. 
The  estimate  of  Mr.  McCalla  (revised)  for  improving  the  river : 

From  Brevard  to  the  Henderson  Connty  line,  38.84  milee,  was f4l,  600 

From  thence  to  AshevUle,  16.42  miles 83,400 

Total  for  55.26  miles 125,000 

The  object  of  the  projwsed  improvement  was  to  procure  a  low-water  depth 
of  30  inches,  by  removing  a  portion  of  the  rock,  bowlders,  and  gravel  firom 
the  bars,  and  also  by  contracting  the  water-way  by  means  of  lateral 
dams.    The  rejwrt  of  1875  states,  regarding  the  improvement,  that — 

It  seems  to  be  quite  useless  to  undertake  it  before  the  railroads  are  completed  to 
AsheviUe ;  and  then  it  would  be  useless  unless  extended  from  the  Buncombe  County 
line  to  Asheville. 

During  the  past  year,  however,  two  railroads  have  been  pushed  with 
commendable  zeal  into  the  valley ;  one  of  these  is  an  extension  of  the 
road  from  Spari:anburg,  S.  C. ;  the  other  connects  with  tlie  Piedmont 
Kailroad  at  Salisbury,  X.  C.  The  former  road  has  been  graded  to  within 
1 J  miles  of  the  river,  near  the  Buncombe  County  line. 

The  act  of  Congress  approved  August  14, 1876,  appropriated  $10,000 
for  the  commencement  of  the  improvement,  which  was  limited  to  the 
part  of  the  river  between  Brevard  and  the  Buncombe  County  line.  Be- 
fore this  money  could  be  expended  an  instrumental  examination  was 
necessary.  The  excellent  reconnaissance  of  3Ir.  McCalla  had  demon- 
strati  the  practicability  of  an  improvement.  A  more  careful  survey, 
however,  was  needed  to  obtain  data  for  the  preparation  of  definite  plans 
and  estimates.  These  plans  could  not  be  made  without  charts  and  a 
profile  of  the  portion  of  the  river  to  be  improved ;  and  without  a  knowl- 
edge of  the  depth,  fall,  and  discharge  of  the  river  it  could  not  be  pre- 
dicted to  what  extent  a  bar  should  be  excavated  or  how  much  the  width 
of  the  river  should  be  contracted. 

With  your  authority  a  survey  party  was  accordingly  organized  and 
took  the  field  in  July,  1877.  ♦  ♦  ♦  When  the  survey  reached  the 
Buncombe  County  line  an  examination  of  the  river  was  continued  to 
Smith's  Bridge. 

DESCEIPTION  OF  THE  EIVEB  FEOM  BEEYAED  TO  ASHEVILLE. 

The  French  Broad  Kiver  rises  in  Transylvania  County,  Korth  Caro- 
lina. Its  springs  lie  about  the  foot  of  Caesar's  Head,  a  conspicuous  spur 
of  the  Balsam  Mountains,  a  majestic  range  which  has  an  altitude  of  6,278 
feet  above  tide.  The  general  course  of  the  river,  as  far  as  AsheviQe,  is 
northeast.  The  Blue  Kidge  bounds  the  valley  upon  the  east^  while  the 
Balsam  Bange,  with  its  lofty  peak  of  Mount  Pisgah,  forms  its  western 
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boundaiy.  The  valley  is  thus  close<l  at  its  head  and  upon  two  sides, 
but  the  general  shape  of  the  moiuitain  inclosure  is  too  broken  ui)oii 
the  west  side  to  allow  of  its  being  described  as  i^ctangular.  In  width, 
between  crests,  the  valley  varies  from  about  12  miles  near  Brevard  to 
about  25  miles  near  Asheville.  From  the  ba*se  of  the  mountains  the 
foot-hills  extend  to  the  low  bottom-lands  which  border  the  river.  Through 
tliese  bottom-lands,  which  are  sehlom  moi'e  than  15  feet  above  low  water, 
the  river  meanders  so  as  to  double  tlie  shortest  distance  between  Bre- 
vard and  AsheWlle.  Near  Brevard  the  bottoms  ai*e  600  feet  wide,  but 
increase  to  one-half  and  one  nule.  The  soil  is  sandy  and  produces  from 
30  to  50  bushels  of  com  to  the  acre.  The  low  bottoms  are  sometimes 
swept  by  the  floods,  which  leave  them  covered  with  several  inches  of 
sand,  and  the  banks  are  abraded  wherever  the  protecting  fringe  of  trees 
and  shrubbery  has  been  injudiciously  removed.  The  width  of  the  stream 
appears  to  have  changed  but  little,  and  increases  gradually  as  one 
descends  the  river.  Near  Wilson's  Fishtrap  it  is  from  00  to  70  feet 
for  a  short  distance ;  at  Allison's  Fishtrap  it  is  130  feet ;  at  Little  Buck 
Shoals  it  is  90  feet.  It  increases  from  100  to  145,  then  to  340  feet  at 
Big  Buck  Shoals,  and  diminishes  to  100  feet.  Below  this  point  the 
descent  becomes  greater,  the  surface  i^ider,  and  many  rocks  show  them- 
selves among  the  rapids.  At  the  foot  of  Long  Shoals  the  width  increases 
to  570  feet.  At  Smith's  Bridge  it  is  330  feet.  From  this  point  to  the 
border  of  Tennessee  the  river  is  rapid,  rugged,  and  picture.sque.  From 
Asheville  to  the  Warm  Springs,  the  distance  is  37  miles  and  the  fall  651 
feet ;  from  thence  to  Newport  the  distance  is  31  miles  and  the  fall  263 
feet.  It  is  evident  that  Asheville  is  the  terminus  of  any  practicable  plan 
of  improvement,  and  that  an  improvement  which  can  at  this  time  be 
recommended  must  termiimte  at  Big  Buck  Shoals,  near  the  Buncombe 
County'  line. 

To  return  to  the  description  of  the  upper  part  of  the  river,  it  will  be 
noticed  that  the  depth  has  the  same  unifonn  character  as  the  width. 
The  depth  on  the  bars  in  the  chaimel  varies  from  1  to  2  feet.  Some  of 
the  inter\'^ening  i)ools  have  a  depth  of  fi*om  2^  to  4  feet,  with  a  preva- 
lence of  4  feet;  others  vary  from  4  to  6  feet  in  depth;  at  two  points  the 
unusual  depth  of  14  feet  was  found. 

The  bed  of  the  river  is  covered  with  a  shallow  stratum  of  coarse  sand 
and  gravel,  and  sometimes  the  current  is  interrupted  with  ledges  and 
bowlders.  At  Davidson's  Kiver  solid  rock  was  found  at  depths  of  1  and 
1 J  feet  below  the  gi'avel. 

The  descent  of  the  river  as  for  as  Big  Buck  Shoals  is  more  moderate 
and  more  gradually  distributed  than  is  usual  in  mountain  streams.  The 
distance  frDm  Wilson's  Fishtrap  to  Big  Buck  Shoals  is  31.49  miles,  the 
total  fall  53.809  feet;  average  fall  per  mile  1.709  feet;  average  fall  per 
foot,  .000.324  foot.  The  distance  from  the  head  of  Big  Buck  Shoals  to 
Smith's  Bridge  is  16.86  miles,  the  fall  77.135  feet,  average  fall  per  mile 
4.575  feet.  The  total  distance  from  Wilson's  Fishtrap  to  Smith's  Bridge 
is  48.35  miles,  the  total  fall  130.944  feet,  and  the  average  fall  per  mile 
2.708  feet.  The  distance  from  Brevard  to  Asheville  in  a  straight  line  is 
24 J  miles;  by  river,  the  distance  is  48.35  miles.  The  actual  level  of  the 
two  towns  is  nearly  the  same.  Brevard  is  128.07  feet  above  low  water 
at  Wilson's  Fishtrap,  while  Asheville  is  260.76  feet  above  low  water  at 
Smith's  Bridge  and  2,250  feet  above  the  level  of  the  sea. 

Although  the  river  is  fordable  at  many  points  dining  low  water,  it  is 
impassable  at  high  water,  as  the  floods  often  reach  15  feet  above  low 
water.    Several  bridges  resting  on  pile  piers  connect  the  roads  of  Tran- 
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sylvania  and  Henderson  Counties.    Their  position  and  dimensions  are 
given  in  the  following  list. 


Kame  of  bridge. 


Wilson's  Bridge. 
Patton'g  Bridge . 
Allison's  Bridge. 
Shuford't»  Bridge 
McLain*8  Bridge 
Johnson's  Bridge 
King's  Bridge... 


Distance  ftvm 
Wilson's  Fishtrap. 


MUes. 

0.71 

6.28 

7.18 

10. 52 

19.51 

23.1 

25.7 


Height  of  floor 

Length  of 
bridge. 

Length  of 

above  low  water. 

span. 

Feet 

Feet 

Feet 

18 

163 

42 

20 

161 

44 

15 

113i 

45 

18 

141 

48 

21 

138 

37 

19^ 

162 

38 

ISA 

187 

60 

Kind  of 
bridge. 


All  of  these  bridges  will  need  to  be  raised  or  provided  with  draws  to 
admit  the  passage  of  steamers.  This  work  would  be  done  by  the  county 
authorities. 

The  special  characteristics  of  the  river  compiled  from  the  notes  of  the 
survey  are  given  in  the  following  table,  which  includes  the  measured 
length,  width,  depth,  and  descent  or  fall  of  the  river,  also  the  approxi- 
mate amount  of  excavation  required  to  obtain  a  depth  of  2J  feet  at  low 
water  with  an  average  width  of  37  feet.  By  this  means  and  by  the  aid  of 
lateral  dams  it  is  proposed  to  secure  2  J  feet  at  low  water  as  far  as  Big 
Buck  Shoals. 


\ 
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The  total  amount  of  excavation  from  Wilson's  Fisli-Trap  to  the  head 
of  Big  Buck  Shoals  is  3,597  cubic  yards. 

The  following  table  shows  the  length  and  fall  of  the  two  sections  of 
the  river  referred  to  above. 


From  Wilson's  Fish-Trap  to  hoail  of  Big  Buck  Shoals 

From  head  Big  Buck  Shoals  to  Smith's  Bridge 

Total ' 


Distance. 


Miles. 
31.49 
1&86 


FaU. 


Fert 
53.809 
77. 135 


48.35  I     130.944 


Fall  per 
mile. 


Feet 

1.709 
4. 575 


2.7(» 


OSCILLATIONS  OF  THE  RIVER. 

In  small  and  rapid  streams  like  the  French  Broad,  the  rise  and  fall  of 
the  water  has  a  more  impoiiant  relation  to  the  navigation  than  in  larger 
streams.  The  high  water  may  be  often  utilized  for  a  navigation  wliich 
is  impracticable  at  low  water,  and  a  stream  may  be  imi>roval)le  at  higher 
stages  which  cannot  be  fitted  for  navigation  at  the  lowest.  Hence  the 
importance  of  accurate?  information  relating  to  the  nse  and  fall  of  the 
water  and  to  the  movement  of  drift  and  ice. 

Three  gauge  stations  were  established,  the  fii^st  at  Wilson's  Bridge, 
the  second  at  Shuford's  Bridge,  and  the  tliird  at  Big  Buck  Shoals.  Ob- 
servations were  begun  about  the  first  of  August,  and  have  been  taken 
twice  ea<;h  day  up  to  the  present  date.  During  the  past  six  months  the 
rise  and  fall  of  the  river  seem  to  have  been  sufficiently  gradual,  and  the 
duration  of  the  high  water  sufficiently  long  to  be  made  available  for 
navigation.  For  two  months  the  surface  has  averaged  6  inches  above 
zero,  and  during  four  months  it  has  ranged  from  1  to  9  feet  above.  The 
time  of  falling  is  less  rapid  than  that  of  rising,  the  most  rapid  rise  being 
at  the  rate  of  5^  inches  per  hour. 

The  following  table  gives  the  gauge  observations  to  February- 1, 
1878 : 

Table  of  osciUations. 

OAUGK  RKAinXr.8. 
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September. 
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2      X 
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7      « 

c;   ;  ^ 
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0.3 

^  '1 

1 
0.  5  ... . 

.a 
0.2 

0.3 

1 

0.1 

2 

0.  1 

0.  6  ... . 

0.1 

o.t 

0.2 

3!  0.1 

0.  7  ... . 

0.1 

0..' 

0.2 

4    0.1 

0.  5 

0.1 

0.  i- 

0.1 

51  0.  1 

0.  5  ... . 

0.1 

l.t 

0.2 

6 

0.1 

0.  8 

0.2 

l.C 

0.6 

7 

0.1 

0.  5 

0.1 

0.  r. 

0.  5 

8 

0.1 

0.  5  .... 

0.1 

0.1' 

0.4 

9  i  0. 1 

0.  5  ... . 

0.1 

0.*^ 

0.2 

10 

0.1 

0.5   0.4 

0.2 

o.r 

0.4 

11 

0.1 

0.  8   0.  3 

0.5 

O.J- 

1.4 

12,  0.1 

0.6   0.3 

0.1 

1.(1 

1.1 

13    0.2 

0.5,  0.5 

0.1 

i.( 

0.8 

14    0.1 

1.2 

0.8 

0.1 

0.  e 

0.7 

15    0.1 

0.8 

0.6 

0.1 

0.4 

0.6 

16    0.1 

0.6 

0.4 

0.1 

0.4 

0.5 

17 

0.1 

0.5 

0.3 

0.1 

0.3 

0.5 

October. 


•mm 

X 

'a 

o 

X' 


-0.1 
0.1 
0.2 
3.1 
1.3l 

0.2; 

O.l' 

2.7| 

1.4' 

0.7 

0.5 

0.3 

0.3 

0.3 

0.2 

0.1 

0.4 


u 


X 


vi 

5 

X 


0. 
0. 
0. 
4. 

1. 
1. 

3. 
3. 
1. 
1. 
1. 
1. 
0. 
0. 
0. 
0. 


o 

o 
pq 


0.3 

0.2 

0.3 

3.  6 
•J  '> 

3]  1.9 
0  1.3 
7|  3.6 
2!  2.3 
9  1.3 
4  1.2 
l|  1.2 
0,  1.1 
9|  0.9 
8,  0.8 
7|  0.8 
6.  0.7 


November. 


December. 


o 

X 


0.2 
3.5 
2.1 
1.1 
1.0 
1.0 
0.8 
5.  I 
5.0 
2.4 
1.7 
1.3 
1.1 
0.9 
0.9 
0.8 
0.8 


h 

» 


a 

'J2 


0.8 
4.1 
3.2 
1.1 
1.3 
2.0 
1.5 
5.4 

(*) 
4.4 

3.  2; 
2.  6, 

2.  l| 
2.2! 
1.91 
1.7 
1.6 


cs 
o 


M 


0.8 

2.4 

3.0; 

2.2 

1.9 

1.6 

1.4 

3.2I 

6.  Ij 

5.  2 

3.  5' 

2.  5 

2.0 

1.5 

1.3 

1.0 

0.8 


K 

X 

c 

X 


1.3 
1.2 
1.0 
1.1 
4.8 
4.5 
3.0 
2.4 
1.7 
1.6 
1.5 
1.5 
1.3 
1.2 
1.2 
1.1 
1.0 


» 

u 

a 

wm 


2.7 
2.5 
2.3 
2.3 
6.1 
8.0 
4.4 


3. 
3. 
3. 


2.C 
2.  5 
2.4 
2.3 
2.3 
2.1 
2.0 


o 


1.7 
1.0 
0.6 
0.3 
1.1 


1.3 
1.1 
0.7 
0.5 
0.4 
0.3 
0.2 
0.1 
0.3 
0.3 


Jnimarv. 


P3 


2.61 

2.1 

1.9 

2.0 

1.7 

1.6 

1.5 

1.4 

1.9 

5.3 

3.3 

2.6 

4.3 

4.0 

3.  3 

M*  If 

2.6 


r     I 


c 

5C 


CC 


4.3 
3.7 
3.6 
3.5 
3.4 
2.7 
2.6 
2.6 
3.9 
8.1 
5.  5 


5.9 
5.0 


4. 
3. 


1.3 
1.1 
1.5 
.5.0 
4.4 
3.1 
2.7 
3.9 
3.2 
5.2 
2.1 
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s 
o 

s 

o 


18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28! 

29' 

3o: 

31 ! 

i 


An^nt. 


0.1 
0.1 
0.1 
0.  l' 
0.1 
1.2 
0.2 
0.1 


0. 
0. 
0. 
0. 
0. 
0. 


•z 

X 


.a 


0.5 
0.5 


2 


1 


0. 

0. 

0. 
•> 

1, 

0.5[ 
0.4 
0.2 
0.5 
0.8 
0.5 
0.5 


0.3 
0.3 
0.3 
0.3 
0.2 
0.1 
1.2 
0.6 
0.4 
0.3 
0.6 
0.  H 
0.6 
0.4 


Table  of  oscillations — Continued. 

GAUGE  READINGS. 


September. 


0.1 

0.4 

1.5 

0.8 

0.2 

0.1 

0.1 

0.1 

0.1 

-0.1 

-0.2 

-0. 1' 

-0.i 


3- 


1 

•/2 


n 


0. 

1. 

2. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


0.5 
0.  5 
1.3 
2.2 
1.5 
1.0 
0.7 
0.6 
0.  .'5 
0.5 
0.4 
0.4 
0.3 


I 


October. 


39 


% 


it 


X 

S 


o 


0.1 
0.1 
1.0 
1.7 
0.7 
0.4 
0.4 
0.3 
0.3 
0.7 
0.3 
0.3 
0.2 
0.2 


0. 
0. 
L 
3. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
0. 
0. 


0.6 
0.5 
0.8 
2.5 
1.8 
1.4 
1.2 
1.1 
1.0 
1.5 
1.3 
1.2 
1.1 
1.0 


November. 


^ 


0.7 
0.6 
0.6 
2.3 
7.7 
4.9 
•4.6 
3.6 
3.3 
2.5 
1.9 
1.8 
1.5 


9 

u 

•E 


a 


1.5 
1.4 
1.3 
3.7 
(•) 

r) 
(*) 

6.0 

5.8 

4. 

3. 

3. 

2.4 


be 

t 

I 

^ 

« 

r/: 

a 

M 

% 

0.5 
0.3 
0.3 
0.2 
5.7 
6.4 
6.6 
5.4 
4.2 
3.5 
2.9 
2.5 
2.1 


December. 


0.9 
0.9 

0.8 
0.8 
0.9 


1. 
3. 


6.3 

4.7 

2.7 
'>  '> 

4.3 
6.1 
3.7 


•E 


as 

a 


1.9 
1.9 
1.8 
1.7 
1.7 
2.2 
4.4 
7.9 
8.4 
4.0 
3.8 


5.3 


9.3 
5.7 


-TJ 

• 

•s 

1 

» 

J3 

n 

X 

s 

o 

M 

x 

u 

a 

S 

^ 

0.2 
0.1 
0.1 
0.0 
0.1 
0.2 


January. 


2.2 
2.0 
3.8 
3.3 
2.6 
2.3 


2. 
2. 
1. 

2. 


1.8 
1.0 
2.1 


•c 

x 


^ 


O) 


3.5 
3.5 
4.0 


o 

d 
PQ 


1.8 
1.6 
2.2 
4.8  2.9 
4.2j  2.3 
3.8i  2.0 


3.4 
3.2 
3.1 
3.0 
3.8 
3.2 
3.2 
3.2 


1.6 
1.5 
1.4 
1.3 
2.9 
1.5 
1.3 
1.3 


*  Over  gaage. 


DISCHARGE. 


Discharge  measurements  were  made  near  James  Davis''s  house.  From 
Da^iclson^s  River  to  Little  Buck  Shoals  is  3.7  miles,  and  upon  this  pail; 
of  the  river  by  far  the  larger  part  of  the  proposed  expenditure  for  im- 
X)roveraent  will  have  to  be  made.  A  well  determined  discharge  at  tliis 
l>oint  would  have  been  all  that  was  required.  The  measurements  of 
velocities,  however,  were  imperfect.  I,  therefore,  determined  to  use  the 
formula  of  Kutter,  which  seems  adapted  to  mountain  streams,  and 
which  gives  a  result  suflftciently  near  the  truth  to  be  used  until  more 
accurate  observations  can  be  made  in  the  spring. 

The  formiUa  of  Kutter  is  based  on  the  well-known  formula  of  D'i^cy 
and  Bazin,  in  which  the  values  of  the  co-efficient  c  are  made  to  vaiy 
with  "  the  value  of  r,  the  hydraulic  mean  depth,  and  the  condition  of  the 
section.  These  conditions  are  classed  in  four  categories,  which  do  not 
include  every  degree  of  roughness  of  the  wetted  perimeter,"  but  which 
may  be  made  to  include  small  values  of  the  co-efficient  c  by  inteii)ola- 
tions  and  additions  suitable  to  observed  cji^ses. 

Emxdoying  the  formula  for  English  feet. 


.,  ^  .    1.811    ,   0.00281 
41.6  H n  -  -  + 


V  = 


n 


J 


1  +  Al.6  + 


0.00281  \    n 


y/RJ 


in  which  v  =  mean  velocity  of  discharge,  feet  per  second. 

R  =z  3.23787  feet  =  hydraulic  mean  depth. 

J  =  .000243700  =  the  sine  of  the  inclination  of  thewater-siu-face. 

n  =  0.030  =  coefficient  dependent  on  material  over  which  the  wat^r 
flows,  which,  in  ca«e  of  rivers  obstructed  by  gravel  and  stone  in  a  mod- 
erate degree,  equals  0.030. 
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We  have  then 

.00281    .00281     11  rQAQ 
-J   =.000243700  =  ^^"'^^^ 

V^  =  1.8  .  • .    ^_  =  ^'l  =  .010006  + 

Also, 

y/Rj  =  .0280907 

Substituting  these  values  in  the  equation  for  v  and  reducing, 

V  =  V  oot^!!?  X  .0280907  =  1.69004  ft.  per  second. 
1.88i>o0o 

The  area  of  the  cross-section  is  340.3  square  feet,  and  the  discharge 
ij75.107  cubic  feet  per  second. 

This  discharge  Ls  smaller  than  the  observed  discharge,  but  as  the  lat- 
ter was  based  on  several  uncertain  observations,  I  have  thought  it  safer 
to  employ  the  result  obtained  as  above  in  all  the  following  calculations. 

We  are  now  prepared  to  consider  the  method  of  imi)rovement. 

IMPROVE3IENT. 

Before  i)resenting  the  plans  and  estimates  for  inqiroving  the  river,  it 
is  proper  to  state  the  considerations  and  conditions  whicli  nnist  deter- 
mine the  character  of  the  plan  a^  well  a.s  the  scale  of  the  improvement. 
AVliik^  the  latter  is  limited  by  the  resources  of  trade  and  industry,  the 
chara<*ter  of  the  imiirovement  is  limited  by  other  conditions.  Tlie  more 
imiK>rtant  of  these  may  be  mentioned  as  follows : 

1.  Assuming  that  any  elevation  of  the  low-water  level  may  damage 
the  bottom  lands,  the  tirst  condition  involves  the  preservation  of  the  pres- 
ent level. 

2.  The  average  depth  of  the  river  is  nearly  2J  feet,  and  any  improve- 
ment which  contemplates  an  increase  of  depth  to  over  2J  or  3  feet  will 
be  more  expensive  than  the  present  or  future  trade  will  Justify.  This 
will  be  made  more  ai)parent  in  the  estimates  to  be  submitted. 

3.  A  depth  of  2 J  feet  will  aftbnl  suilicient  depth  for  barge  navigatiou 
or  unloaded  steamers,  which  consequently  would  not  be  of  much  use 
except  in  the  higher  stages. 

4.  In  order  to  ol)tain  the  depth  of  2J  feet  at  low-water,  it  Mill  be 
necessaiy  to  excavate  through  the  bars  and  to  contract  the  water-way. 
The  contraction  should  not  be  such  an  to  increase  the  velocity  above  the 
average  of  3.3  miles  i)er  hour  nearly,  so  as  to  keep  within  the  limits  of 
the  natmal  velocity.  This  will  permit  steamers  of  moderate  power  to 
ascend  the  river  and  barges  may  be  wari)ed  up  without  much  diflficulty. 
The  natural  current  sometimes  reaches  4  miles  an  hour,  but  in  low  stages 
averages  about  2. 

These  considerations  are  imi)ortant,  as  the  na\igation  can  only  be 
adapted  to  small  steamers  of  light  draught  and  small  power. 

The  average  sectional  area  of  the  river  is  about  270  feet,  and  the  con- 
ditions governing  the  movement  of  such  stejimers  would  be  nearly  the 
same  as  in  an  indefinite  fluid,  according  to  the  formula  of  Du  Buat — 

p/__p_8^ 

in  which 

c  =  the  section  of  the  canal. 

8  ==  the  section  of  the  pait  of  a  prism  plunged  in  the  water. 
P  =  the  resistance  which  the  prism  exi>eriences  in  an  indefinite  fluid. 
P'  =  the  resistance  experienced  in  the  canal. 
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Any  contraction,  therefore,  will  at  onc^  cause  a  resistance  to  the 
motion  of  the  boat.  This  resistance  can  be  approximately  determined 
when  the  size  and  mo<lel  of  the  boat  are  known.  Assuming  a  midship 
section  of  18'x^J'=45  square  feet,  and  a  length  of  75  feet,  we  obtain  a 
capacity  of  80  tons,  including  machinery  and  boat,  according  to  the  exper- 
iments made  on  the  Languedoc  Canal,  and  of  about  100  tons  for  a  boat 
90  feet  long,  suitable  for  the  navigation  of  the  Fi*ench  Broad;  and  mak- 
ing these  models  the  basis  of  calculation,  we  obtain  the  resistance  to  a 
similar  Ixxly  mo\ing  in  a  fluid  by  the  formula  of  D'Aubuisson. 

62.43  n  8  /i'=i)Ounds  pressure,  in  which 

n  =  1.34  =  coefficient  of  'UlenireUationP 
g  =  section  of  boat. 

h'  =  the  height  due  to  the  velocity. 

When  the  lK>dy  is  itself  in  motion,  W=  ^-T^  j   in  which  r= velocity 

of  cm-rent  =  4  miles  i>er  hour  =  5.800  feet  per  second,  u  =  velocity  of 
boat  =  5  miles  per  hour  =  7.333  feet  per  second,  taking  an  extreme  case. 
The  resistance  =  02.43  nsh^  10.801  pounds  =  r. 

Correcting  this  result  by  the  fonniUa  obtained  fi'om  the  Languedoc 

Canal  experiments  P"=  P'\  1  —  0.26^-  —  1  )  |  we  obtain  the  resistance 

to  a  boat  moving  at  the  rate  of  5  miles  an  hour  against  a  current  of  4 
miles  per  houi*  in  a  channel  3  feet  deep.  This  resistance  is  equiva- 
lent to  a  tractive  force  of  5.7  tons.  But  in  order  to  determine  the  actual 
steam-jiower  re(piire<l  to  propel  a  boat  of  the  same  model  and  under  the 
same  ciiTumstauces,  the  immersion  of  the  paddles,  effect  of  the  current, 
and  friction  of  the  machinery  nmst  be  considered.  D'Aubuisson  sug- 
gest^s  the*  follo^^ing  expression  for  the  determination  of  the  dynamic 
effect : 


.1142«(^^|+3^(±Ft«)= 


V  being  the  velocity  of  the  river,  u  that  of  the  boat,  S  the  immersed 
section  midships  of  the  boat,  s  the  surface  of  that  portion  of  the  i)addles 
immersed = say  8  square  feet.  The  upper  signs  refer  to  the  ca«e  where 
the  boat  ascends,  the  lower  signs  to  that  where  it  descends. 

We  thence  obtain  for  the  power  required  for  a  fine  model  60,902  pounds. 
In  order  to  obtain  the  resistance  to  a  barge-shaped  model  in  the  contnicted 
channel  (40  feet  wide),  the  formula  for  the  effect  of  contraction  must  be 
applied  to  the  above  results,  and  to  this  must  be  added  the  loss  by  fric- 
tion ( })  and  a  coefficient  (2.4)  deduced  from  the  exi)ei-iments  of  M.  Magues 
on  the  Languedoc  Canal,  (1>-  AubuixHon^s  HydrauUeSj  translation j  p.  296.) 

The  fornuUa  will  take  the  form — 

r/p     8.46     \  /P    8.46    \-| 

P'=      (  c~^^  /   "^   \  "^  '  "^fi  )      -•^=^^^'^^^  pounds. 

or  10§  horse-power. 

This  residt  is  merely  approximate,  but  it  is  sufficient  to  show  that 
steamers  of  80  to  100  tons  and  from  12  to  15  horse-power  are  suitable  to 
the  navigation  of  the  Fi*ench  Broad  Kiver  in  its  proposed  imi>roved 
condition.* 


*  A  lij^lit-dranglit  steamer  of  BesHi'nier  steel  lias  n'eeiitly  been  built  by  Yarn^w  &Co., 
of  Pojibin,  England,  of  the  following  dimensions  and  draught:  Length  124  feet,  beam 
24  feet,  unloaded  draught  13  inehe«,  loaded  draught  2  feet  1  inch,  speed  KU  miles  per 
hour ;  and  iron  Hteamers  of  the  same  capacity  and  ilraught  are  built  in  N(»rfolk,  Va. 
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METHODS  OF  IMPROVEMENT. 

Three  methods  of  improvement  may  be  employed: 
1st.  French  movable  dams  with  locks. 
2d.  American  system  of  locks  and  dams. 
3d.  Wing-dams  and  excavation. 

1.  Movable  damn. — Altlumgh  the  river  is  peculiarly  well  adapted  to  the 
French  system,  I  have,  after  consideration  of  the  cost  of  construction 
and  maintenance,  concluded  to  dismiss  it  as  too  expensive.  The  second 
and  third  systems  will  be  compared  in  the  following  pages. 

2.  IjocJcs  and  dams, — It  will  appear  from  the  following  statement  that 
the  greatest  fall  occurs  in  a  limited  distance,  and  that  above  and  below 
this  locality  the  descent  is  moderate  and  uniform. 


Locality.  1  DwtanceJ      FaU.      1  ^^^}^^ 


From  Wilson's  Finhtrnp  to  Davirlson'M  Rivor 

From  Inad  of  I)«vi«lHoir«  Kivor  to  foot  of  LittU^  Huck  Shoals. 
Fi-om  foot  of  Little  Buck  Shoals  to  head  of  Big  Buck  Shoala.. 


'Ues. 

Feet. 

Fett. 

5.11,3 

H.  985 

1.681 

3.77 

13.  :.15 

3.  lyX-, 

2*i.  39 

31.  300 

1.400 

WilHon's  Fiahtrap  to  Big  Buck  Shoala I        31. 49  i      53.  809  ;  1.  71 


The  fall  of  little  more  than  13  J  feet  in  a  distance  of  3^^^  miles  is  confined 
chiefly  to  four  points  between  Davidson-s  Kiver  and  Little  Buck  Shoals. 
Two  dams,  about  50  feet  long  and  8y^y  feet  high,  and  two  locks,  w ith  an 
average  lift  of  7  feet,  will  be  sufficient  to  secure  a  depth  of  3  feet  in  this 
I)art  of  the  river  at  low  water. 

From  Brevard  to  the  upper  lock,  and  from  the  lower  lock  to  Big  Buck 
Shoals,  the  river  can  be  easily  imjuoved  by  several  small  dams  and  the 
excavation  of  a  channel  through  the  bars. 

This  method,  although  affording  a  satisfactory  depth,  is  liable  to  one 
objection.  There  is  no  doubt  of  a  small  ovei*flow  of  bottom-land  in  the 
vicinity  of  Allison's  Fishtrap,  and  the  extent  of  bottom  which  would  be 
covered  at  flood  can  only  be  determined  by  si>ecial  survey.  The  pro- 
priety of  damming  the  river  will,  theiefore,  dejiend  on  the  relative  value 
of  the  probable  trade  and  the  present  value  of  the  land.  These  (pie^- 
tions,  I  think,  should  be  decided  by  the  land-ow iiers  who  are  interested. 
I  have,  however,  thought  it  my  duty  to  present  an  estimate  of  the  cost 
of  imi)roving  the  river  by  this  method  on  account  of  the  unquestionable 
sup(?riority  of  the  navigation  whic'h  it  would  aft'ord.  The  estimate  is 
based  on  a  plan  for  a  composite  lock  of  crib-work  filled  with  stone,  the 
dimensions  being  100  by  20  feet  in  the  chamber  and  betw^een  the  gates. 

The  lift  is  7  feet  in  each  case.  A  plan  of  the  proposed  lock  accompa- 
nies the  report,  together  with  a  special  sheet  showing  the  location  of  tlie 
dams.  The  dams  will  be  of  crib-work,  with  suitable  abutments  and 
securely  bolted  to  the  rock  foundation,  8.9  feet  in  average  height.  The 
heights  were  obtained  by  successive  approximations  of  the  formida 


"'A 


Q 


3.33I/-.33;i  M  E 


) 


derived  from  the  formnla  of  Francis,  in  which — 
Q  =  the  discharge  in  cubic  feet  per  second. 
L  =  the  length  of  the  dam. 
n  =  the  nimiber  of  end  contractions. 
H  =  the  height. 
The  distance  between  the  dams  is  1.83  miles. 
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ESTIMATE  FOR  THE  IMPROAT^.MEXT  OF  FREN'CH  BROAI>  RI^'ER  FROM  WlLSOX's  FISH- 
TRAP  TO  THE  HEAD  OF  BUJ  BUCK  SIIOAI^S  BY  IX)CKS  AND  DAMS.  CHANNEL  THROUGH 
BARS  40  FEET   WIDE   AT  TOP,    M    FEET   AT   BOTTOM,  AND   3   FEET   DEEP. 

Excavation  above  Davidson's  Kivor,  3,241.2  cubic  yanb*  at  $4 ^12,964  {?(l 

Lm-k  at  bead  of  Cbcrokcc  iSboal  (includin*^  excavation  for  foundation) 15,  1(J2  'Xi 

Dam  for  the  same,  ^)  feet  bm«r,  9.3  feet  bi;;b 10,  r)f>3  00 

Lock  below  Little  Buck  Shoal  (incbnliiif;  excavation  for  foundation) 15,  l(i2  33 

Dam  for  the  same,  9()  feet  Ion*;,  8.5  iiudies  hij^h 10,  5()4  00 

Excavation  from  this  lock  to  head  of  Big  Buck  Shoal 12,  098  00 

76,  454  46 
Contingencies  10  per  cent 7,  (>45  44 

84,  099  90 

3. — Improvement  by  lateral  dams  and  groins  so  as  to  give  2J  feet  at  low 
icater, — In  this  rei)ort  I  T\ill  call  by  the  name  of  p-oinn  such  wing-dams 
as  extend  from  the  bank  in  a  straight  line  toward  tlie  channel,  and  which 
may  l>e  either  peqiendicular  to  the  thread  of  the  current  or  oblique  to  it. 
Such  dams  may  have  a  T-hea<l  or  short  wing  of  the  Siime  length  as  the 
groin,  or  if  prolonged  further  downstream  and  x>iiriilh'l  with  the  cur- 
rent, they  will  be  called  lateral  dams.  Groins  and  lateral  dams  are 
generally  built  with  two  objects  in  view,  viz:  either  to  concentrate  the 
curi-ent  or  to  raise  X\\q  water  siuiace  above,  or  they  may  be  designed  to 
raise  the  surface  and  concentrate  the  current  at  the  same  time. 

The  general  effect  of  such  structures  upon  the  movable  material  of  a 
river-beil  is  to  deepen  the  water  at  the  head  of  the  dam,  and  to  ti-ansfer 
the  material  removed  to  a  lower  x)oint.  This  is  very  marked  in  the  case 
of  groins,  which  are  liable  to  another  objection  on  account  of  the  action 
of  the  current  upon  the  banks  l>elow  them. 

Lateral  dams,  in  addition  to  the  advantage  obtained  by  groins, 
lead  the  ciurent  with  a  more  uniform  descent,  conduct  the  mati'rial  in 
8usi)ension  to  the  desired  point,  and  distribute  the  dei>osit  grjulually. 
In  conti*acted  channels  and  sharj)  bends,  where  a  contiiuious  stone-dike 
would  become  dangerous  to  navigation,  the  gix)ins  nuiy  be  used  to 
advantage.  Where  the  object  is  simply  to  elevate  the  siu-face  a  few 
inches,  the  facility  with  which  they  may  be  extended  so  as  to  obtain  the 
requisite  cross-section,  gives  to  these  dams  a  sui)eriority  over  the  lateral 
system.  Care,  however,  must  be  taken  to  make  the  cross-section  of  the 
water-way  permanent  by  paving  the  bottom  and  i)rotecting  the  banks. 

In  order  that  the  tsvo  systems  may  be  compai-ed,  I  have  subjoined  an 
estimate  for  improving  the  river  by  lateral  dams,  and  also  by  groins 
with  ocrcasional  wings.  In  both  cases  some  excavation  will  be  necessary, 
and  the  amount  is  included  in  each  estimate. 

In  the  determination  of  the  slope  resulting  fix)m  a  given  contraction  of 
the  natural  channel,  it  seems  projjer  to  employ  the  formula  which  would 
give  the  largest  ^'  factor  of  safety."  AYhere  tlie  cost  of  work  is  aftected 
by  uncertain  contingencies,  some  preciiution  of  this  sort  is  necessary. 

Instead,  therefoi*e,  of  the  more  accurate  foruuila  of  Humphreys  and 
Abbot,  or  of  Kutter,  the  following  formida  of  Rankine  ha*s  been  employed : 
(Itankine's  Civ.  Engineering,  p.  G81.) 

m  VG4.4y 
in  which 

i  =  the  sine  of  the  slope. 

r  =  velocity  in  feet  per  second. 

/=a  coefficient. 

m  =  tlie  mean  hydraulic  depth. 
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This  formula  is  the  same  as  given  by  Trautwiiie  under  the  following 
torm: 


Fz=    /^'Q^ll^  ^^'4-  .00002426  r\ 

(Trautwine's  poc*ket-book,  p.  565.) 


ill  which 

F  =  the  fall  per  foot  (in  feet). 
p  =  the  wetted  perimeter. 
V  =  the  velocity  in  feet  per  second. 
a  =  the  area  of  (^ross-section. 

For  the  elevation  due  to  a  contraction  of  the  width,  the  following 
formula  has  been  used : 

ESTIMATE   FOR   LATERAL  DAM8. 

Cross-section  of  water- ways,  50  feet  ^\U\e  by  2|  feet  deep. 
Slope  of  water-surface,  .(K)l()78  feet  per  foot. 
Sloj)o  of  water-surface,  5.692  feet  per  mile. 
Velocity  of  water,  4.84  feet  per  second. 
Velocity  of  water,  3.3  miles  i)er  hour. 

The  length  of  the  dam  will  be — 

At  Davidson's  River,  2,000  feet  for  a  faU  of  2.15  feet. 
At  Patton's  8hoal,  1,670  feet  for  a  fall  of  1.80  feet. 
At  Cherokee  Shoal,  5,750  feet  for  a  fall  of  6.20  feet. 
At  Little  Buck  Shoal,  2,040  feet  for  a  fall  of  2.20  feet. 
Total  length,  11,460  feet. 

Estimating  this  at  cost  of  $5.50  per  linear  foot,  a  factor  derived  from 
a  careful  estimate  of  the  dams,  we  have : 

11,460  linear  feet  of  dam,  at  §5.50 §63,  a30  00 

For  excavation  and  other  Avork  above  Davidson's  River  and  between  Lit- 
tle and  Bi|T  Buck  Shoals 8,  143  00 

71, 173  00 
Add  10  per  cent  for  contingencies 7, 117  00 

Total  cost. 78,290  00 

This  estimate  should  be  compared  w  ith  the  following  estimate  for 
groins  and  short  wing-dams  with  a  x>ermanent  cross- section,  formed  by 
paving  the  bottom  and  protecting  the  banks : 

ESTIMATE   FOR   GROINS   AND   SUORT  WING-DAMS. 

Channel  as  above,  50  feet  wide,  2|  feet  deep.     Maximum  velocity,'  4.84  feet  i)er 
second,  or  3.3  miles  per  hour. 
Average  height  of  wing-dams,  6  inches  above  low-water. 

Excavation  above  Davidson^s  River,  712.5  cubic  vards,  at  $4 ^2,  8.^>0  00 

Dams  at  Davidson's  River,  1 ,271  cubic  yards,  at  $3 3,  81 3  00 

Excavation  at  Davidscm's  River,  276.3  cubic  yards,  at  $4 1 ,  105  20 

Excavaticm  between  Davidson's  and  Patton's,  485.6  cubic  vards,  at  $4 1,942  40 

Dams  at  Patton's,  1,973  cubic  yards,  at  S3 *. 5,  919  00 

Excavations  between  Patton's  and  Allison's,  92.9  cubic  yanls,  at  .?4 371  60 

Damsat  Allison's,  1,126  cubic  yard8,at  $3 3,378  00 

Excavation  at  Allison's,  39  cubic  yards,  at  $4 156  00 

Excavation  between  Allison's  and  Cherokee,  118.2  cubic  yards,  at  $4 472  80 
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ins  at  Cherokee  Shoals, 2,985  cubic  yards, at  ^ ^,9'):^  <h» 

ca vation  at  Cherokee  5»hoaU,  25  cubic  yards,  at  $4 1 W)  U> 

cavation  between  Chen»kee  and  Little  Buck  Shoals,  59.7  cubic  vartls,  at 

M *. 2^-^  H» 

nis  at  Little  Buck  Shoais,  1 .543  cnliic  yards,  at  f3 4, 629  (>0 

cavation  at  Little  Buck  Shoals,  3:i6.5  cubic  yanls,  at  $4 I,:i46  (lO 

cavation  between  Little  and  Big  Buck  Shoals,  685.5  cubic  yards,  at  $4  ..  2,742  (H) 

a?,  018  f^i 

550  feet  |-inch  chain 2,?72  50 

chore 5iK)  (« 

41,391  30 
d  10  iier  cent,  for  contingencies 4, 139  13 

Total 45,530  43 

The  cliain  included  in  the  estimate  is  intended  to  be  fastened  with 
ig-l>olts  in  rooks  on  the  bed  of  the  river  to  enable  boats  to  wari>  up 
^inst  a  strong  current. 

The  method  of  imjjrovement  by  groins,  short  wing-dams,  and  exca- 
ition  seems  to  be  not  only  l>etter  adai)te<l  to  the  river  than  the  lateral 
ims,  but  also  to  be  the  least  expensive  mode  of  improvement. 

TRADE  AXD  RESOUKCES. 

I  am  not  able  to  offer  any  further  information  in  regard  to  the  agiicul- 
ral  products  of  the  jwrtion  of  the  Fi-ench  Brojid  Kiver,  which  is  the 
bject  of  this  rei>ort,  than  can  be  found  in  the  first  rejKirt  of  Mr.  ^Ic- 
dla,  which  is  pubhshed  in  the  ReiKwt  of  tlie  Chief  of  Engineei^s  for 
75,  Part  I,  page  819. 

The  outlet  for  the  ftiture  trade  of  the  river,  and,  indeed,  of  the  entire 
illey,  must  depend  ujion  the  two  railnrnds  which,  as  I  have  stated,  are 
'ing  diligently  imshed  towanl  an  early  completicm. 
Although  it  is  not  likely  that  the  river  imi)rovements  will  be  con- 
iue<l  l>elow  the  Henderson  Countv  line,  vet  a  connection  will  be  made 
•  railroad  with  the  river  near  the  teiiiiinus  of  the  pi"oposed  impn)ve- 
ent. 

PRESENT   CONDITION   OF   THE   WORK. 

Tlie  commencement  of  the  work  of  improvement  by  hired  labor  was 
ithorLzed  September  13, 1S77.     As  specific  estimates  could  not  be  made 

Aiew  of  the  uncertainty  of  the  cost  of  labor  and  materials  in  such  an 
accessible  hx*ality,  this  method  was  considered  most  advantiigiM)us  for 
e  pi^eliminary  ojierations. 

The  necessaiy  materials  and  tools  were  purchased  and  active  o]>era- 
>ns  commenced  in  October  and  continued  until  Dei'cmber  15,  when 
ey  were  susi>ended  for  the  winter. 

A  derrick-boat  and  two  scows  have  been  built  for  removing  rock  from 
e  channel.  The  fish-traps  at  Wilson's  and  Da\idson's  Kivei*s,  on 
rahanrs  Ford,  have  been  partly  remove<l.     A  quarrj'  has  Ikm^u  oi>ene<l 

Davitlson's  Kiver,  and  CMK)  cubic  yanls  of  nK*k  quarried  for  building 
ing-dams.  The  snags,  drift-logs,  and  overhanging  trees  have  l>een 
movwl  for  a  distance  of  al>out  20  miles  from  Wilson's  fisli-trai>.     Some 

the  snags  were  left,  as  they  wei\»  Ux)  large  to  l)e  raised  without  a  der- 
L*k  ;  the  winter  freshets  will  probably  cause  additional  accunuilations 

drift,  &c.,  to  be  remove<l.  Al>out  $4,(KH)  will  be  available  for  the 
ork  when  oi>eration8  are  resumed  in  the  spring. 
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GENERAL.  CONCLUSIONS. 

Estimates  for  three  raetliocLs  of  improveineut  are  submitted  in  the 
foro<^oing  report.  The  general  conehisioiis  as  to^  the  advantages  and 
cost  of  each  may  be  brietiy  repeated : 

First.  The  most  efficient  improvement  can  be  made  by  the  constnic- 
tion  of  two  locks  and  two  dams,  t4)gether  with  a  small  amount  of  exca- 
vation. The  depth  at  low  water  will  be  3  feet,  and  the  entire  cost 
$82,81(i.20. 

S(»cond.  Two  and  a  half  feet  can  be  secured  at  low- water  by  means  of 
lateral  dams  at  a  cost  of  $78,290.  This  method  is  more  costly  than  that 
of  gi'oins. 

Tliiid.  Two  and  a  half  feet  can  be  secured  by  short  >\ing-danis  and 
gioins  at  a  cost  of  $45,530.  This  form  of  dam  can  be  more  economically 
adjusted  to  the  variable  velocity  and  cross-section  of  the  river,  but  the 
objection  to  the  two  last  methods  will  be  the  velocity  of  the  cmient  at 
the  dams,  which  will  be  about  4.84  feet  per  second  at  low  water,  and  will 
increase  a  little  until  the  water  is  over  the  dams. 

Fourth.  If  0(mgre^ss  thinks  proper  to  authorize  either  of  the  above- 
mentioned  methods  of  improvement,  it  woiUd  be  desirable  for  reasons 
of  economy  to  grant  the  entire  jimount  in  one  appropriation.  The  ex- 
penditures and  preparations  which  have  been  made  are  api)licable  to 
either  plan. 

Fifth.  The  nature  of  the  soil  of  which  the  banks  are  composed  is  such 
that  the  speed  of  steamers  which  may  be  used  on  the  river  should  not 
exceed  an  average  of  5  miles  an  hour. 

LIST   OF  MAPS. 

The  following  maps  aiul  plans  accompany  thLs  report : 

A  gen«^nil  map  aud  profile  of  French  Broad  River  from  Brevaitl  to  AshcviUe.     Scale, 

One  map  and  profile  fi-om  Glen  Creek  Slioal  to  Little  Buck  Sboal,  showing  k>cation 
of  h)ck.s  and  dams.     Scale,  400  fe<^t  to  an  inch. 

One  nuip  and  profile  from  Davidson's  River  to  Little  Buck  Shoals,  showing  the  loca- 
tion of  the  wing-dams.     Scale,  A(K)  feet  to  an  inch. 

Thirteen  s])(*cial  sheets  of  ohstructions.     Scale,  400  feet  to  an  inch. 

Plans  of  locks,  2  sheets. 

Very  respectfidly,  your  obedient  servant, 

S.  T.  Abert, 


Brig.  Gen.  A.  A.  Huxphreys, 

Chief  of  Engineers  J  U.  S.  A. 


U.  S.  Civil  Engineer. 


G  14. 

IMPROVEMENT  OF  PERQL^IMAN'S  RIVER,  NORTH  CAROLINA. 

The  removal  of  the  stumps  obstructing  the  navigation  of  this  river 
near  the  town  of  Hertford  was  in  progress  when  the  last  annual  i-eport 
was  made.  The  snag-boat  which  had  been  in  use  on  the  Roanoke  River 
was  fitted  up  and  emi>loyed  for  this  puri>ose.  The  stumps  w  ere  of  c\i)ress, 
apparently  in  the  position  where  they  htul  originally  grown,  and  from  1 
to  7  feet  in  diameter  at  the  t^>p.  It  wa«  found  that  they  were  so  finnly 
held  in  place  by  roi)ts  that  they  could  not  be  removed  by  the  use  of  snag- 
hooks  alone ;  recourse  was  therefore  had  to  blasting. 

A  hole  2  inches  in  diameter  was  bored  in  the  center  of  the  stump  by 
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meaiis  of  an  aii*r^r  weltle^l  to  an  iron  rod  and  o|>erate<l  trom  the  dvek  of  the 
sna<r-lx>at :  the  depth  of  the  hole  was  Miriable,  l>ein*r  sometimes  4  feet. 
A  eliar<re  of  alMuit  2  imiiuds  (averajre)  of  No.  1  piUit  powder  was  then 
placed  in  the  hole  by  a  tliver,  and  tire<l  with  a  battery.  The  stiiiup  was 
thus  split  into  several  pieces,  whieli  were  dniwii  up  by  means  of  a  chain 
or  sna;nr-hooks.  Tlie  stump  jrenendly  sjdit  into  as  many  juec-es  as  there 
were  Lir^re  itn^ts.  Tliese  were  removtHl  and  deimsitiMl  near  the  river 
Imiik,  where  they  w^mld  l>e  out  of  the  way.  Tlu^  stumjis  avera«re<l  3 
feet  in  diameter ;  the  lar*rcst  was  7  teet  at  the  top  and  10  fi^et  at  the 
surface  of  the  uaul.  One  root  removed  was  31  fi*et  long  and  30  inches 
in  diameter. 

Tlie  average  depth  of  water  on  the  stumps  was  6  tV^et,  the  least  4J  feet, 
and  the  dejith  anmnd  them  9  feet.  The  tojxs  of  the  stimij^s  showetl  no 
ax-marks,  although  they  api>ejire<l  to  have  l>et*n  cut  off  in  some  manner. 
One  of  them  was  found  with  a  large  hole  in  the  top,  which  had  been 
bume<l  out,  and  the  coals  aiul  chairetl  wixxl  were  in  a  pt*rtVM*t  state  of 
preservation.  Tlie  libroiLs  roots  were  perfect,  showing  that  the  soil  im- 
meiliatelv  al¥>ut  them  had  not  l>een  moved.  The  lietl  of  the  river  was 
comi>osed  of  swam]>  mud  underlaid  with  blue  clay.  The  length  of  the 
channel  across  the  bar  or  jKunt  where  the  stumps  were  found  was  8(W 
feet :  the  width  of  channel  made  was  2tK)  feet,  with  a  depth  of  8^  feet 
at  low- water ;  70  stum|>s  were  remove<L  together  with  cypress  knees  and 
a  few  logs.  Tlie  work  was  commenced  June  l.">,  1877,  and  completed 
September  22, 1877. 

Money  statemeHt, 

July  1,  1*77.  anionnt  available ^,  1.S4  14 

July  1.  1?C!?.  aniouut  expended  duriug  ti«*cal  year 1, 5t)6  90 

July  1,  IrTp.  amount  available 5f7  24 


G  15. 

IMPRO^'EME^T  OF  ROANOKE  RI^^:R,  NORTH  CAROLINA. 

No  appropriation  was  made  for  this  improvement  and  no  work  has  been 
done  during  the  last  fiscal  year. 

The  sum  of  ^.(KH)  was  recommended  in  the  last  rejiort  for  the  n*moval 
of  snags  and  the  construction  of  a  new  siiag-boiit,  but  owing  to  the 
probable  increase  in  the  numlH*r  of  snags  since  that  date,  it  w^uUd  be 
ad\isable  to  tix  the  amount  at  ^3,(KKK  In  addition  to  the  removal  of 
snags,  some  work  coidd  be  dcme  to  advantage  in  repairing  the  tlike  at 
Indian  Highland,  which  was  injureil  by  fresliets.  Pilots  iviK>rt  an  im- 
provement in  the  channel  at  this  i>oint. 

The  total  estimate  for  completing  the  improvement  of  the  river  in 
acc*onlance  with  the  i>lans  submitteil  in  previous  reiiorts  is  ?«222,(KK>. 

The  following  appropriations  have  been  made : 

Mar(h3,  Irfn |yi).«i<H»  00 

June  IM.  1H72 Hi.iMHi  m) 

Manh  J,  1K73 in.iNN)  <k» 

June  23.  1-74 oJKK)  00 

The  nearest  eolle<t ion-district  is  Edeiiton,  N.  C. 

The  estimated  shii>ments  from  Jamesville  for  the  year  eniling  June  1, 
1878,  as  reported,  are  as  follows : 

10,0(M>,<«X)  feet  Hawc^l  lunilier  (c-^-^^ress.  pine,  and  oak). 
10,0(K>,iHM)  cypn^HS  and  juniper  shiugle.s. 
500  baleM  of  cotton. 
15,000  worth  of  sundry  articles. 
The  receipt*  are  valued  at  about  f  lOO.OtO. 
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Money  statement. 

July  1,  1877,  amoinit  available $1*?!  9S 

July  1,  1H7H,  amount  exjMMHlcd  during  fiwal  year I'^l  98 

Amount  (eHtiuuited)  required  for  completion  of  existing  j)roject 222,  (M)(),  iJO 

Amount  t  hat  can  Im*  profitably  expended  in  ti.seal  year  ending  June  30, 1880 . .  5,  000  00 


Gi6. 

IMPROVEMENT  OF  PAMPLICO  RIVER,  NORTH  CAROLINA. 

Work  wa8  coniniencecl  under  the  contract  with  Messrs.  Swindell  & 
Si)aiTow,  of  Washinjrton,  N.  C,  for  removing  the  pile  obstructions  near 
HilFs  Point,  on  August  1, 1877,  and  completed  September  1 9, 1877.  Ei^ht 
hundred  and  ninety -five  piles  were  removed.  The  contractors  used  a 
Spanish  windlass  and  snag-hooks.  The  piles,  when  drawn,  were  taken 
on  shore  and  i)ikHl  secm^ely. 

The  river  was  carefully  examined  with  a  "  sweep,"  and  all  the  piles 
that  cx>uld  l>e  found  were  removed. 

Dredging  under  the  contract  with  Mr.  G.  H.  Ferris,  of  Baltimore,  was 
commenced  October  1,  1877.  A  channel  175  feet  wide  was  dredged 
through  the  bar  near  the  town  of  Washington.  This  work  was  com- 
plet<*d  January  1,  1878,  when  oi)erations  were  suspended. 

Pilots  and  cai)tains  of  vessels  navigating  the  river  having  requested 
that  some  further  dredging  be  done  at  a  shoal  part  of  the  river  about 
one  mile  below  Washington,  a  survey  of  the  locality  was  made  in  Feb- 
ruary, 1878.  It  was  found  that  the  navigaticm  of  the  river  could  be  im- 
proved by  deepening  the  chaiuiel  from  1  to  2  feet  at  this  point.  Work 
was  ac'cordingly  resumed  March  29 ;  but  it  was  soon  found  that  the  bed 
of  the  river  was  composed  of  a  mass  of  roots  and  stumps,  wiiich,  l>eing 
cov(4-ed  with  sand  and  unul,  were  not  detected  until  the  dredging  was 
commenced.  As  the  contract  w  as  intended  to  cover  ordinary  di-edging 
simi>ly,  the  contra<;tor  asked  to  be  relieved  of  his  contract  or  to  be  paid 
for  t\w  removal  of  the  stumi)s.  An  exanunation  of  the  work  was  made, 
and  it  was  found  that  the  difticulties  of  the  work  were  so  great  that  the 
contractor  was  fairly  entitled  to  be  paid  for  the  new  and  unexpected 
kind  of  work  he  had  encountered.  With  the  sanction  of  the  Chief  of 
Engineers,  his  contract  was  accordingly  modified  to  cover  the  removal 
of  the  stumi)s. 

The  work  has,  however,  been  of  the  most  expensive  and  diflScult  char- 
acter, causing  jdmost  constant  breakage  of  the  dredfj^e  and  frequent  delay 
therefrom.  Two  hundred  and  eighty-seven  stumps  were  removed  by  the 
machine,  without  the  use  of  powder.  A  great  many  of  these  w-ere  cypress 
knees,  the  least  diameter  being  5  inches  and  the  greatest  diameter  of 
the  stunqis  4  feet.  All  the  cypress  stumps  were  periectly  sound  and  in 
their  naturid  position ;  the  roots  in  general  were  about  10  feet  long  and 
from  2  to  8  inches  in  diameter.  The  gum  stumps  were  partially  de- 
cayed, the  heart  lieing  sound  and  in  its  natural  position.  All  the  giun 
and  cyjuess  which  were  removed  on  the  west  of  buoy  13  had  been  sawed 
off  level  with  the  bed  of  the  river — probably  in  1847,  when  this  river  was 
improved  to  some  extent  by  the  United  States.  Some  of  the  stumps,  on 
being  removed,  had  an  appearance  and  consistency  like  that  of  cheese, 
becoming  hard  on  exposure  to  the  air. 

Work  was  completed  under  Mr.  Ferris's  contract  on  June  22,  the 
lower  channel  being  70  feet  wide  with  an  average  depth  of  about  9J  feet 
at  low- water. 
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If  it  is  desired  to  widen  and  straighten  this  channel,  the  balance  of 
the  original  estimate,  $10,000,  will  be  required. 

One  ai>propriation  has  been  made  for  this  work,  viz,  that  of  August 
14,  1876,  $15,000. 

The  shii)ment8  are  estimated  as  follows : 

Cottou,  35,000  bales,  valued  at |1,  400,  000  00 

Naval  stores 2(K),  000  00 

Lumber,  &c 240,000  00 

Estimated  value  of  receipts 350,000  00 

Money  statement. 

July  1,  1877,  amount  available $14,636  04 

July  1,  1878,  amouut  expended  during  fiscal  year 12, 565  47 

July  1,  1878,  amount  available 2,070  57 

Amount  (estimated)  required  for  completion  of  existing  project    10,  (KK)  00 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     10,  000  00 


G  17. 

IMPROVEMENT  OF  NANSEMOND  RIVER,  VIRGINIA. 

Work  under  the  contract  with  Mr.  G.  H.  Ferris,  of  Baltimore,  Md., 
was  commenced  July  11,  1877.  The  channel  at  Suffolk  was  widened  to 
80  feet,  with  a  depth  of  8  feet  at  low-water,  and  a  channel  of  the  same 
dimensions  was  excavated  through  Shingle  Creek  Bar  a  short  distance 
below  Suffolk. 

The  dredging  wa,s  completed  August  20, 1877,  the  amount  of  matenal 
dredged  being  8,340  cubic  yards.  The  repairs  to  the  dike  at  the  mouth 
of  the  Western  Branch  under  the  same  contract  were  commenced  Octo- 
ber 1,  1877,  and  completed  November  3, 1877.  One  liundred  and  thirty- 
five  sections  of  dike  were  repaired  by  driving  front  and  rear  i)iles  in  the 
middle  of  each  section  and  connecting  them  by  a  tie  bolted  to  each  pile 
at  the  top  and  i)assing  over  the  dike. 

A  survey  of  the  channel  at  this  point  was  ma<le  October  24, 1877,  and 
it  was  found  to  be  in  good  condition,  the  niling  dei)th  being  10  feet  at 
low-water. 

The  work  proposed  under  the  appropriation  of  June  18,  1878,  is  the 
completion  of  t\\^,  repairs  to  the  dike  (which  was  built  in  1873-74).  The 
improvement  will  then  be  finished,  and  no  further  appropriation  will  be 
required. 

The  onginal  estimate  for  this  work  was  $30,000,  but  its  distribution 
over  a  long  period  of  time  and  the  repairs  which  have  been  required 
have  incrciised  the  total  to  $37,000. 

The  following  appropriations  have  been  made : 

March  3,  1873 $15,000  00 

June23,  1874 10,  (MK)  00 

March  3,  1875 5,000  00 

AugUHt  14,  1876 5,(MK)  00 

June  18,  1878 *. 2,000  00 

Money  statement. 

Julyl,  1877,  amount  available $4,740  52 

Amount  ai>propriatecl  by  act  approved  June  18,  1878 2,  000  00 

$6, 740  52 

July  1,  1878,  amount  axpeuded  during  fiscal  year 4, 639  79 

Julyl,  1878,  amount  avaUable 2,100  73 
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ANNUAL  REPORT  OF  LIEUTENANT-COLONEL  Q.  A.  GILL- 
MORE,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
EN^)1NG  JUNE  30,  1878. 

United  States  Engineer  Office, 

Kew  York,  July  12,  1878. 

General  :  I  have  the  honor  to  transmit  herewith  my  annual  rei)ort« 
upon  the  works  of  river  and  harbor  improvement  under  my  charge  for 
the  fiseal  year  ending  June  30,  1878. 

Very  revspectfiilly,  your  obedient  servant, 

Q.   A.   GiLLMORE, 

Lieut  Col.  of  Engineers,  Bvt.  Maj,  Oen,,  V.  S.  A. 

Brig.  Gen.  A.  A.  HiiMPnREYS, 

Chief  of  Engineers,  U.  8.  A. 


H  I. 

IMPROVEMENT  OF  THE  HARBOR  OF  CHARLESTON,  SOUTH  CAROLINA. 

During  the  fiscal  year  ending  June  30,  1878,  very  little  work  was  car- 
ried on  in  Charleston  Harlwr. 

The  outer  end  of  the  Bowman  jottv  was  lowered  to  a  le\'el  of  2  feet 
above  mean  low-water  for  an  mhlitional  length  of  30  feet.  The  stone 
which  it  was  necessary  to  remove  for  this  purpose,  amounting  to  200 
cubic  yanls.  were  thrown  into  the  water  on  either  side. 

Some  dredging  in  Beaeh  Channel  wa^s  attempted  by  the  United  States 
dre<lging-steamer  Henry  Burden,  but  it  was  soon  ascertained  that  she 
could  not  work  there  to  advantage,  and  it  was  discontinued. 

On  the  14th  of  July,  1877,  instnictions  were  given  to  my  assistant, 
Capt.  James  C.  Post,  Corps  of  Engineers,  to  make  a  surs^ey  of  Beach 
Channel. 

The  residt«  showed  quite  conclusively  that  the  shortening  of  the  Bow- 
man jetty  had  not  proiluced  a  wider  channel  at  that  point,  but  that  the 
west  end  of  Drunken  Dick  Shoal  approached  the  Sullivan's  Island  shore 
and  the  jetty  as  fast  as  the  latter  was  reduced  in  length.  Neither  was 
the  channel  deepened  by  the  shortening  of  the  jetty.  On  the  contrary 
the  greatest  dei>ths  on  the  smallest  cross-section  were  less  than  existed 
on  the  smallest  cross-seetion  four  or  five  years  ago.  The  crooked  chan- 
nel had,  however,  been  made  straight,  and  on  the  whole  was  in  rather 
better  condition  for  ])m^)oses  of  navigaticm  than  ever  before. 

Captain  Post  wa«  instructed,  under  date  of  January  18,  1878,  to  cause 
borings  to  be  made  at  certain  specified  points  upon  and  in  the  vicinitj- 
of  the  northern  end  of  the  Charleston  Bar.  The  object  was  to  ascertain 
the  general  character  of  the  beds  and  deposits  which  constitute  the  bar, 
and  to  detennine  their  fitness  for  supporting  pemmnent  works  of  im- 
provement. 
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The  information  obtained  was  on  tlie  whole  rather  satisfactory.  Some 
of  the  borings  were  not  carrietl  deep  enough  to  be  of  much  vahie  by 
themselves  iu  indicating  the  weight-bearing  capacity  of  the  underijing 
beds ;  but  taken  in  connection  with  the  others,  they  justify  the  C4>ncla- 
sion  that  the  material  of  which  the  bar  is  composed  is  sufficiently  firm 
to  sustain  works  of  mo<lerate  weight. 

The  points  at  which  the  several  borings  were  made  are  shown  by  small 
cu'cles,  lettered  from  A  to  H  on  Plate  I,  accompanying  my  project,  dated 
March  9, 1878,  for  the  permanent  improvement  of  the  channel  of  entrance 
into  this  harbor  by  means  of  low  jetties. 

The  character  and  thickness  of  the  several  kinds  of  material  encoun- 
tered in  the  borings  is  shown  in  the  table  at  the  bottom  of  Plate  II  of  that 
report,  prepared  from  the  data  furnishe<l  by  Captain  Post. 

On  the  2r>th  of  March  insti'uctions  were  sent  to  George  Daubeney, 
assistant  engineer,  who  wa.s  at  that  time  engaged  at  Saint  Augustine, 
Fla.,  to  rei)air  to  Charleston  and  make  some  cmrent  observations  on  the 
Charleston  Bar.  The  points  selected  were  on  a  line  stretching  across 
the  bar  along  the  axis  of  the  gap  between  the  proposed  jetties ;  in  other 
words,  along  the  North  Channel.  The  special  object  in  \iew  was  to  de- 
termine the  relation  existing  between  the  bottom  and  the  mean  ebb 
veloc^ities  on  the  outer  slope  of  the  bar,  for  the  use  of  the  Board  of  En- 
gineers having  under  consideration  the  project  for  low  jetties  i-efentKl  to 
above.  Inclement  weather  interi'ered  so  seriously  with  this  work  that 
tnist worthy  results  were  secured  at  only  a  few  of  the  stations.  One  of 
these  was  located  on  the  outer  slope  of  tlie  bar  in  22  feet  mean  low-water 
soundings ;  here  it  was  found  that  the  maximum  ebb-velocity  at  the  siu*- 
face  was  about  one  statute  mile  per  hour,  and  that  the  corresponding 
bottom  velo<'ities  were  only  about  half  a  mile  per  hour.  From  the  ob- 
servations made  upon  the  crest  of  the  bar  directly  in  North  Channel,  in 
8.J  to  0  feet  soundings,  it  a])pears  that  the  bottom  ebb- velocities  are  at 
that  point  ciuite  equal  to  the  surface- velocities,  ranging,  when  at  a  maxi- 
mum, from  1^  to  IJ  statute  miles  per  hour. 

The  low-bottom  velocities  found  during  the  ebb-tide  well  out  on  the 
exterior  slope  of  the  bar — low  not  only  in  point  of  fact,  but  in  their  rela- 
tions to  the  velocities  at  the  sui*face — would  seem  to  point  to  the  neces- 
sity of  ciinying  the  jetties  farther  seaward  than  the  original  project 
contemplated,  thereby  carrying  forward  the  point  on  the  bar  where 
divergence  of  the  flow  through  the  gap  begins. 

More  complete  data  are,  however,  needed  on  this  paiiicular  i^oint. 
The  cuiTent  observations  on  the  bar  will  therefore  be  repeated  as  soon 
as  i)ossible  during  a  period  of  calm  weather,  with  a  view  to  such  re\'ision 
of  the  project,  Mith  respect  more  especially  to  the  length  of  the  jetties 
and  their  distance  apart,  as  may  be  suggested  by  more  accurate  knowl- 
edge of  the  currents  on  the  outer  slope  of  the  bar. 

WORK  CONTEMPLATED  DURING  THE  PRESENT  FISCAL   YEAR. 

By  act  of  Congress,  approved  June  18,  1878,  the  sum  of  $200,000  was 
appropriated  ''  for  imi)roving  harbor  at  Charleston,  S.  C." 

A  small  pait  of  this  sum  will  be  devoted  to  ciuTcnt  and  tide-gauge 
observations  and  to  making  additional  borings,  should  they  be  deemed 
necessary. 

The  bulk  of  the  appropriation  it  is  proposed  to  expend  in  construct- 
ing and  laying  an  apron  to  serve  as  the  foundation  of  the  shore  end  of 
the  north  or  Sullivan's  Island  jetty,  as  described  in  general  terms  in 
the  project  of  March  9,  1878.    This  apron  will  consist  of  a  bottom  layer 
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of  fascine  mattresses,  or  of  a  coiiibiiiation  of  timber,  bnisli,  and  fascines, 
about  2  feet  in  agpegate  thickness,  overlaid  with  riprap  stone  adjusted 
in  a  layer  of  a  luiiform  thickness  of  2  feet  to  2^  feet,  to  keep  the  work 
in  place  and  secure  it  a^jainst  injnry  from  storms.  The  apron  will  be 
I)nt  down  of  the  fidl  width  deemed  necessary  for  the  comi)leted  work, 
and  will  be  carried  out  as  far  fiom  the  shore  as  possilde  with  the  money 
available  for  the  purpose. 

The  appropriation  is  too  small  to  cover  the  cost  of  the  apron  for  the 
entire  jetty,  and  some  extra  expense  \v\\\  doubtless  have  to  be  encoun- 
tered in  securing  the  sea  end  against  damage  or  destruction. 

The  oiiginal  estimated  cost  of  the  two  jetties,  with  a  half-mile  gaj) 
between  them,  was  set  down  at  81,800,000.  The  cost  increases  with  the 
width  of  gap,  and  for  full-height  jetties,  having  their  crests  at  high-water 
throughout,  the  cost  of  both  jetties  would  be  about  $4,278,000. 

The  width  of  gap  for  the  full-height  jetties  would  be  1.4  miles. 

These  estimates  are  based  ui»on  tlie  supposition  that  the  riprap  super- 
stnicture  cost  jri^jO  per  cubic  yard,  the  mattress  foundation  )ifl.50  per 
square  yard,  and  an  allowance  for  subsidence,  comi)ression,  and  vmx- 
tingencias  of  20  per  cent,  for  the  shore  end  and  M  per  cent,  for  the  sea 
endi^  of  the  jetties. 

From  inquiries  made  more  recently,  I  am  convinced  that  these  allow- 
ances are  unnecessarily  large,  and  that  $4  per  cubic  yard  will  cover  the 
cost  of  riprap  in  place  on  the  work  and  $1.25  per  square  yard  that  of 
the  mattress  foundation.  I  think,  also,  that  the  allowanc?e  for  subsidence 
and  compi-essi<m  may  be  safely  re<luced  to  20  percent,  for  the  entire  work. 

The  report  of  my  assistant,  C'apt.  James  C.  Post,  Corps  of  Engineers, 
dated  June  27, 1878,  on  the  operations  for  the  improvement  of  the  harbor 
at  Charleston  during  the  fiscal  year,  is  appended  hereto.  His  report, 
dated  August  24, 1877,  on  the  survey  of  Bea^h  Channel,  made  in  a<5cord- 
ance  with  my  instructions  of  July  14,  1877,  is  also  appended.  The  chart 
M  hich  accompanied  this  report  is  omitted. 

This  work  is  located  in  the  custoiiia-distnct  and  port  of  Charleston. 

As  tending  to  show  to  what  extent  the  general  commerce  of  the 
country  will  be  promoted  by  the  proposed  improvement,  there  is  sub- 
mitted herewith  several  extract**  from  a  letter  on  this  subject  from  S.  Y. 
Tupi>er,  esq.,  president  of  the  Charleston  Chamber  of  Commerce,  and  a 
table  of  commercial  statistics  furnished  by  the  collector  of  the  port, 
showing  the  number,  tonnage,  and  crews  of  vessels  engaged  in  the  for- 
eign and  coast^^ise  trade,  the  value  of  exports,  and  the  amount  of  im- 
port duties  collected  in  each  of  the  years  1873  to  1877,  inclusive. 

Money  statement 

July  1,  1877,  amount  available. S7,368  71 

Amonnt  appropriated  by  act  approved  June  18,  1878 200, 000  00 

1207, 368  71 

July  1,  1878,  amount  et:pended  durinjj  fiscal  year 6, 392  36 

July  1,  1878,  outstanding  liabilitii'M  (poHsible) 1,000  00 

7,392  36 

July  1,  1878,  amonnt  available 199,976  35 

Amonnt  (estimated)  required  for  completion  of  existing  project 1, 600, 000  00 

Amonnt  that  can  be  profitably  expended  i  ii  fincal  year  ending  June  30, 1880.        500, 000  00 

35  E 
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HKPORT   OF   CAPT.    JAMES   C.    fH*-^.    C'oRI»S   OF   ENGIXEEft?. 

SavaxXaH.  Ga..  Jmme  '17.  l^^. 

(N.ii.VFL:  I  liav**  TO  «nliinit  the  t*»»]lMW'Tij;  iv|M»rT  «»f  th**  work  fur  the  improvement 
of  <  ■'i;ir:»--Ton  HarU>r.  Siiirh  C'arohna.  t'or  Th»-  |»;i*r  ri«i*:il  vt-ar: 

I'Mrin;;  thi^  ^^-ar^jK-nif  i"!!"  in  thi-  liar^»«»r  h.ivt-  iH-»ii  r^-^Tri"  tt-d,  asbrret<»fon',  to  tbeim- 
T»r«»\  ►-rii*  iiT  >tf  lh«-  F»«a«  li  (  liaiiij»-l  tiiir;.  ?»»•-.  Tli«-  l«»'.vr-r!n.:  of  The  B«»wiu;«u  jettv  was 
rofiriiiued  till  .July  17. 2"<'  riii.'i  \  ar»U*»f  ^t*»u»-  iH-iu;:  r»-iii«»v»-«l  iu  jnhlinon  to  that  reported 
fnr  Th»-  i»re'.  ioii*  h^^al  \>-ar.  ami  thf  |M»rTi«Mi  .if  ih*-  ir-iiy  I«»wer»^l  to:i  feet  above  low-water 
»-xT*-inU<l  :y»  u-«'t  ill  it'll:;!  li.  At  thi>  time  rhe  wurk  of  i«»\vrnui:  the  jetty  wa^*  ?»iLsj>ende<i 
iirjTii  rht-  •-tie<  t  of  wiiat  had  U«ii  ahva«iy  d»»iie  rould  1h-  a-H-ertaiiied  aud  the  advisa- 
h'liry  of  eoijTJnuiTijr  Tlii*»  vork  drtt-nniin  d.  A  ••urvev  wa^  then  ma<le  of  that  portion 
of  til*-  «haniiel  In'twt'fn  the  Ji-TTy  and  a  }»oint  l.'.i"«»  yards  to  the  east  of  it.  Fn»ni 
The  t-xtreniity  of  this  di?»Tanee  a  line  of  earefnl  !?«»undnitfs  wa«  also  taken  through 
The  remainder  of  the  channel  and  continued  to  d»-ep  water  outside  of  the  bar. 
Th*-  n-Milt  of  thiri  survey  iiidi«  ar«*<l  that  the  ihanuel  ha«l  not  changeil  practically  in  it« 
direifiou  or  depth  thnmtrliout  iT>  extent.  exc«  pt  iu  the  innii»-«liate  vicinity  of  the  jetty. 
At  this  )»oint  the  clianntl  was  no  wider  or  det- i»er  than  formerly.  u<»twith.<tandiug  the 
lowering  of  the  jetty.  This  sln>ws  an  evident  tendency  of  the  western  end  of  Dnmkeii 
Dick  to  approach  the  lH*a4h  as  rapi«lly  as  the  jetty  is  lowered  aud  the  channel  opened 
on  the  nhore  side.  A  numln-r  of  current  ohs4-rvations  w»*re  al'M>  taken  in  connection 
with  this  survey,  and  from  these  it  was  d»-t«rmined  tliat.  in  the  j>ort1on  of  the  chan- 
neh  from  the  jetty  to  a  |M»int  about  'M^)  yards*  to  the  ea.xt  of  it  that  the  flood-current 
commenced  aliout  25  minutes  liefore  low-water  and  continued  about  55  minntes  after 
high-water;  that  the  tirst  of  the  flood  pa.ssed  over  Drunken  Dick  Shoal  about  ^101 
yards  to  the  east  of  the  jetty,  and  aj*  the  tide  strengthened  it  pa.-vse*!  farther  aud  farther 
up  the  channel  Wfore  cr«»?y»ing  the  shoal  until  alxtut  half-tide,  when  it  passsed  entirely 
through  it  and  crt>ssed  the  lowered  portion  of  the  jetty  and  through  the  opening  be- 
tween the  jetty  and  the  shoal.  On  the  ebl>-tide  this  process  was  reversed  during  the 
first  half  of  it,  after  the  eb1>-curreut  had  fairly  set  iu.  aud  the  current  pa^ased  over  tht 
jetty  and  directly  through  the  channel,  a  much  smaller  portion  passing  to  the  south 
of  the  shoal  than  during  the  last  half  of  the  ebb.  After  hzilf-tide  a  large  portion  of  the 
ebb-current  that  pa^^sed  to  the  south  of  the  head  or  western  end  of  the  shoal  croaeed  it 
l>etween  the  jetty  and  about  :^I0  yards  to  the  east  of  it.  From  these  obeervationA,  it 
is  believed  that  in  the  portion  of  the  ehaimel  before  mentioned,  from  the  jetty  to  * 
distance  300  yards  to  the  east  of  it,  that  the  oljserved  flood-current,  before  low- water 
and  after  high-water,  is  the  result  of  an  eddy-current,  caused  by  the  ebb-current  pass- 
ing by  the  mouth  of  the  channel  and  to  the  south  of  the  shoal,  which  is  its  direction  al 
the  last  and  tirst  of  the  ebb-tide.  Other  observatious,  made  at  diflereut  points  of  the 
harbor  simultaneously  showed  that  the  flood-tide  made  its  appearance  first  in  the  Beach 
Channel  and  afterward  in  each  of  the  channels  to  the  south  of  it  in  succession,  the 
last  of  the  ebb  passing  through  what  is  calleil  the  main  ship-channel  to  the  INimpkin 
Hill  and  South  Channels.  A  detailed  reiH>rt  of  this  sur\*ey  was  submitted  to  yon 
August  24,  If^. 

As  soon  as  this  survey  was  completed,  the  Unitetl  States  dredging-steamer  Henry 
Burden  was  directed  to  commence  dredging  at  the  mouth  or  western  end  of  the 
Beach  Chatmel,  with  a  view  of  increasing  its  size  at  that  point,  and  thus  cause  a  por- 
tion of  the  flood-tide  that  was  escaping  over  the  shoal  to  flow  entirely  through  the 
channel.  The  short  turn  and  narrow  channel,  with  the  swifl  currents  that  were  en- 
countered, renderwl  this  dredging  very  slow  and  expensive,  aud  it  was  finally  given 
up  after  a  trial  had  been  made  wnich  proved  conclusively  that  it  could  not  be  done  at 
a  reasonable  cost,  and,  even  if  done,  would  be  accompanied  with  uncertain  results. 
After  this  no  further  work  was  done  upon  this  chaimel. 

To  obtain  data  for  a  more  comprehensive  plan  of  improving  this  harbor  a  ntunbtf 
of  borin^were  made  at  different  points  in  the  outer  harbor  during  the  mouth  of  Feb- 
ruary. The  borings  were  distributed  so  as  to  include  the  entire  basin  between  Sulh- 
van's  and  Morris  !bUinds  inside  of  the  bar,  some  of  them  being  made  on  the  bar  at  tlM 
outer  extremity  of  the  North  and  Swash  Channels.  A  record  of  these  borings  with 
their  location  was  forwarded  to  you  in  my  letter  of  February  25,  1^8. 

The  vessel  used  in  making  them  was  a  center-board  sailing  flat  of  23  feet  beam  and 
56  feet  in  length,  which  was  moored  with  4  anchors  in  each  positi<m.  A  staging  was 
made  projecting  over  the  water  frx>m  the  side  of  the  vessel,  from  which  the  borings 
were  made,  the  water  being  too  deep  and  the  current  too  swift  to  admit  of  a  staging 
being  made  resting  on  the  bottom.  The  apparatus  was  an  iron  pipe  three-sixteenthi 
of  an  inch  in  thickness  and  3  inches  in  diameter,  made  into  convenient  lengths  of  6  feet 
and  8  feet,  and  so  arranged  that  they  could  be  rapidly  joined  together.  After  the 
pipe  had  been  placed  in  an  upright  position  on  the  bottom  a  pump  or  pltinger  about 
4  feet  long,  having  a  valve  at  its  lower  end,  was  raised  and  lowered,  or  pumped  in 
the  pipe.     Even  in  the  hardest  material  encoimtered,  by  increasing  the  rapidity  of  the 
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puin])iii<i:  the  pipe  was  made  to  pans  quite  readily  into  it;  the  material  found  in  tlie 
plunger  each  time  it  was  broujjlit  on  deck,  together  with  the  mea«sured  dintauce  of 
])enetratiou,  gave  tlie  dirtereut  strata  and  tlieir  thiekuess  through  which  the  pipe 
p.'Mv*<Hl.  The  ]>lunger  wan  wovke<l  tn)ui  the  gatf  of  the  vessel,  which  was  guyed 
<linH-tly  over  the  pipe  as  it  stood  in  the  water.  The  borings  were  made  almost 
entirely  during  the  ebb  How  of  the  tide,  as  the  ebb-currents  with  little  or  no  wind 
tend  to  keep  out  the  heavy  sw«'ll  of  the  s«'a  from  the  harbor.  In  all  cases  after  the 
tlat  was  moored  it  was  found  impossible  to  work  more  than  four  hours  in  one  position, 
as  by  that  time  there  wt-n*  such  changes  in  the  cuiTfuts,  wind,  or  the  amount  of  ocean 
swell  that  it  waw  impossible  to  keep  the  flat  in  position  with  suthcieut  stcidiness  t^ 
continue  work. 

In  c<mnecti<m  with  the  borings,  surfa<'e-currents  during  the  different  stages  of  the 
tide  w**re  also  obs**rved  at  each  station  during  periods  of  perfect  calms.  The  result  of 
thes«^  observations  still  further  proves  that  both  the  flood  and  ebb  titles  make  their  ap- 
jwarance  at  the  north  end  of  the  bar  first,  their  efl'ect  ])assing  toward  the  south  along 
the  bar.  A  detailed  statement  of  these  obsers'ations  was  submitted  Febniarj"  26,  1878. 
Very  respectfully,  your  most  obeilient  servant, 

Ja8.  C.  Post, 
Captain  of  Engineers. 

Lient.  Col.  Q.  A.  GiiXAfOKE, 

Corps  of  Engineers. 


REPORT  OF  CAPT.  JAMK8  C.  POST,  CORPS  OF  EXOINEERS,  ON  SURVEY  OF  BEACH 

CHANNEL. 

Moultrie viLLE,  S.  C,  August  24^  1877. 

Colonel:  I  forward  to-day  by  express  the  chart  prepared  from  the  survey  of  Beach 
Channel,  Charleston  Harbor,  made  in  accordance  with  instructions  received  July  14, 
1877. 

Current  observations  were  taken  in  Beach  Channel,  Swash  Channel,  near  Fort 
Snmt-er,  and  above  or  west  of  the  jetty,  to  determine  the  direction  of  the  ebb  and 
flood  currents,  and  the  relative  times  of  ebb  and  flood  slack  water.  Observations  were 
sAho  taken  at  the  same  time  on  the  tide-gauge,  which  was  placed  on  the  east  side  of 
the  jetty,  about  50  feet  from  it«  outer  end.  to  note  the  state  of  the  tide.  Mean  low- 
water  wa«  determined  on  this  gauge  by  referring  it  to  the  Coast  Survey  bench-mark  on 
tbe  custom-house  steps  in  the  city  of  Charleston. 

The  floats  used  consisted  of  pieces  of  4-inch  by  5-inch  scantling  from  6  to  8  feet 
long,  weighted  on  one  end  so  as  to  stand  upright,  with  from  4  inches  to  9  inches  above 
the  surface  of  the  water. 

The  following  are  the  results  of  these  observations: 

TIMES  of   ebb   and  FLOOD   SLACK    WATER. 

August  1. 
(Wind.  S.  E..  lijcht;  tide,  neap;  alack  water,  ebb  to  flood.] 

SUtion.  Time.  Height  of  water. 


Middle  of  Beach  Channel,  opposite  Murray's  faonse '  5.51  p.  m . .    3  inchen  above  low- water. 

Tide-gauge 6.40  p.  m . .    Low- water. 

'. I ' 

August  10. 
[Wind,  N.,  veering  to  S.;  tide,  spring:  slack  water,  ebb  to  flood.] 


Station. 


Beach  Channel,  opposite  Murray's  house 

'nAe-gaage 

Otr>etty 

Bwash  Channel,  opposite  Murray's,  with  Fort  Johnson  wharf 
Jntt  clearing  Fort  Sumter  on  the  south. 


1.50  p.  m. 
2.10  p.  m. 
2.50  p.  m. 
3.15  p.  m. 


Height  of  water. 


1  inch  above  low- water. 

Low-water. 

24  inches  above  low- water. 

6  inches  above  low- water. 
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AMgm*t  14. 
'Win«i  N    E     t.-i*-   n*'ap     •lark  wav-r    fr'-n:  »-Kb  t.   l!'-*i 


r»tat*<'a. 


Tii.i»-- 


Ihrv-  Ti'  r  if  car- 


IVa*  h  <^'h.4Mi«-l.  «»j,f-,rfit#-  Mnrr^v  -    

]>  vi'  h  r  ii.ii.i-'  i.  <>]  ;  •  -.T«    St.  ;;  ;,..  \  t-r  » 

lU'ikt  h  (  }':thfi»  \    «.j.]->-:T»-  >I<  N'il'\   -      

i>-ii<  h  <  ti^nifi.  -V^J  _\arfli»  e-iAt  ol  Motion  ('  on  «  ban   .. 

'I'A'   ]^A\i2*-      

Oil  j«  tt;, .  .>^  f»-«-t  oii  lirif-  of  oorth  fr«>nt  of  Fort  Mooitne.  . 


'  '  J  p.  m . 
»-    •    p    m. 

f-  I'  j».  ni 
r'.l'  p.  m. 
6  :_•"  p.  a». 
«i .07  p.  m. 


E 
E 
E 
E 


W. 
W. 
W 
W. 


.>-  E-  bv  E X.  W.  bv  W. 


August  !.'>. 


.<f.4tioD. 


TiruK 


IHr^tini)  of  «Tir-    I>ir*^ti«»n  of  our  ' 
Tint-?  on  ri«,«<j<L         rmta  t»n  ebb. 


Htriiht  of  water. 


F^ii^h  rb;«nn«'l,  oj>jKf^it»-      l.'J4  p.  m J  inch  above  low- wat«T. 

Murrav  •». 
(;rt  l»-tt%.  on  liij*- <«f  nonh      l.l'  p   ni   .    X.  W.  by  X S   E   >).v  E L«.»w-vrai»'r. 

fionl  of  K'.ri  Miiiiit  i  i»- 

.';<»<)  U-*\  from  out*  i  t  lid 

of  j«  ttv. 

Ti«i»-  u'.«"-*' '  '^"  I'   n- I>»'W"-waT»^r. 

iialf  w.'iv  \fy%i*Xi  r^itMji       l.l<i  ji.  m Low   watt  l. 

uto  buo\  aii«i  Foil  Sum- 

tcr. 
Sw;*«*h  f'hann»l.  >*anu-  a**      l..';o  j).  m. .    w.  by  N E   St'.    1  ii><  h  alcove  b.w-water. 

bffoK". 


August  15. 


[Wind.  S.    Hti«»n;^;  ti<i^,  neap;  sLi*  k  water,  ebb  to  fliv^l.' 


Station. 


Bearh  fhannel,  same 

Tide-Kauj^e 

flff  jetty,  name 

>'ear  Fort  Sumter,  same. . 


Time. 


DiriH'tJon  of  cnr-  ;  Dirfction  of  cnr- 
!     rent»  on  ebb.     I     rents  on  flood. 


Height  of  water. 


6.40  p.  m-.j  E j  W '  I  inch  above  low-water. 

7.15  p.  m..i i ■  Low- water. 

7.50  p.  m..'  E.  by  S W.  by  X ; 

7.50  p.m..  I  I 


Sea  too  high  to  kei'p  a  boat  iu  Swa8b  ChanneL 

August  17. 

[X''o  wind  :  ttde,  neap;  slack  water,  ebb  to  flood.] 


Station. 

Time. 

Direction  of  cur- 
renUt  on  ebb. 

Direction  of  cur- 
rents on  flood. 

Height  of  water. 

Beach  Channel,  same 

7ide-i2auce 

7.45  a.  m  . . 
8.00  a.  m  . . 

E 

W 

1  inch  above  low- water. 
Low- water. 

200   feet   from    Patapsco 
bnoy  toward  Fort  Sum- 
ter. 

Hid  way  in  channel,  be- 
twe<'n     Forts    Siunter 
and  Moultrie. 

8,23  a.  m  .      R  S.  E 

N.  W 

1  ine.h  abovA  low- water- 

8.35  a.  m  . . 

E.  bv  S 

W.  by  X 

2  inches  above  low-water. 

August  17. 

[Wind,  S..  froHh  :  tide,  neap;  alack  water,  flood  to  ebb.] 


Station. 

Time. 

Direction  of  cur- 
rent on  flood. 

Direction  of  cur- 
rent on  ebb. 

Height  of  water. 

Tide-eanee 

2.45  D.  m  . . 

Ix)w-water. 

Ii««a<;h  Channel,  name 

3.20  p.  m  .. 
3.25  p.  m  .. 

W 

E 

1  i  inches  above  low- watar. 
Do. 

Near  Patapsco  buoy,  same  . 

N.W 

S.E.by  E 

APPENDIX   H.  549 

Cnrrent  and  wind  so  strong  could  not  keep  anchored  in  mid-channel  to  take  obser- 
vations. 

The  low-wat«r  mentioned  in  all  of  the  above  observations  is  the  observed  low-water 
for  each  day. 

DIRECTIOXS  OF   TIIK   EBB   .\ND   FLOOD   CURRENTS   THROUGH   BEACH   CHANNEL. 

August  1. 

Slack  water  flood ;  light  S.  E.  wind ;  high-water  on  gauge,  12.20  p.  m. ;  100  feet 
from  end  of  jetty  toward  Fort  Sumter  ebb  began  12.42  p.  m. 

1st  float  started  12.42  p.  m. ;  course  S.  S.  E.  for  500  feet,  afterward  E.  S.  E. ;  1.03 
p.  m.  floats  grounded  on  Drunken  Dick  Shoal,  opposite  flag-staff  on  chart,  half-way 
between  Murray's  hou.se  and  station  B,  in  7  feet  of  water. 

2d  float  started  1.12  p.  m. ;  tide  3^  inches  below  higli-wat«r  on  gauge;  1.1.5  p.  ra. 
opposite  jetty  and  300  feet  from  its  course  S.  8.  E. ;  5(K)  feet  bevond  jetty  changed 
course  to  N.  E. ;  1.20  p.  m.  changed  course  to  N.,  opposite  flag-staft" before  mentioned; 
1.22  p.  m.  crossed  Drunken  Dick  Shoal  to  Beach  Channel ;  1.25  p.  m.  float  in  Beach 
Channel  opposite  Murray's  house. 

3d  float  starteil  1.42  p.  m. ;  tide  9  inches  below  high-water;  1.  45  p.  m.  opposite  jetty 
and  300  feet  distant,  course  S.  S.  E. :  300  feet  S.  E.  of  jetty  changed  coui'se  to  N.  E. ; 
opposite  flag-stafl^  crossed  Drunken  Dick  Shoal,  course  E. 

4th  float  started  2.12  p.  m. ;  tide  1  foot  1^  inches  below  high-water;  2.14  p.  m.  passed 
jetty  same  distance  as  before,  course  same;  2.19  p.  m.  float  crossed  Drunken  Dick 
Shoal  half-way  between  Murray's  and  Steinmeyer's  houses. 

5th  float  started  2.42  p.  m. ;  tide,  1  foot  6J  inches  below  high- water ;  passed  jetty  at 
Hame  distance :  2.44  p.  m.  course  same ;  float  opposite  Steinmeyer's  started  to  cross  to 
Be«ch  Channel ;  water  too  rough  on  shoal  opposite  Steinmeyer's  to  follow  float. 

6th  float  started  3.14  p.  m. ;  tide,  2  feet  below  high-water;  course  of  float  by  jetty, 
8.  E.  by  S. ;  afterward  took  same  direction  as  5th  float. 

7th  float  started  3.42  p.  m. ;  tide,  2  feet  4^  inches  below  high-water;  course  same  as 
last. 

bih  float  started  4.42  p.  m. ;  tide,  3  feet  2^  inches  below  high-water;  course  of  float 
■ame  as  last. 

9th  float  started  .5.12  p.  m.  ;  tide,  3  feet  5^  inches  below  high- water;  course,  same  ; 
low-water  6.40  p.  m. ;  low-water  4  feet  below  high-water. 

August  2. 

Flootl-tide;  light  N.  E.  wind;  neap  tide,  low-water  on  gauge  6.45  a.  m. 

Ist  float  started  mid-channel,  opposite  Steinmeyer's,  8.20  a.  m. ;  height  of  water  on 
gauge,  1  foot  above  low- water ;  tloat  crossed  Drunken  Dick  Shoal  half  way  between 
flag-Htafl'  and  station  B ;  velocity  of  currents  between  points  marked  current  stations 
on  chart,  2.5  feet  per  second. 

2d  float  started  same  place  8.44  a.  m.;  height  of  water,  1  foot  5  inches  above  low- 
water  ;  float  crossed  Drunken  Dick  Shoal  a  little  nearer  the  jetty  than  before;  velocity, 
2.8  feet  per  second. 

3d  float  started  same  place  9.40  a.  m.;  height  of  water,  2  feet  7|  inches  alwve  low- 
water;  float  crossed  Di'unken  Dick  Shoal  still  nearer  jetty;  velocity,  2.8  feet  per 
»ecx)nd. 

4th  float  started  same  place  10.20  a.m.;  height  of  water,  3  feet  5  inches  al>ove  low- 
water;  float  crossed  Drunken  Dick  Shoal  opposite  station  B;  velocity,  2.8  feet  per 
second. 

5th  float  started  same  place  11  a.m.;  height  of  water,  4  feet  above  low-water; 
crossed  Drunken  Dick  Shoal  about  same  plaee ;  velocity,  2.6  feet  per  second. 

6th  float  started  same  place  11.40  a.  m.;  height  of  water,  4  feet  5  inches  above  low- 
water;  grounded  on  Drunken  Dick  Shoal  about  one-fouith  of  the  distance  between 
station  B  and  jetty  from  the  former ;  velocity,  2.4  feet  ]>er  second. 

7th  float  started  same  place  12.20  a.  m.;  hei|;ht  of  water,  4  feet  8^  inches;  passed 
over  jetty  just  outride  of  portion  lowered  during  past  year;  velocity,  2.1  feet  per 
second ;  high-water  on  gauge,  12.45  a.  m.;  ris4»  of  tide,  4  feet  9^  inches. 

The  above  observations  <m  the  floml-tide  form  part  of  a  series  taken  opposite  Stein- 
meyer's house  eYery  20  minutes  through  the  consecutive  tides  for  obtaining  the  rela- 
tive volumes  of  water  passing  through  this  channel  on  the  flood  and  ebb  tides. 

Duration  of  the  flood-tide  7^  20"' ;  duration  of  ebb-tide,  4*^  28" ;  time  of  flood- 
tide  on  gauge,  6**.  The  ttcmd-tide  commenced  2.5*"  before  low-water,  and  ccmtinued 
55™  after  high-water.  Time  of  ebb-tide  on  gauge  for  this  day  was  not  taken.  The 
proportion  obtained  between  the  volumes  of  the  ebb  and  flood  tides  on  this  da^^  was 
1  to  3.  These  observations  were  taken  on  a  single  line  of  the  channel,  the  hue  of 
d*>epest  water  l>eing  selected.     The  maximum  current  on  the  flood  was  2.9  feet  per 
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«e«ond.  Thi?*  wa.H  olifainid  during  its  second  quarttr.  At  the  end  of  thb»  quarter 
the  tide  fitill  had  a  vehK-ity  of  2."*  tVet  i»er  second. 

After  thii»  the  velm'ity  steadily  decivased.  A  velocity  of  1.6  feet  per  second  iras  ob- 
taiuetl  on  the  elib  after  the  tide  ha4l  fallen  10  iuche?,,  or  during  the  tii>t  quarter.  The 
niaxiiiiiiiii  vehnity.  1.'55  feet  i»er  Mcoud,  wa>  obtained  40^  later,  when  th«*  tide  bad 
fallen  1  fcjot  6  inehe».  At  hall-tide,  or  when  the  water  had  fallen  ii  feet  5  inches  be- 
low high-water,  this  vebM-ity  wa«»  red)n»Ml  to  0.«  fiwit  jK*r  MH-<ind. 

Other  oLmtn  at  ions  on  the  jIimmI  euiTent  were  taken  Augnst  14.  at  diftVn-nt  points  of 
Beach  Channel.  A  brisk  sf)nthea>t  winrl  was  blowing  at  the  time,  with  a  heavy  sea 
breaking  over  Dninken  Dick  .Slmal.     Time.  alMint  half-tide. 

1st.  Middle  of  B«-ach  C'banuel  nn  Sullivan's  Island  range  lights:  direction  of  cur- 
rent toward  lowered  |K»rti«»n  (»f  jetty. 

Ud.  OpiH»site  Mniray'.s:  tlireclion  of  cunent  toward  ojiening  between  Dniuken  Dick 
8boaI  and  jetty.  • 

iM.  OpiM>sile  .Sleinmeyer's;  direction  of  current  towanl  west  end  of  Drunken  Dick 
81u»al. 

4th.  Ojqiosite  McNulty's;  direction  of  current  toward  Drunken  Dick  Shoal,  oppo- 
site station  B. 

.5th.  Op]K»site  station  C;  direction  of  current  toward  Dninken  Dick  Shoal,  opposite 
M  urray'K. 

6th.  At  s«'a-b!ioy  of  channel:  direction  of  current  toward  Drunken  Dick  Shoal,  op- 
posite Steinmeyer's. 

It  was  als<^>  obs«'rved  during  the  first  quarter  of  the  fl<HMl-tide  that  the  current  pass- 
ing between  Drunken  Di«k  Shf»al  and  the  end  of  the  jetty  was  directed  toward  Fort 
8iimter,  with  a  slight  eddy  on  the  west  side  of  the  jetty.  Later  its  direction  was 
west  by  north,  and  the  eddy  to  the  west  of  the  jetty  was  increased  till  about  half-tide, 
when  it  wju*  ilecreased  by  the  flow  of  the  water  over  the  lowered  jwrtion  of  the  jetty. 

After  the  lii-st  quarter  of  the  ebb,  the  cun*ent  iK'canie  ver>-  rapi<l  and  stnmg  around 
the  end  of  the  jetty  and  Drunken  Dick  Shoal.  At  a  distan<e  of  from  50  to  75  feet 
from  the  end  of  the  jetty,  this  cuiTcnt  is  divided.  That  jiortion  nearest  the  jetty 
pasM's  inside  the  shoal  and  forms  an  (*ddy  in  the  rear  of  the  former,  while  that  portion 
iM*yond  this  distance  passes  to  the  s4Mith  of  the  shoal. 

These  strong  currents  continued  till  near  low-water. 

It  was  also  observed  that  during  the  last  half  of  the  ebb  and  first  half  of  the  fLood 
th«*re  was  so  strong  a  current  passing  over  the  shoal  in  iVont  t»f  Steinmeyer's  that 
even  during  cahn  weather  the  water  at  this  point  was  very  n>ugh.  The  ciurent  ou 
the  ebb-tide  ajqieared  to  be  the  stnmger  (d*  the  two. 

COXCIXSIONS. 

From  the  foregoing  observations  the  following  conclusions  are  drawn  : 

1st.  That  the  portion  of  the  11o<mI  current  in  Beach  Channel  from  opposite  Stein- 
meyer's house  to  the  jetty,  which  exists  before  low-water  and  continues  after  high- 
water,  is  the  result  of  an  ed<ly.  caused  by  the  ebb  cunent,  passing  along  the  head  of 
Drunken  Dick  Shoal  ami  the  end  of  the  jettv. 

2d.  That  the  flo<Ml-tide  entei>  Beach  Channel  beftuc  it  dms  the  Swash  Channel,  and 
that  in  passing  through  Beach  Channel  a  large  portion  of  it  es(a]»es  across  Drunken 
Dick  Shoal,  from  o]»j»osite  Steinmeyer's  to  the  western  end  of  the  shoal.  The  genenil 
direction  of  the  current  of  this  ti<le  is  toward  Fort  Sumter,  near  which  the  obser\'a- 
tions  show  that  the  flood  current  is  felt  before  it  ajjpears  in  the  Swash  Channel. 

Further  observations  may  show  that  the  direction  of  this  current  near  Fort  Sum- 
ter is  partially  due  to  an  eddy  created  by  the  foil  and  the  shoal  about  it, 

3d.  That  the  greater  portion  of  the  ebb  which  i>asses  along  the  shore  of  Sullivan's 
Island  is  deflected  by  the  jetty  outside  of  Dnnikeu  Dick  Shoal,  and  that  a  large  pro- 
l-oition  of  the  deflected  ebb  crosses  this  shoal  into  Beach  Channel  Ix-tweeu  its  western 
<'nd  and  op]M»site  Steinmeyer's  Iioum*. 

From  these  conclusions  it  will  at  once  be  seen  that  the  narrow  channel  fix>m  opi>o- 
siti*  Steinmeyer's  house  to  the  jetty  is  the  result  of  the  escajic  of  the  large  jioi-tion  of 
both  the  flood  and  ebl)  tides  acrijss  Drunken  Dick  Shoal  from  this  point  to  the  jetty, 
and  that  any  project  looking  to  the  improvement  of  this  chaunel  must  contemplate 
confining  these  tidal  currents  to  the  Beach  Channel  throughout  its  extent. 

The  narrowest  part  of  this  channel  is  at  the  extreme  westem  en<l  of  the  shoal,  where 
it  is  now  but  75  feet  wide  between  the  9-fect  ciuves  where  a  little  more  than  a  ycjir 
ago  it  was  200  feet  wide  and  13  feet  deep  and  agaiu  in  June  last  it  was  reported  to  Iw 
J 4  feet  at  low- water. 

This  diminution  of  width  is  the  result  of  the  movement  of  Drunken  Dick  Shoal,  while 
the  shoaling  has  undoubtedly  been  influenced  greatly  by  the  southeast  winds  which 
clause  a  heavy  sea  to  break  along  the  crest  of  Drunken  Dick. 

At  or  near  high- water  these  seas  often  pass  entirely  over  this  shoal  and  break  upon 
the  beach  beyond.  *  ' 
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South  and  southeaHterly  winds  have  provailod  in  a  j2;r«'nt  deojive  since  July  1. 

It  was  intended  to  ascertain  what  a<ti<>n,  if  any,  tlie  woterly  win4ls  Innl  on  the  cur- 
rents ahcMit  the  head  of  the  jetty,  but  during  the  time  taken  for  the  survey  tliere  wei*e 
none  of  sufficient  strenjfth  to  have  any  effect. 

To  confine  the  tidal  cunents*  passing  through  the  outer  or  sea  end  of  Beach  Channel, 
or  such  portion  of  them  as  will  give  an  available  channel  for  commerce  throughout  its 
extent,  it  will  be  necessary,  in  my  estinnition,  t-o  use  some  artificial  means  in  connection 
with  dredging  to  deflect  the  ebb-tide  which  now  passes  to  the  south  of  the  head  of 
Drunken  Dick,  and  afterward  crosses  this  shoal,  into  Beach  Channel. 

The  action  of  this  current  w^ould  be  to  give  an  increas*^d  channel-way  through  what 
is  now  the  shoalest  and  narrowest  portion  of  the  channel  by  removing  the  bulk-head 
now  formed  by  the  flood-tide  near  the  jetty.  The  removal  of  this  bulk-head  would 
»lso  increaije  the  flow  of  the  flood  current  through  this  portion  of  the  <'hannel. 

For  this  puqiose  I  wouhl  respectfully  suggest  a  jetty  made  of  palmetto  cribs  proj)- 
-erly  weightvd  with  stone  l)allast. 

The  outer  or  western  portion  of  this  jetty  should  extend  from  the  south  side  of  the 
west4»m  end  of  Dnmken  Dick  Shoal  to  the  submerged  outer  end  of  the  Bowman  jetty. 

The  outer  end  in  this  way  would  be  protected,  in  a  great  measure,  from  the  under- 
mining iufluen(M38  of  the  ed<ly  currents  on  the  el>b  and  flood  tides. 

This  would  give  an  opening  between  the  two  jetties  of  5(.K)  feet  in  width. 

The  length  and  direction  of  the  eastern  portion  of  this  jetty  should  be  determined 
by  the  results  obtained  from  the  construction  of  its  western  end. 

In  this  manner  I  believe  the  whole  of  the  western  end  of  Drunken  Dick  Shoal  could 
he^  removed  and  a  constant  channel  of  suthcient  size  obtained,  without  endangering 
the  channel  by  an  increase  of  flow  on  the  ebb  beyond  what  there  is  at  present  through 
itfl  eastern  end. 

This  jetty  would  also  break  the  force  of  the  southeast  seas,  which  now  tend  to  fill 
up  this  channel. 

Soundings  taken  from  op])osite  station  C  to  the  sea-buoy  of  Beach  Channel,  and 
from  there  to  deep  water  in  a  southeasterly  direction,  show  the  same  depth  of  water  as 
given  on  the  Coast  Survey  chart  of  1870. 

For  the  protection  of  the  jetty  I  would  also  suggest  the  construction  of  short  per- 
pendicular wings  at  intervals  along  its  sides  to  create  eddies  and  cause  a  deposit  of 
«and  at  iti^  base. 

The  further  lowering  of  the  Bowman  jetty  to  16  feet,  mean  low-water,  seems  to  me 
to  be  inadvisable,  as  the  action  of  the  currents  has  already  caused  the  western  end  of 
Drunken  Dick  Shoal  to  move  to  the  north  as  fast  as  the  jettv  was  lowered,  and  it  is 
probable  that  this  would  continue  should  a  greater  portion  of  the  jetty  be  lowered. 
Very  respectfully,  your  obedient  servant. 


Lieut.  Col.  Q.  A.  Gillmore, 

Corpti  of  Entfhteertt^  V.  S.  A. 


J  AS.  C.  Post, 
Captain  EngitteerH. 


commercial  statistics. 

Charleston  Chamber  of  Commerce, 

Charleston^  iS.  C,  June  12,  1878. 

Sir  :  In  reply  to  your  connnnnication  of  the  27th  ultimo,  with  copy  of  the  a<'t  of 
Congress  approved  July  27,  18G8,  and  reciuesting  such  infonnation  as  I  can  snpi>ly, 
t^^nding  to  snow  to  what  extent  the  general  conunerce  of  the  country  will  be  promoted 
by  the  contemxdated  works  of  improvement  at  the  entrance  of  this  harbor,  with  a 
view  to  answer  the  re<iuirements  of  said  act,  I  beg  leave  to  say  that  it  may  safely  be 
aj^snmed  that  whatever  tends  to  advance  the  commercial  interests  an«l  prosperity  of 
the  port  of  Charleston  increases  the  resources  and  revenue  of  the  country,  t^^ntls  to 
the  promotion  of  the  general  goml,  and  subs^-rves  the  commercial  and  navigation  in- 
terests of  the  United  States. 

The  large  veste<l  interests  of  the  citizens  of  Charleston  in  whar\'es,  warehouses, 
banks,  railroads,  and  other  pro]»erty,  contingent  and  dependent  U]>on  the  commerce  of 
that  port,  requires  the  same  protection  as  is  ^iven  by  government  to  other  cities,  through 
works  of  improvement  to  tlieir  harlKU-s,  whereby  large  vessi'ls  suited  to  her  trade  can 
-enter  and  deoart  in-safety. 

A  greater  nepth  of  water  is  required  over  the  bar  at  this  harbor  to  admit  the  largest 
class  of  merchant  steamers  and  sailing-vessels  to  load  with  heavy  cargoes  of  cotton, 
naval  stores,  phosphate  rock,  as  well  as  grain  and  other  produce  of  the  Western  States, 
€or  Europe.  Vessels  of  a  larger  class  and  drawing  more  water  than  can  now  enter 
the  port  are  required  for  the  triwie,  and  such  vessels  can  be  sailed  with  greater  econom  j 
in  proportion  to  their  tonnage,  than  smaller  vessel*. 
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Deep  wat^r,  such  as  is  required  at  Charleston,  is  regarded  as  a  commercial  necessity. 
Unless  it  he  secured  here,  and  at  other  ports  requiring  like  assistance,  efforts  will  l»e 
made  to  huild  up  new  ports  which  have  no  claim  or  advantage  except  depth  of  water. 
About  130,000,000  are  invested  in  Charleston  for  the  accommodation  of  trade  and  com- 
merce. This  will  be  promoted  and  enhanced  in  value  if  the  pro])osed  works  l>e  carried 
out.  If  not,  it  win  be  impaired  in  value,  and  many  millions  of  doUare  ^^ill  be  needed 
to  give  new  port«  the  facilities  Charleston  already  possesses.  In  other  words,  the  ex- 
penditure of  h*s8  than  $2,000,000  will  save  ^W,(HK>.<K)0  now  in  existence,  and  avoid  the 
supposed  necessity  to  invest  many  more  in  wharves,  warehouses,  &c.,  at  some  deeii- 
water  port. 

The  report  of  the  United  States  Board  of  Engineers  upon  the  project  of  General 
Gillmore  for  the  permanent  improvement  of  the  ship-channei  at  the  entrance  of  Charles- 
ton Harbor,  and  in  which  report-  General  Humpnreys,  the  Chief  of  Engineers,  fully 
concurs,  sets  forth  "that  the  channel  over  the  bur  can  be  improved  to  a  probable  depth 
of  21  feet  at  mean  low-water  by  the  use  of  jetties  submerged  in  whole  or  in  jiart." 
The  greatiist  depth  of  water  over  the  deepest  channel  into  the  harbor  is  from  12  to  13 
feet  at  mean  low  tide,  and  the  proposed  impn)vement,  which  is  deemed  entirely  ])ra«- 
ticable  by  the  highest  engiueenng  authority,  both  civil  and  military,  will  enable  ship* 
drawing  25  to  26  feet  of  water  to  cross  the  bar  in  perfect  safety  at  ordinary  high  titles. 
This  depth  of  water  is  all  that  is  required  to  iuKure  to  Charleston  those  advantages  of 
trade  and  commerce  to  which  her  geographical  position  entitles  her,  and  which  her 
present  want«  and  future  prospects  seem  to  demjuid. 

We  are  not  envious  of  our  sister  cities  of  the  South  or  elsewhere ;  we  are  glad  to 
see  them  prosper,  and  ccmgratulate  them  on  their  entertirise  and  influence  in  the 
national  councils,  but  the  records  of  Cougresw  will  show  how  much  the  commercial 
interests  of  this  city  and  of  the  country  naturally  tributary  to  it  have  been  neglected 
by  the  general  government.  The  State  of  South  Carolina  has  expended  $200,0<K)  for 
the  improvement  of  Charleston  Harbor^  being  more  than  has  been  appropriate<l  by  the 
general  government  for  that  purpose  since  the  ado])tiou  of  the  Federal  Constitution, 
not  one  dollar  of  which  has  been  refunded  to  the  State.  The  city  of  Charleston  has 
also  expended  from  its  treasury  over  $25,000  for  the  same  purpose,  without  any  return 
from  government. 

The  proposed  improvements  to  Charleston  Harbor  would  give  to  the  country  an 
Atlantic  port  easy  of  a<'cess,  amplv  commodious,  and  jierfectly  safe  for  shii>ping  in  time 
of  peace,  and  equally  easy  of  aefense  in  time  of  war  against  the  greatest  maritime 
powers, 

I  would  further  state  that  bv  a  railroad  now  under  constmction  our  svstem  of  rail- 
roads  will  soon  be  more  closely  connected  with  that  of  the  West  and  Northwest,  and 
will  offer  to  the  grain-growers  of  that  section  the  shortest,  cheapest,  and  most  reliable 
route  by  which  to  send  their  productions  to  European,  South  American,  and  West 
Indian  markets.  This  rout'C  will  shorten  the  distance  from  Cincinnati  to  the  Atlantic 
by  about  200  miles.  It  will  cost  less  to  construct  than  any  other  roa<l  crossing  the 
Blue  Ridge  and  Alleghanies,  and  will  thrcfughout  most  of  its  length  be  free  from  the 
obstructions  wliich  in  winter  cause  so  much  annoyance,  delay,  and  expense  over  roads 
leading  to  more  northern  cities.  It  needs  but  the  assurance  of  deep  water  on  our  bar 
to  insure  the  speedy  completion  of  this  route,  which  has  another  strong  claim  on  the 
fostering  care  of  the  general  government,  which  is,  that  in  the  event  of  war  with  any 
of  the  great  powers  of  Euroiw  it  would  offer  a  perfectly  secure  and  direct  line  of  com- 
munication between  the  Northwest,  South,  and  Soutlieast,  protected  as  it  would  be 
by  impassable  mountain  ranges  through  the  greater  part  of  its  course. 

It  was  mainly  from  a  knowledge  of  the  advantages  to  result  t«  Charleston  and  the 
country  at  large  that  the  Chamber  of  Commerce  in  ^larch,  1828,  through  its  conunittee 
of  inquiry,  reported  in  favor  of  the  construction  of  the  present  South  Carolina  Kail- 
road,  with  a  view  to  other  railroad  extensions  to  the  West.  In  the  same  year,  upon  ap])li- 
cation  to  the  United  States  EnginiM»r  Department,  Col.  Willi jtm  Howard,  United  States 
civil  engineer,  with  a  competent  corps  of  assistants,  was  detached  to  examine  and  report 
upon  the  proposed  railroad.  In  January,  1829,  Colonel  Howard  made  his  i»reliniinary 
report,  in  which  he  urges  '^  the  benetits  to  result  from  the  extension  of  this  road  to  the 
Tennessee  River,  and  through  it  to  the  fertile  regions  of  the  West."  This  extension, 
he  continues,  should  be  kept  steadily  in  view  to  its  ultimate  accomplishment ;  and 
further,  that  the  amount  of  trade  will  serve  **  to  animate  the  district  of  country  through 
which  the  road  will  pass,  and  restore  the  comm«?rcial  capital  of  the  State  to  tar  more 
than  its  former  prosperity." 

There  wfis  a  period  in  the  early  part  of  this  century  when  Charleston  was  one  of 
the  largest  commercial  cities  of  the  Ihiion,  equaling  or  surjiasMing  in  population  and 
the  vJilue  of  her  exports  nearly  all  of  the  Atlantii-  and  Gulf  ports.  At  that  ]>erio(l  the 
vessels  engaged  in  the  fon^ign  ami  coastwise  trade  of  the  country  wereof  li«;ht  draught, 
and  the  depth  of  water  over  our  bar  was  amplv  sulhcient  to*  admit  the  largest  mer- 
chantmen of  the  times. 
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In  later  years,  when  vessels  of  greater  size  and  draught  of  water  were  hnilt,  those 
ports  whose  harbors  were  unobstructed  by  shoals,  or  which  have  been  improved  by 
government  expenditure,  and  could  admit  this  larger  class  of  vessels,  drew  off  a  great 
part  of  the  export  trade  which  should  have  come  to  Charleston,  and  have  been  in  that 
way  built  up  partly  at  our  expense.  We  cannot  hope  to  recover  all  of  this  lost  trade, 
but  we  ask  only  in  justice  to  be  placed  upon  a  fairer  footing  with  our  competitors  by 
reasonable  harbor  improvements,  so  that  in  the  future  we  may  hold  our  own  and  share 
in  the  natural  increase  of  the  commerce  of  the  country. 

I  have  the  honor  to  be,  very  respectfullv,  your  obedient  servant, 

S.  Y.    TUPPER, 

President  CJiarhston  Chamber  of  Commerce. 

Bvt.  Maj.  Gen.  Q.  A.  Gillmore, 

Lieutenant-Colonel  of  Engineers,  U.  S.  A. 

Entrances  and  cUarances  of  nnseU  at  the  cuHtom-house,  port  of  Charleston,  S.  C,  from  1873 

to  1877  inclusive. 

VKSBELS  EXTEKKU. 


CoaetwiMe. 

American  veswls 
from  foreign  portH. 

Foivijm  ve88«»l8  from 
foreign  ports. 

Total. 
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1873 
1874 
1875 
1876 
1877 

463 
510 
504 
471 
400 

349,602 
372,  378 
382,  018 
340,439 
324, 919 

10,  245 
11,467 
11,649 
10,113 
9,885 

57 
45 
38 
44 
32 

13,067 
11.484 
13,144 
11,898 
13,972 

414 
355 
326 
335 
308 

80 
174 
198 
224 
236 

34.973 

77.940 

88.879 

101.  272 

105,  480 

1,015 
2,198 
2,404 
2,7f>8 
2,851 

600 
729 
740 
739 
668 

397,642 
461,  802 
484.041 
453,609 
444,371 

11.674 
14,  020 
14,  379 
1^.  216 
13,044 

VKBeSLS  CLKAUED. 


1873 

1874 
1875 
1876 
1877 

400 
409 
461 
431 
335 

290,950 
318,  619 
328,266 

278,744 
234,429 

9,189 

10, 148 

10,  830 

9,095 

7,719 

56 
52 
57 
60 
35 

17,678 
18,236 
24,679 
23,598 
22,767 

481 
473 
555 
546 
423 

97 
192 
211 
230 
250 

47,  822 

84,  205 

94,  595 

103.  276 

108,  446 

1,250 
2.  3:^5 
2,  527 
2,812 
2,910 

5.53 
653 
729 
721 
620 

356, 4.50 
421,060 
447,540 
405,  618 
365,662 

10,920 
12, 9.56 
13, 912 
12,  4.53 
11,  052 

Y 

ear. 

• 

Value  of  ex- 
ports. 

Value  of 
imports. 

Import  duties 
collected. 

18f73 

$14.  350,  041 

17.  900, 146 
19.  655, 966 

18.  088. 152 
16  917.  492 

$746, 1.39 
803,  573 
680,  343 
45.5,  562 
161,  237 

$152, 7.59 

1874 

164,107 

1875 

80,656 

1876 

89,168 

1877 

46.848 

•The  above  only  exhibits  the  number  of  vessels  in  tlie  tiMistwiHe  trade  that  are  rf^quinnl  by  law  to 
enter  and  clear  at  the  on »t'»m-house.  A  large  number  of  vessels  arrive  and  depart  which  are  not 
required  to  so  enter  and  clear. 


special  report  on  permanent  improvement  of  the  channel  of 
entrance  into  charleston  harbor,  south  carolina. 

Office  of  the  Chief  of  Engineers, 

Wmhington,  D.  C,  May  3,  1878. 

Sm :  I  beg  leave  to  return  herewith  the  resoUition  of  the  Senate  of 
the  25th  April,  1878,  viz— 

That  the  Secretary  of  War  be  requefited  to  commnnicate  to  the  Senate  any  informa- 
tion in  his  deiiartment  conceniing  the  i)rartiral»ility  and  cost  of  constructing  pcnna- 
nent  works  of  improvement  for  the  ship-channel  at  the  entrance  into  the  harbor  of 
Charleston,  South  Carolina — 

referred  to  this  office  for  report,  and,  in  compliance  therewith,  to  submit 
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the  inelosecl  copy  of  a  reiK)rt  on  the  suhjeot  I'eceiitly  refeive^l  from  Lieut. 
Ool.  Q.  A.  Gillinore,  Coiqis  of  Eii^neers,  in  which  a  ]>it>jeet  for  the  per- 
manent improvement  of  the  channel  of  entrance  hito  Charleston  Harbor 
by  means  of  low  jetties,  with  a  general  estimate  of  their  probable  cost, 
is  presented. 

A  copy  of  the  preliminary  report  of  the  Board  of  Engineers  to  whom 
his  project  was  refeired  for  consideration  is  also  submitted. 

I  concur  in  the  views  of  the  Board — 

That  the  channel  over  tlie  bar  can  >>e  improved  to  a  prol)ahle  depth  at  mean  low- 
water  of  21  feet  by  the  ns**  of  jettit*s.  submerged  in  whole  or  in  ]>art.  and  by  a  mode 
of  construction  ver>'  grailual  in  its  jirogress,  which  will  admit  of  such  modifications 
in  the  lengths  and  lieights  of  the  jetties  as  exiKjrieuce  shaU  dictate. 

I  ftirther  concur  in  the  view — 

That  the  project  atlopted  should  disturb  to  the  least  possible  dtgree  the  present 
regimen  of  inilux  and  ettiux  over  the  bar. 

The  Board  rei)ort«  that  the  estimated  cost  of  the  proposed  improve- 
ment will  vary,  according  to  the  extent  of  the  pi-oject  which  may  be 
adopted,  from  $1,80(),(KM)  to  $;3,()00,(MX). 

Lieutenant-Colonel  Gillmoi^  recommends  the  anniml  ai>propriation  of 
about  $500,000  in  four  successive  years,  a  recommendation  in  which  I 
C'oncur. 

Very  resjiectfully,  your  obedient  servant, 

A.  A.  Hl^XPHREVS, 

Brigadier- General  and  Chief  of  Engineers. 

Hon.  Geo.  W.  McCraey, 

Secretary  of  War. 


REPORT    OF    LIEUTENANT-COLONEL    Q.    A.    GILLMORE,    CORPS    OF    EN- 

GINEEKS. 

United  States  Engineer  Office, 

New  York^  March  9, 1878. 

Generax  :  I  have  the  honor  to  submit  a  project,  hereinafter  described, 
for  the  peiinanent  improvement  of  the  channel  of  entrance  into  Charles- 
ton Harbor,  South  Carolina,  by  means  of  low  jetties,  with  a  general  es- 
timate of  their  probable  cost,  accomi>anied  by  tvvo  sheets  of  diniwin^s, 
designated  respectively  as  Plate  1  and  Plate  II. 

THE  CHARLESTON  BAR. 

The  bar  which  stretches  bow-shaped  across  the  entrance  into  Charles- 
ton Harbor,  from  Sullivan's  Island  on  the  north  to  Folly  Island  on  the 
south  side,  ha  s  not  varied  much  in  either  location,  general  dii^ection,  or 
magnitude  within  the  period  covered  by  any  trustworthy  knowledge 
which  we  possess  on  the  subject. 

In  the  year  1852  a  commission,  composed  of  Prof.  A.  D.  Bache,  Super- 
intendent of  the  United  States  Coast  Siu*vey;  Lieutenants  J.  N.  Maffitt, 
M.  F.  Maury,  and  C.  H.  Davis,  United  States  Xa^^;  and  Lieut.  J.  D. 
Kurtz,  United  States  Army,  in  a  report  on  Charleston  Harbor  and  Bar, 
made  with  special  reference  to  works  of  i)ermanent  improvement,  stated 
that  a  comparison  of  the  chart  of  1780,  pul>li8hed  in  Des  Bancs'  Atlantic 
Neptune,  with  those  of  1821,  1825,  and  1851-'52,  "  shows  that  according 
to  the  earliest  records  the  bar  of  Charleston  has  varied  comparatively 
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but  little  in  extent,  direction,  or  in  distance  fii'om  the  mouth  of  the  har- 
bor.^ 

Measured  alon^  its  crest,  or  line  of  least  depths,  the  bar  is  ten  niil(»s 
in  length,  its  noith  end  on  Sullivan's  Island  l>eing  close  up  to  the  en- 
trance or  tliroat  of  the  harbor,  while  its  south  end,  resting  on  Folly 
Island,  is  six  miles  distant  theretrom.  Its  average  width  between  the 
18-foot  curves  is  about  Ij  miles. 

In  many  places  the  highest  points  of  the  bar  are  only  3  to  4  feet  below 
the  level  of  mean  low-water,  although  the  average  depths  along  the 
crest  are  considerably  greater. 

The  main  central  body  of  the  bar,  l\ing  near  due  north  and  south,  is 
nearly  straight  for  a  length  of  over  live  miles,  has  its  crest  parallel  to 
the  main  shore  south  of  the  entrance  and  at  a  mean  cpstance  of  about 
two  miles  fix)m  it,  and  is  not  at  the  present  time,  and,  so  far  a^  we  know, 
never  has  been  traversed  by  practical)le  ship-channels. 

The  noithem  and  southern  extremities  of  the  bar  aie  formed  by  rather 
sharp  curves,  which  connect  the  straight  portion  already  mentioned  with 
the  shore  above  and  below  the  harl)or. 

So  far  as  we  can  now  ascertain  there  appear  never  to  have  been  less 
than  four  nor  more  than  six  ship-channels  across  the  bar  at  any  one 
time.  The  greatest  depth  of  water  has  sometimes  been  found  iu  one 
channel  and  sometimes  in  another,  being  rarely  less  than  12  feet  or 
more  than  13J  feet  at  mean  low  tide. 

The  channels,  whether  four  or  more,  have  always  existed  in  two  groups 
or  clusters,  one  in  the  northern  and  the  other  in  the  southern  curved 
portion  of  the  bar,  and  there  has  always  been  a  deep  and  broad  anchor- 
age inside  the  straight  reach  of  the  bar  abreast  of  Monis  Island. 

This  anchorage,  sometimes  called  the  ^^main  channel"  and  sometimes 
the  "outer  harbor,"  varies  in  width  from  one-third  to  two-thirds  of  a 
mile  between  the  18-foot  curvets,  and  in  maximum  low- water  depths  from 
20  to  45  feet.  The  direction  of  it«  central  line  is  about  north  and  south, 
and  its  length  from  the  throat  of  the  harbor  between  Morris  and  Sulli- 
Tan's  Islands  to  its  southern  terminus,  where  it  spreads  out  in  various 
channels  and  shoals  in  crossing  the  bar,  is  fully  five  miles.  At  the 
extremities  of  this  outer  harl)or  or  basin,  several  miles  apart,  are  found 
the  two  groups  of  channels  already  mentione<l,  the  most  northerly  groui) 
being  directly  in  front  of  the  gorge  of  the  harbor. 

The  bar  is  essentially  a  drift-and-wave  bar,  produced  in  part  by  the 
upheaving  action  of  the  waves  when  they  approach  the  shore,  and  are 
converted  by  breaking  into  waves  of  translation,  and  in  part  by  drift- 
material  carried  along  the  coast  by  surf-cui'i*ents,  especially  by  those 
produced  by  northea<^t  storms.  The  peculiar  location  of  the  bar,  largely 
to  the  southward  of  the  goige  of  the  harbor,  and  the  conditions  under 
which  a  very  large  proportion  of  the  el>b-flow  is  diverted  from  its  most 
direct  path,  and  forced  to  skirt  the  main  coast  for  several  miles  befoie 
it  can  find  a  passage  to  the  sea,  indicate  the  controlling  power  of  these 
storms. 

The  material  composing  the  surface  of  the  bar  closely  resembles  that 
usually  found  on  the  sea -shore  between  high  and  low  water  in  that  sec- 
tion of  the  country,  being  shells  and  fragments  of  shells,  or  siliceous  sand, 
or  a  mixture  of  them  all.  It  is  easily  thrown  into  suspension  by  waves, 
and  is  moved  by  a  moderate  current. 

On  the  north  end  of  the  bar  five  borings  were  made  in  order  to  deter- 
mine the  character  of  the  substrata.  The  points  selected  for  boring, 
and  the  resiUts  obtained,  are  indicated  on  the  accompanying  drawings. 
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It  will  be  seen  that  below  the  surface  there  are  some  layers  or  Inmps 
of  mad<,  SLH  well  as  of  mod  mixed  with  sand,  and  mad  mixed  with  shells. 

All  the  channels  which  traverse  the  bar  are,  and,  so  far  as  we  know, 
always  have  l>een,  ebb-tide  channels,  priKluced  and  maintained  by  the 
scour  of  the  ebb-current,  except  Beach  (formerly  Maffitt's)  Channel,  the 
most  northerlv  of  them  all,  which  lies  close  to  Sullivan's  Island.  Tliis 
is  a  flood-tide  channel,  possessing  the  usual  characteristic  of  such  chan- 
nels, that  their  least  depths  are  always  found  near  their  inner  ends 
and  therefore  in  comparatively  quiet  water.  Another  distinguishing 
feature  of  such  channels  is  that  firom  the  cross-section  of  shoalest  sound- 
ings inward,  toward  the  harbor,  the  descent  into  deep  water  is  sharp  and 
sudden,  while  outward,  toward  the  o<'ean,  it  is  gradual  and  gentle. 

The  North  or  Cumberland  Channel  at  the  entrance  into  Cumber- 
land S<mnd,  Georgia,  and  the  Coney  Island  Channel  of  Xew  York  Harlwr 
are  of  the  same  character. 

In  speaking  of  the  preponderance  of  the  flood  over  the  ebb  in  Cuml>er- 
land  <.'haiinel,  in  my  rei>ort  on  the  jetty  system  as  applied  to  the  entrance 
into  Cimil>erland  Sound,  Georgia,  submitted  April  15,  1876, 1  say : 

The  eflV'ot  is  to  make  the  inner  Hlope  of  this  part  of  the  Imr  very  steep:  the  san«l 
which  ifl  rolled  along  by  the  flcKMl-einTeut  on  the  lK»ttom  of  the  outer  slope  i»  first 
hroght  to  rest  in  the  deep  water  of  the  inner  ba.'^in.  The  ensuing:  ebb-eurreut.  which 
receives  it*«  velocity  and  direction  from  the  larjje  volume  of  Cumberland  Sound.  sweej« 
the  inner  Hlope  of  the  nothem  shoals  hmptudinally,  and  takes  up  this  Hand  and  car- 
ries it  out  by  the  Amelia  Basin,  depositing  it  upon  the  main  bar.  The  channel  next  to 
Cumberland  Island  is  therefore  a  fioiKl-tide  channel,  like  the  Sullivan's  Island  or  Beach 
Channel  in  Charleston  Harbor.  They  both  possess  in  a  marked  degree  the  steep  inner 
slope  which  invariably  characterizes  a  channel  maintained  by  the  dood-tide,  which 
having  once  passed  in  is  so  much  diverted  in  its  direction  on  the  ebb.  by' the  axial  line 
of  the  tidal  basin,  that  it  cannot  flow  out  in  full  volume  through  the  same  opening, 
but  sweeps  past  its  mouth  in  its  passage  to  some  more  direct  outlet. 

Beach  Channel  was  gauged  during  the  months  of  May  and  June,  1876, 
when  it  wa«  found  that  on  a  section  taken  500  yards  east  of  the  inner 
end  of  the  channel,  at  the  Bowman  jetty,  the  volume  flowing  out  during 
an  entire  ebb  between  the  low-water  line  on  Sullivan's  Island  and  the 
5-foot  cur\'e  on  Drunken  Dick  Shoal,  amounted  to  only  48.8  per  cent 
of  the  volume  flowing  in  during  an  entire  flood  through  the  same  section. 

On  a  section  taken  930  yards  east  of  the  Bowman  jetty,  between  the 
low-water  line  on  Sullivan's  Island  and  the  10-foot  cur\'e  on  Drunken 
Dick,  the  volume  of  ebb  amounted  to  52i  per  cent,  of  the  flooii. 

The  following  table  shows  the  mean  low- water  depths  in  the  several 
channels  across  the  Charleston  Bar  since  1821,  t^iken  from  Coast  Survey 
charts  and  other  sources  of  information  at  command.  Within  that 
l>eriod  Beach  Channel  has  not  changed  at  all  in  location  or  diit?ctioii, 
except  very  slighly  at  the  **  bulkhead,"  due  to  the  shortening  of  the 
jetty.  From  1850  to  1870  there  was  verj'  little  change  in  either  the  gen- 
eral direi'tion  or  position  of  the  North  or  Swash  Channels.  Between 
IH^iO  and  1870  both  the  Pumpkin  Hill  Channel  and  the  main  ship-chan- 
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nel  moved  al>out  hall'  a  luile  to  the  southward,  and  the  Lawford  Channel 
disappeai-ed  entirely. 
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t  Under  direction  of  Li«'ut.  Col.  Q.  A.  (Jiluior*^,  United  States  EneineevH. 
XoTK. — In  Fcbnnu  y,  1H7.5,  there  wa.-t  a  narrow  channel  in  Bea4h  Channel  of  14  fc<  t  d(  i)th  at  ukuu  low 
watei-,  with  11-foot  lumps. 

CAPACITY   OF  THE   TIDAL  BASIN. 


The  area  of  the  tidal  basin  formed  by  Charleston  Harlwr,  as  computed 
from  the  Coast  Survey  chart  and  Mills's  Atlas  of  South  Carolina,  is 
about  15  square  mile.s.  This  area  is  assumed  to  be  tilled  during  each 
mean  flood-tide  by  a  layer  or  x>nsm  of  water  5.1  feet  in  height  above  the 
mean  low-water  level.  In  addition  to  this  the  adjacent  reaches  of  the 
tributary  rivers  will  be  filled  above  their  low- water  stage  by  flood  and 
back  waters,  which  at  the  i)eriod  of  slack-water  flood  will  form  in  each 
stream  a  wedge-shaped  mass  resting  on  the  sloping  low-water  line  of 
the  river,  and  extending  up  to  a  point  where  the  influence  of  the  tidal 
wave  ceases  to  produce  a  rise  and  fall  of  the  siu'face  of  the  water.  The 
lower  portions  of  these  wedge-shaped  masses  will  flow  out  through  the 
gorge  of  the  harbor  on  each  ebb-tide. 

From  these  data  it  is  estimated  that  the  average  discharge  through 
the  throat  of  the  harbor  between  Sullivan's  and  Morris  Islands,  on  each 
ebb  during  the  period  of  mean  rise  and  fiall  of  tides,  amounts  to  a  little 
over  3,655^443,686  cubic  feet.  Of  this  volume  only  about  76,571,000 
cubic  feet  is  suppUed  by  the  land  drainage,  on  the  assumption  that  one-, 
half  the  rain-fall  reaches  the  sea.  This  estimate  is  believed  to  be  not 
too  large,  in  view  of  the  fact  that  the  streams  are  short  and  in  close 
proximity  to  the  x)oints  of  discharge. 

For  two  or  three  days  during  the  period  of  spring-tides,  the  average 
ebb-discharge  will  be  augmented  to  about  4,228,846,000  cubic  feet. 

The  neap  discharges,  being  in  smaller  volumes  than  those  pertaining 
to  mean  tides,  require  no  special  mention,  as  any  temporary  decrease  of 
scouring  x>ower  in  the  new  channel  beyond  the  jetties  resulting  there- 
from would  be  of  short. duration.  Even  if  slight  shoaling  ensued  during 
this  period,  the  maximum  depths  established  by  mean  and  spring  tides 
would  be  restored  on  the  return  of  these  tides. 

The  mean  duration  of  the  ebb-flow  is  taken  at  6  hoiu*s,  that  l)eing  the, 
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average  of  a  number  of  observations  taken  by  Civil  Assistiint  George 
J)aul)eny,  in  1870  and  1871,  the  Ion ge.st  flow  being  0**  20",  and  the  .short- 
est 5*»  L*5". 

The  average  ebb-discharge  per  second  through  the  gorge  of  the  harbor 
during  the  periml  of  mean  rise  and  fall  of  tides  is  thei'efore  169,233  cubic 
feet  (3^YtVoV^~)?^^'^^^^^^^'^^^^^^^  peri(Kl  of  sju'ing-tides  195,780  cubic  feet 
(-"  ViV/o'^^)?  ^^^^  average  rise  and  fall  at  ordinaiy  spring- tides  being  5.9 
feet.  No  account  is  here  taken  of  the  somewhat  longer  diu-atiou  of  ebb 
flow  at  average  spring-tides. 

During  very  high  sjuing-tides  the  discharge  will  be  much  larger. 

With  a  rise  and  fall  of  10.3  feet  (which  has  actually  occurred),  the 
]>rism  amounts  to  about  7,382,5()2,(KK)  cubic  feet,  ecpiivaleut  to  341,780 
cubicr  feet  ]>er  second;  nor  will  this  show  the  total  discharge,  since  the 
marshes  will  be  flooded,  and  their  area  being  estimated  at  8  square 
miles,  every  layer  of  water  over  them  3  inches  thick  will  iuid  55,905,870 
cubic  feet  to  the  prism,  or  2,590  cubic  feet  to  the  average  discharge  per 
second. 

It  has  not  been  deemed  exi>edient,  or  likely  to  give  trustworthy  re- 
sults, to  attempt  to  gauge  the  flow  through  the  gorge  of  the  hai^bor  bj 
means  of  current- velocities.  Those  taken  some  years  ago  between  Forts 
8umter  and  Moidtrie,  with  a  view  of  locating  channel  torpedoes,  proved 
the  existence  of  eddies  and  counter-cunvnts,  and  other  irregularities  of 
flow,  to  such  degree,  especially  near  the  Sullivan's  Island  side,  that  the 
requisite  accura^^y  seemed  hardly  obtainable  by  this  method. 

There  is  nothing  specially  exceptional  in  this,  for  it  is  known  that 
abnormal  conditions  often  characterize  the  flow  of  water  thi'ough  the 
gorge  of  a  large  tidal  basin. 

It  is  stated  by  Mr.  D.  Stevenson  that  at  Cromarty  Firth,  where  th^ 
waters  pass  to  and  from  the  sea  through  a  naiTow  gorge,  of  which  the 
width  is  about  4,500  feet  and  the  depth  about  150  feet : 

The  mean  velocity  due  to  the  column  of  water  pacing  this  gorge,  aa  deduced  from 
the  observed  surfju'e-velocity,  was  not  sulflcient  to  account  for  the  ciuantity  of  water 
actually  passed  during  each  tide,  as  detennined  by  measuring  the  cubical  capacity  of 
the  basin  of  the  Firth.  This  led  to  the  observation  of  the  undercurrents  through  the 
gorce  by  means  of  submerged  doats,  and  it  was  found  that  during  Hood-tides  the 
surface- velocity  was  1.8  miles  per  hour,  while  at  the  depth  of  50  feet  the  velocity  wa«^ 
not  less  than  4  miles  per  hour,  being  an  increase  of  '2.3  miles  per  hour.  During  the 
ebb-tide  the  surface- velocity  was  2.7  miles  j>er  hour,  and  at  50  feet  depth  it  was  not 
less  than  4.5  miles  per  hour,  being  an  increase  of  1.8  miles  per  hour. 

Anomalous  variations  and  irregularities  between  the  surface  and  the 
subciurent  have  also  been  found  to  exist  in  the  harbor  of  Han  Francisco,. 
Cal.,  and  elsewhere. 

For  the  foregoing  reasons,  mainly,  it  has  been  thought  best  to  use  the 
cubical  cMipacity  of  the  tidal  basin  and  the  rain-fall  upon  the  drainage- 
area  in  estimating  the  average  volume  of  water  which  flows  out  and  in 
through  the  gorge  of  Charleston  Harbor. 

PUIN  OP  IMPROVEMENT  RECOMilENDBB. 

It  is  proposed  to  construct  two  jetties,  one  springing  from  Mt>rm 
Island  and  the  other  ftx)m  Sullivan's  Island,  converging  toward  eacfc' 
other  in  such  manner  that  their  outer  ends  on  the  crest  of  the  bar  shall? 
be  one-half  to  flve-eighths  of  a  mile  apart.  The  outer  ends  of  tile  two- 
jetties  will  rest  respectively  upon  the  shoals  Ijing  to  the  northward  sai^ 
southward  of  what  is  known  as  the  north  channel,  that  being  t^e  middle 
channel  of  the  north  group  of  three  channels,  and  having  its  line  of 
deepest  water  located  more  nearly  than  either  of  the  others  upon  the 
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prolongation  of  the  axis  of  deep-water  flow  through  the  gorge  of  the 
harbor  between  Cuinniing's  Point  and  Fort  Moultrie. 

Assuming  for  the  piu'poses  of  discussion  the  sea  ends  of  the  jetties  to 
i-est  respectively  at  X  and  Y,  it  seems,  in  some  measure,  immaterial 
whether  they  be  established  upon  straight  lines,  as  sliown  at  AX'and 
BY,  Plate  I,  or  upon  cuned  lines;  and  if  curved,  whether  the  convexity 
be  turned  towanl  the  central  chainiel,  as  at  CX  and  DY,  or  ft-om  it,  as 
at  EX  and  FY.  In  either  case,  if  kept  at  the  proper  heights,  they  will 
pro<luce  an  ebb-flow  through  the  gap  able  to  maintain  a  deep  channel 
through  the  bar.  Neither  the  straight  jetties,  however,  nor  more 
especially  those  with  their  convexity  tiuned  away  from  the  channel,  act 
a8  training- walls  to  guide  the  outflowing  water.  The  curved  jetties,  con- 
vex toward  each  other,  being  less  open  to  this  objection  are  the  ones 
adopted  in  this  project. 

The  north  jetty  starts  from  a  point  on  Sullivan's  Island,  1,800  yards 
east  of  Bowman's  jetty.  The  half  next  the  shore  is  curved  to  a  i^adius 
of  about  li  miles,  the  outer  half  being  very  nearly  a  straight  line.  The 
total  length  of  this  jetty  from  0  to  X  is  7,450  feet,  and  its  genei^al 
direction  is  southeast. 

The  south  jetty,  ha\4ng  a  total  length  of  11,650  feet  from  D  to  Y, 
starts  from  Morris  Island  at  a  point  about  650  yards  from  Cumming's 
Point,  its  general  direction  being  east.  The  shore  end  is  cur\^ed  to  a 
radius  of  al>out  3  miles  for  a  little  more  than  one-half  its  entire  lengthy 
while  the  half  next  the  sea  is  nearly  straight,  as  in  the  case  of  the  north 
jetty. 

The  specified  length  of  the  jetties  is  taken  for  purposes  of  discussion. 
As  will  be  seen  herejifter,  they  would  not  be  able  to  produce  a  channel 
of  the  requisite  capacity  through  certain  materials  which  may  be  en- 
countered in  the  bar,  although  they  would  be  expected  to  maintain  such 
a  channel  if  once  established. 

The  outer  ends  of  the  two  jetties  slightly  converge  toward  each  other  as 
they  approach  the  crest  of  the  bar,  and  are  intended  to  act  as  training- 
walls  for  a  distance,  in  each  case,  quite  equal  to  half  its  entire  length. 
These  portions  lie  in  the  direction  of  the  flood-curi'ents,  and  may  be  built 
to  any  height  without  obstructing  the  inflow.  For  fully  one-fourth  of 
their  entire  length  the  sea  ends  could  be  carried  above  the  level  of  high- 
water,  so  as  to  be  \i8ible  at  all  stages  of  the  tide.  The  inner  portions, 
crossing  the  Beach  and  main  channels,  respectively,  might  perhaps  be 
kept  low  enough  to  allow  the  smaller  classes  of  vessels  to  pass  over 
them. 

One  characteristic  feature  of  the  design,  that  of  low  jetties,  is  intended 
to  maintain  the  bar  in  its  present  general  location,  with  such  moderate 
increase  of  magnitude  as  may  be  exi)ected  to  result  from  concentrating 
upon  a  gap  one-half  to  five-eighths  of  a  mile  in  width  a  portion  of  the 
water  which  is  now  dispersed  over  a  width  of  10  miles. 

The  complete  success  of  the  works  is  believed  to  depend  on  three  im- 
portant conditions,  which  they  are  expected  in  great  measure  to  satisfy, 
and  which  have  been  kept  in  view  in  preparing  the  design,  viz : 

1.  They  should  not  impede  the  inflow  to  such  decree  as  to  prevent  the  tidal 
hasin  being  filled  as  note  at  every  influx  of  the  tidal  wave. 

To  this  end  the  inner  half  of  each  jetty,  more  especially  its  central 
portion,  located  in  deep  water  across  l5ie  thread  of  the  current,  is  kept 
several  feet  below  the  water.  The  outer  half,  being  nearly  parallel  to 
the  direction  of  the  flow,  is  built  higher,  and  the  sea  end,  Ibr  a  distance 
of  several  hiuidred  feet,  may  be  carried  high  enough  to  be  visible  at  all 
stages  of  the  tide. 
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2.  They  should  control  the  outflow  to  auch  degree  and  in  such  manner  th(U 
a  channel  of  the  required  depth  will  be  maintained  through  the  bar. 

To  this  end,  although  a  lai^ie  i>ortioii  of  the  surface  fotc  will  spread 
out  over  the  tops  of  the  jt*t ties  ami  tlieuce  over  the  bar,  the  central  flow ^ 
throughout  the  entire  dejith  along  the  axial  line  of  the  gorge  l)etweeu 
Sullivan's  and  Morris  Islands,  is  aided  in  it«  natural  tendency  to  reach 
the  sea  along  the  pix>longation  of  that  line  by  the  oi)ening  left  for  it 
between  the  jetties.  The  bi^ttom  flow  through  the  gorge  of  the  harbor 
is  deflected  on  converging  lines  by  the  jetties,  and  is  therefore  forced  in 
a  measure  to  concentrate  itself  in,  and  flow  out  through,  the  gap  l>etweeii 
them.  The  outer  half  of  each  jetty  and  the  adjacent  i>ortion  of  the  shore 
end  act  as  a  training-wall  for  this  flow. 

3.  They  should  not  to  any  considerable  extent  cause  a  movement  sea  tear  d 
of  the  main  body  of  the  bar  ;  that  is^  the  general  position  of  the  bar  should 
be  independent  of  the  eflects  produced  between  and  beyond  the  head^  of  the 
jetties. 

It  is  believed  that  this  condition  will  l)e  secured  by  making  the  shore 
ends  of  the  jetties  low  fi»r  at  k^ast  one-half  their  length,  or  thnmghout 
those  iM)itions  which  cross  the  thi-ead  of  the  cunent  in  deep  water,  so  as 
to  allow  the  tide  to  ebb  and  flow  somewhat  fieely  over  them.  The  efleci 
of  high  jetties,  with  a  corresi)ondingly  wide  gap  betw  een  them  to  allow 
a  full  influx  of  the  tide,  woukl  tend  to  transfer  the  gorge  of  the  harl>or 
from  its  present  |)osition  to  the  sea  ends  of  the  jetties  and  move  the 
shore  line  out  to  that  point,  l)y  causing  a  tllhng  in  of  the  exterior  angles 
between  the  jetties  and  the  shore.  After  reaching  this  stage,  a  drift- 
and- wave  bar  would  probably  be  found  to  the  seawanl  of  the  pi*esent 
bar,  in  front  of  the  jetties,  rendering  it  necessary  to  extend  them  in  oixier 
to  cut  a  passage  through  it. 

It  seems  essential,  therefore,  that  the  agencies  which  maintain  the 
present  bar  should  i^main  in  as  ftiU  tbrcM?  as  jH)ssible,  consistent  with 
the  requisite  concentration  of  outflow  between  the  jetties. 

The  probable  eft'ects  will  be  that  the  bar  will  be  raise^l  somewhat 
throughout  its  entitle  length,  the  waves  will  break  upon  it  more  fre- 
quently than  now,  and  considerable  shoaling  will,  of  course,  take  place 
in  Beach  Channel  and  in  all  the  southern  group  of  channels.  But  it  is 
believed  that  the  important  condition  of  keeping  the  bar  genemlly  in 
its  present  position  will  be  secured. 

The  drift-material  carried  along  the  coast  by  surf-currents,  as  well  as 
the  sand  thrown  up  by  the  breakers  on  the  north  and  south  shoals, 
instesid  of  lodging  in  and  filling  up  the  exterior  angles  between  the 
jetties  and  the  shore,  as  in  the  case  of  high  jetties,  will  be  disposed  of 
in  a  harmless  manner. 

For  example,  a  heav^'  northeasterly  storm,  producing  breakers  along 
the  north  shoal  and  strong  southerly  surf-currents  along  the  shores  of 
Long  and  Sullivan's  Islands,  would  put  in  motion  a  large  quantity  of 
material,  a  portion  of  which  would  be  carried  in  by  the  flood-currents 
over  the  north  jetty  and  through  Beach  Channel,  coming  to  rest  in  the 
deep  water  of  the  main  channel.  It  would  next  be  taken  up  by  the  ebb- 
current  and  rolled  out  to  sea  between  the  jetties.  Beyond  the  jetty- 
heads  it  would  encounter  the  littoral  ebb-current,  moving  to  the  south- 
ward with  a  velocity  accelerate<l  by  the  storm,  oy  which  it  would  be 
again  carried  in  a  southwesterly  diiection,  until  finally,  left  to  the  action 
of  the  south  breakers,  it  woiUd  be  either  deposited  temporarily  upon  the 
south  shoal  or  carried  still  farther  to  the  southward.  This  action,  which 
would  be  incessant  diuing  the  continuance  of  the  storm,  is  illustrated  in 
Figure  1,  Plate  U. 
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The  action  of  a .  southerly  storm  wouhl  be  the  i-everse  of  this.  In 
either  ease  some  cliift-material  would  be  carried  by  waves  and  surf- 
currents  around  the  jetty-heads,  and  would  subside  in  the  deep  water 
between  them,  to  be  swept  out  by  ensuing  ebb-currents,  and  disposed 
of  to  the  northward  or  southward,  according  to  the  dkection  of  the 
storm. 

This  movement  of  sand  was  referred  to  in  my  report  on  the  improve- 
ment of  the  Fenmndina  Bar,  submitted  April  15,  1876,  from  which  the 
following  extract  is  made: 

As  a  moderate  aa«umptioii,  a  northea«ter  of  three  days'  duration  might  he  expected 
to  lower  the  north  shoal  4  inches  within  the  area  covered  by  the  breakers.  The 
greater  part  of  the  eroded  material,  amounting  to  upward  of  516,000  cubic  yards, 
would  doubtless  be  distributed  along  the  south  shoal  during  the  progress  of  the  stonn. 
If  the  waves  should  subside  or  a  southerly  or  southeasterly  storm  set  in  before  the  bar 
channel  had  returned  to  its  normal  condition,  the  material  subsequently  carried  out 
would  not  reach  the  south  shoal,  but  in  the  fonner  case  would  remain  near  the  outlet 
on  the  outer  slope  of  the  bar,  and  in  the  latter  would  be  carried  back  by  the  waves 
to  the  north  shoal.  If  as  much  as  one-fourth  of  it  remained  in  the  bar  channel  between 
the  inner  and  outer  18-foot  curves,  a  few  severe  storms,  such  as  frec^uentlj"  occur  within 
the  period  of  a  single  month,  would  entii*ely  destroy  it,  by  fiUing  it  up  to  the  level  of 
the  shoal  on  either  side. 

It  would  api>ear,  therefore,  that  millions  of  cubic  yards  of  the  material  composing 
the  bar  might  be  shiffced  back  and  forth  from  one  side  of  the  channel  outlet  to  the 
other  during  a  single  season,  without  causing  injuiy  to  the  channel  by  shoaling,  and 
without  producing  any  changes  in  the  form  and  location  of  the  bar  itself  that  might 
not  entirely  escape  the  notice  of  the  most  careful  sur\'eyor.  And  yet  this  shifting  of 
material  of  which  no  evidence  may  be  left  behind  should  enter  as  an  important,  if  not 
a  controlling,  function  in  the  project  of  the  engineer,  because  the  useful  life  of  his 
worlu  is  more  or  less  dependent  t(iei*eon. 

a 

As  no  works  can  be  expected  to  stop  this  movement  of  drift-material 
for^any  great  length  of  time,  they  shoiUd,  if  practicable,  accommodate 
themselves  to  it  under  conditions  of  a  permanent  character.  Those  pix)- 
poseil  are  designed  to  do  this,  by  allowing  the  drift-sand  to  move  from 
one  part  of  the  bar  to  the  other  in  much  the  same  manner  as  now,  never 
i-emaining  in  the  jetty  channel  longer  than  a  few  tides,  and  never  find- 
ing a  resting-i>lace  anywhere  that  the  next  storm  may  not  disturb. 

PROBABLE  EFFECT  PRODUCED  BY  THE  JETTIES. 

An  attempt  is  made  below  to  determine  by  the  use  of  appropriate 
fornuilic  the  principal  phenomena  of  the  ebb-flow,  after  the  jetties  shall 
have  been  constnicted  and  an  enlarged  water-way  of  the  greatest  self- 
maintaining  area  has  been  established  between  them  and  the  hydraulic 
equilibrium  has  been  restored. 

Tlie  jetties  in  this  discussion  are  first  assumed  to  occupy  the  lines  CX 
and  DY,  Plate  I,  with  their  respective  crests  established  at  the  varying 
heights  shown  by  the  longitudinal  sections  CX  and  DY  on  Plate  II,  the 
sea  ends  being  half  a  mile  apart. 

The  north  jetty  crosses  the  deep"water  of  Beach  Channel  at  the  level 
of  12  feet  below  mean  low-water,  the  crest  being  held  at  that  level  for  a 
length  of  050  feet,  whence  it  rises  gradually  by  a  series  of  gentle  slopes 
to  high-water  at  each  end.  On  the  sea  end  the  pait  cai-ried  to  high- 
water  level  is  1,500  feet  long* 

The  south  jetty,  designed  on  a  similar  plan,  crosses  the  main  channel 
on  a  level  15  feet  below  mean  low- water,  the  seaward  end  for  a  length 
of  2,000  feet  having  its  crest  at  liigh-water. 

36  E 
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The  sectional  area  of  the  gorge  profile  between  Ciunmmg's  Point  and 
Sullivan's  Island  is  as  follows : 

Square  fe«t. 

Area  of  low-water  section 159,550 

Area  of  high-water  section 195,350 

Mean  ebb-tide  area 176,600 

The  width  of  the  surface  at  half-tide,  corresponding  to  the  mean  ebb- 
tide area,  is  6,825  feet,  and  the  wetted  perimeter  6,927  feet.  The  hydrau- 
lic radius  is,  therefore,  25.46  feet. 

At  mean  low- water  the  surface  width  is  6.750  feet,  the  wetted  perimeter 
6,851  feet,  and  the  hydraiUic  radius  22.29  feet. 

The  area  inclosed  between  the  line  of  gorge  at  Cumming's  Point  and 
that  of  the  proposed  jetties  and  gap  is  2.16  square  miles. 

The  average  discharge  per  second  across  the  sites  of  the  jetties 
and  through  the  gap  between   them  is,  therefore,  183,451  cubic  feet 

3,655,443,886  +  307,108,434\  ^^  ^^  ^^3  ^^^.^  ^^^  ^^^^  ^^  ^^  ^^^^ 


( 


flowing  out  at  the  gorge. 

The  following  are  the  sectional  areas  in  square  feet  now  existing  on 
the  lines  proposed  for  the  jetties  and  gap: 


Line  of  north  jetty 
Line  of  south  jetty 
Gap 

Totals 


Low  water. 


Square  feet 

59,900 

171.720 

22,840 


254,460 


Ke<an  half 
tide. 


Square  feet 

78,880 

201,385 

29,  572 


909,817 


For  the  following  calculations  the  D'Aubuisson  Downing  formula  will 
be  used,  not  because  it  is  the  best,  but  mainly  because  it  is  very  simple 
and  easy  of  application.  It  is,  moreover,  believed  to  answer  very  well 
in  cases  of  broad  open  streams. 

The  formiUa  is — 

V  =  100  X  i/7x  l/r^,  in  wluch 

V  =  velocity  in  feet  ^er  second. 

8  =  slope,  or  ratio  ot  horizontal  length  to  vertical  descent, 
r  =  hyoraulic  ratUus  in  feet. 

In  the  gorge  at  Cumming's  Point  the  grand  mean  of  all  the  velocities 

IS  .958  feet  per  second  C  170  oooy 

The  grand  mean  of  all  the  velocities  with  which  the  water  passes 
through  the  various  compaitments  of  the  present  section  along  the  line 

(1  QO     4K-|  \ 
309  817/ 
The  mean  hydraulic  ra  ius  of  this  aggregate  section  is  14.0322  feet 
/ 309,817 \ 

V7,574.3  +  2,679.7  +  11,825/     _ 

Therefore  V  =  0.59212  =  100  / 14.0322  x  V  s. 

0.59212 

^ «  =iTi7rvr-7T  .- —  =  0.0015807 
100  X  \/l4.0322 

S  =  0.0000024980. 

On  the  assumption  that  this  slope  is  the  same  throughout  the  sectioH 
which  in  point  of  fact  is  not  precisely  the  ca.se,  and  we^have  no  data 
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for  making  the  necessary^  correction  for  the  several  compartments),  the 
total  average  volume  of  discharge  per  second,  amoiuiting  to  183,451 
cubic  feet,  is  distiibuted  as  follows,  as  determined  by  the  various  areas 
and  hydraulic  radii : 

Cubic  feet 

Throngh  present  section  on  site  of  north  jetty 39,418 

Through  present  section  on  gap..... 15,227 

Through  present  section  on  site  of  south  jetty 128,806 

Total  as  above 183,451 

This  must  be  assumed  to  represent  the  present  distribution  of  the 
outflow  per  second  through  the  section  selected  for  the  sites  of  the  works 
and  the  opening  between  them  at  its  narrowest  point. 

The  changes  of  regimen  which  the  jetties  will  tend  to  produce,  and 
the  area  of  the  water-way  which,  once  established,  they  woiUd  be  ex- 
pected to  maintain  between  and  beyond  the  sea  ends,  will  next  be  con- 
sidered. 

The  north  jetty  will  reduce  the  half-tide  area  of  the  water-way  from 
its  present  area  of  78.880  square  feet  to  41,593  square  feet,  and  the 
hydraulic  radius  from  10.41  feet  to  7.59  feet. 

The  south  jetty  half-tide  water-way  will  be  reduced  flrom  the  present 
area  of  201,365  square  feet  to  an  area  of  94,684  square  feet,  and  its 
hydraulic  radius  ft^m  17.03  feet  to  10.77  feet. 

These  hydraulic  radii  are  to  be  considered  permanent,  the  crests  of 
the  jetties  being  supposed  to  be  able  to  resist  abrasion  by  the  current. 

In  the  gap,  where  alone  erosion  can  take  place,  the  present  mean  half- 
tide  water-way  is  29,572  square  feet,  and  the  mean  low-tide  area  22,840 
square  feet. 

After  the  jetties  shall  have  received  their  maximum  scour,  aided  by 
dredging  or  other  artificial  appliances  wherever  clay -beds  are  encoun- 
tered and  the  equilibrium  of  flow  is  resumed,  the  original  general  average 
slope  8=0.000002498  will  be  restored. 

The  aggregate  average  discharge  j}ev  second  before  the  jetties  were 
built  wiU  also  be  restored. 

From  these  premises  the  following  average  discharges  per  second  are 
found: 

Cubic  feet. 

Across  crest  of  north  jetty ••..,.. 18,113 

Across  crest  of  south  jetty ..• «.., 49,110 

Total  over  the  jetties 67,223 

The  balance  of  the  discharge,  amounting  to  116,228  cubic  feet  per 
second  (183,451—67,223),  will  go  out  through  the  gap  between  the  jet- 
ties, where  at  present  there  is  a  mean  half-tide  area  of  only  29,572  square 
tieet  and  a  mean  discharge  of  15,227  cubic  feet  per  second. 

The  formula  already  used  gives  for  the  average  velocity  through  the 
gap: 

Y=100  xVsx  Vr 

Substituting  the  value  V«=0.0015807,  we  have 

V=0.15807X  Vr 

The  value  of  r  is  unknown.  The  width  of  the  gap  being  2,640  feet, 
we  have  for  the  wetted  i)erimeter,  by  General  Abbot's  rule,  2,680  ftet 
(2,640  X  1.015). 
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If  A  represent  the  uukuowni  half-tide  area  of  the  gap  iii  squai-e  feet, 
we  have 

and  _ 

r=0.1.>S07x-^^ 

The  cahnilatHl  average  discharge  through  the  gap  i>er  second  being 
116,228  cubic  feet,  we  have 


.  _V(11(],228  X  V2<i8(^»)^ 
0.13807 

A=113,1G0  square  feet. 

The  mean  hydraulic  radius  at  the  gap  will  therefore  be  42.22  feet 

('  J        )  at  mean  half- tide,  or  39.71  at  mean  low- water.     This  im- 
2080    y 

plies  very  considerable  mid-channel  depths. 

In  the  profile  between  Fort  Sumter  and  Sullivan's  Island,  having  a 
mean  low-water  area  of  177,620  square  feet,  a  width  of  4,960  feet,  and  a 
hydraulic  radius  of  35.28  feet,  fully  90  i>er  cent,  of  the  total  ai-ea  i)er- 
tains  to  deptlLS  of  21  feet  and  upward,  occupying  a  width  of  3,510  feet, 
in  which  the  maximum  depth  is  76  feet. 

On  the  profile  from  Cumming's  Point  to  the  Bowman  .jetty,  the  low- 
water  area  is  159,550  square  feet,  the  width  6,750  feet,  and  the  hydraulic 
radius  23.29  feet.  The  compartments  of  21  feet  depth  or  more  form  80 
per  cent,  of  the  whole  section,  and  occupy  a  width  of  3,000  feet,  Avith 
maximum  depths  close  up  to  70  feet. 

In  the  new  channel  between  the  jetty-heads,  where  the  hydraulic 
radius  is  39.71  feet,  it  may  be  exj^ected  that  the  area  of  depths  of  more 
tlmn  21  feet  will  constitute  a  very  large  proportion  of  the  total  area  of 
the  gap,  and  that  maximum  depths  of  75  feet  and  upward  woiUd  be 
maintained  in  mid-channel. 

Tlie  avenige  velocity  from  which  the  general  average  slope  is  derived 
is,  of  coiuse,  less  than  the  velocity  that  will  prevail  in  the  deep-channel 
compartments  of  the  profile,  since  with  unaltered  sloi)e  the  velocities  iu 
diflerent  portions  of  the  profile  may  be  considered  to  vary  ss  the  square 
root  of  depths.  The  grand  average  velocity  in  the  profile  between  Cum- 
ming's  Point  and  Bowman's  jetty,  with  a  mean  hydrauhc  radius  at  half- 
tide  of  25.16  feet,  is  .958  feet  per  second ;  in  the  50-feet  compartments 
the  average  velocity  would  he  1.33  feet  per  second;  while  during  the 
second  and  thiid  quarters  of  ebb  the  velocities  will  vary  between  2  and 
3  feet  i>er  second. 

The  bottom  velocities  will  generally  l>e  but  little  less,  to  judge  from 
the  resiUts  of  a  great  number  of  current-obsenations  made  near  Fort 
Sumter  by  Capt.  William  Liullow  a  few  years  ago. 

Of  tlie  eftVcts  that  will  be  produced  to  the  seaward  of  the  jetties  upon 
the  outward  sloi>e  of  the  bar  by  so  large  a  volume  of  outflow,  it  is  im- 
possible to  deduce  from  formulae  results  upon  which  reliance  can  Ije 
safely  placed.  AVe  know  what  kind  of  effects  will  ensue,  but  we  have  no 
precise  measiu'e  of  theii*  intensity.  The  first  and  gi-eatest  difficidty  met 
T^ith  is  the  want  of  trustworthy  data  concerning  the  rate  at  which  the 
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water,  as  it  issues  forth  from  the  gap,  will  spread  out  and  disperse  over 
the  descending  outer  slope  of  the  bar,  with  a  diminishing  velocity  and 
scouring  power.  For  the  piui)ose  of  discussion,  it  will  be  assumed  that 
the  cun*ents  having  passed  the  jetty-heads  will  spread  out  in  a  fan- 
shai>ed  area,  at  an  angle  of  30  degi*ees  on  each  side,  with  the  axis  of  the 
new  channel.  The  chart  seems  to  indicate  that  this  angle  is  not  too 
small.    It  is,  however,  largely  conjectural. 

Assuming,  however,  a  total  spread  of  60  degrees,  the  width  of  the 
profile  IJ  miles  to  seaward,  through  which  the  outflow  from  the  jetties 
is  supposed  to  pass,  is  10,933  feet. 

By  adding  the  fan-shaped  water-prism  between  the  jetty -heads  and 
the  seaward  profile  to  the  volume  of  flow  through  the  former,  we  find 
that  the  average  volume  parsing  through  the  outer  profile  will  be 
128,916  cubic  feet  per  second. 

The  half-tide  sectional  area  of  the  profile  is  found,  by  the  method  of 
calculation  already  employed,  to  be  172,312  square  feet.  Its  wetted 
perimeter  is  11,097  feet,  its  hydraulic  radius  at  mean  half-tide  15.52, 
and  at  mean  low-water  about  13,  which  implies  more  than  ample  mid- 
channel  depths  through  the  outer  slope  of  the  bar  for  vessels  of  the 
deejiest  draught. 

As  this  outer  profile  is  taken  upon  the  seaward  slope  of  the  bar  a  little 
beyond  the  18-foot  low- water  curve,  the  i>ermanent  depths  first  secured 
there — ^permanent  becaiLse  representing  a  restored  equilibrium — can,  of 
course,  be  increased  at  pleasure,  and  at  a  small  relative  cost,  by  the 
moderate  extension  of  the  jetties. 

If  the  gap  between  the  jetties  be  widened,  the  submerged  portions 
must  be  raised  to  a  gieater  average  height,  thus  diminishing  the  area 
of  water-way  above  tliem,  in  order  that  a  channel  of  the  same  mean 
depths  in  the  seaward  profile  near  the  outer  18-foot  curve,  above  deduced 
for  a  specified  height,  may  be  maintained.  Considerations  of  cost  fur- 
nish strong  arguments  for  keeping  the  crest  of  the  jetties  low,  a^s  the 
expense  of  added  height  in  jetties  with  side  slopes  increast^s  much  more 
rapidly  than  the  height  itself.  For  example,  a  wall  10  feet  high  and  10 
feet  wide  on  toj),  with  slopes  of  45  degrees,  contains  200  square  feet  in 
cross-section,  while  a  wall  of  the  same  width  on  top  and  only  twice  the 
height  contains  three  times  that  artni  of  cross-section.  By  doubling  the 
height  the  quantity  of  materials  requbed  is  therefore  trebled  in  this 
case,  and  more  must  be  still  added  to  compensate  for  the  increased  sub- 
sidence caused  by  doubling  the  weight  on  the  foundation.  By  trebling 
the  height  we  get  six  times  the  area  of  cross-section. 

With  an  opening  between  the  jetties  five-eighths  of  a  mile  wide,  estab- 
lished by  swinging  the  south  jetty  to  the  southward  around  its  shore- 
end  as  a  center  until  it  occupies  the  line  DZ,  and  leaving  the  north  jetty 
located  on  the  line  CX,  as  before,  it  will  be  necessary  to  raise  the  sub- 
merged portions  an  average  of  about  14  inches  higher  than  the  crests 
shown  on  the  longitudinal  sections  CX  and  DY,  Plate  II,  in  order  to 
maintain  in  the  seaward  profile,  H  miles  from  the  jetty-heads,  the  same 
hydraiUic  radius  deduced  for  the  half-mile  gap.  Between  the  jetty -heads 
the  hydraulic  radius  for  the  five-eighths-mile  gap  woidd  be  about  4.45 
feet  less  than  for  the  half-mile  gaj).  Under  both  suppositions  the  sea- 
ends  of  the  jetties  rise  to  high-water  level  for  a  length  of  1,500  feet  on 
the  north  jetty,  and  2,0(K>  feet  on  the  south  jetty. 

There  seems  to  be  little  room  for  doubt  that  a  ch«annel  of  ample  capacity 
having  been  once  established  through  the  bar,  it  will  be  permanently 
maintained  l)y  the  jetties,  and  that  the  materials  more  or  less  constantly 
carried  out  by  the  current,  especially  during  t'le  prevalence  of  diift- 
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l)ro<lucing  storms,  and  immediately  subsequent  thereto,  will  not  l^e  de- 
posited under  conditions  favoral)le  to  the  formation  of  an  exterior  bar. 

The  outer  slope  of  the  bar,  direetly  to  the  seaward  of  the  jetties,  will 
l^erhaps  assume  and  maintain  a  salient  form  in  consequence  of  the  mate- 
rials being  first  brought  to  a  temporary  rest  at  that  point ;  but  unless 
the  main  body  of  the  bar  to  the  northward  and  southward  of  the  jetties 
also  moves  bodily  to  the  seaward  in  a  marked  degi'ee,  in  violation  of  all 
known  or  8usi>ected  laws,  the  movement  of  drift  will  go  on  substantially 
as  at  present,  finding  only  a  transient  resting-i)lace  in  front  of  the  new 
channel,  or  upon  any  other  portion  of  the  bar. 

Having  assumed  the  width  between  the  jetties  and  the  ]K)iuts  on  the 
bar  at  which  their  sea-ends  should  rest,  it  is  not  claimed  tliat  the  con^- 
sponding  height  cai)able  of  maintaining  through  the  bar  to  deep  water 
on  the  outside  a  channel  of  a  specified  capacity  can  be  determined  with 
precision  by  computations  based  on  the  use  of  any  known  formulae.  But 
it  seems  quite  clear,  \nth  the  large  surplus  of  available  water  not  needed 
between  the  jetties,  that  we  can  by  first  building  them  low  thix)ughout 
their  entire  length,  and  then  raising  them  gradually  to  the  iMKiuired 
height,  utilize  the  flow,  and  accomiilisli  the  desired  results,  not  only  with 
ceitainty,  but  with  the  greatest  attainable  degree  of  economy. 

It  will  be  exx)edient,  from  other  considerations,  to  proceed  gi^dually 
in  raising  the  works  to  the  requisite  height.  It  will  be  seen  from  Plate 
II,  containing  a  record  of  the  borings,  that  at  the  point  D,  nearly  in  the 
axis  of  the  new  channel,  and  a  little  outside  a  right  line  joining  the  sea- 
ends  of  the  jetties,  a  bed  of  '^soft  nmd  and  sand-'  7  feet  in  thickness  is 
encountered  at  a  depth  of  5  feet  below  the  bottom,  and  17  feet  below 
mean  low-water.  It  overlies  a  l>ed  of  sand  4J  feet  thick.  At  E,  al>out 
400  yards  to  seawaitl  of  the  point  D,  and  also  in  the  line  of  the  new 
channel,  a  layer  or  thin  bed  of  sand,  shells,  and  soft  mud,  only  1  foot 
thick,  is  found  1  foot  below  the  bottom,  and  13  feet  below  low-water. 
At  a  depth  of  OJ  feet  a  1-foot  bed  or  lumps  of  stiff  clay  exists  resting  on 
lOJ  feet  of  fine  sand.  At  A,  more  than  1 J  miles  inside  the  jetty -head, 
and  a  little  to  the  northward  of  the  probable  line  of  deepest  water,  a 
bed  of  tenacious  clavis  found  4  feet  below  the  bottom  and  18  feet  below 
low- water,  while  outside  the  gap  at  F,  about  a  half  a  mile  in  a  southerly 
direction  from  D,  no  clay  or  uuid  is  found  until  a  depth  of  28  feet  below 
low- water  is  reached,  and  there  it  is  only  a  foot  thick,  and  rests  ui>on  3 
feet  of  *'  shells  and  sand.'' 

These  borings  show  that  the  material  which  may  be  found  capable  of 
resisting  erosion  and  removal  by  the  cun^ents  does  not  occur  in  continu- 
ous and  regular  strata,  but  apparently  in  detached  sheets,  lumps,  and 
beds,  varying  greatly  in  thickness  and  in  depth  below  the  bottom,  and 
below  the  water-level. 

It  is  presumed  that  none  of  the  materials  which  it  would  be  necessary 
to  remove  in  establishing  a  deep-water  channel  through  the  bar  can  be 
eroded  and  carried  ofit*  by  the  ciu:i*ents  except  those  designated  in  the 
table  of  borings  as  *^ shells,"  "sand,"  "soft  mud,"  or  a  mixture  of  two 
or  all  of  them,  '^^^lenever  stiff  clay  is  to  be  I'emoved  some  method  of 
dredging  or  harro^\ing  will  have  to  be  adojited,  and  it  may  \ye  necessary 
to  resort  to  harrowing  in  aid  of  the  natural  scoiu*,  to  get  rid  of  some  of 
the  beds  of  mud  and  softer  clays.  The  sand  and  shells  will  be  carried 
out  by  the  current. 

When  the  jetties,  supposed  for  the  present  to  be  Imilt  of  riprap  rest- 
ing on  a  mattress  of  fascines,  have  reached  their  full  length,  or  rather 
their  assumed  length,  from  the  shores  to  the  points  X  and  Y,  respectively, 
with  heights  throughout  the  submerged  portions  not  much  greater  than 
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may  be  deemed  necessary  to  secure  the  foundations  from  injury  l)y 
midermining:,  the  lower  sections  shoidd  then  be  gradually  built  up  until 
a  sufficient  flow  is  established  between  them  to  scour  ott'  the  surface- 
layer  of  sand,  shells,  and  soft  nuid,  and  lay  bare  the  beds  of  stiff  nmd 
and  clay  between  the  heads  of  the  jetties,  and  as  far  beyond  them  as 
ix>88ible,  consistent  with  the  safety  of  the  works  themselves.  The  great- 
est effect  will  naturally  be  produced  along  the  center  line,  and  the  vol- 
ume of  flow  should  not  be  made  large  enough  to  cause  any  considerable 
scour  along  the  faees  of  the  jetties. 

Dredging,  if  it  becomes  necessary  at  all,  should  begin  along  the  line 
of  greatest  scour  as  socm  as  the  removal  of  the  day  by  that  method  be- 
comes prac'ticable,  and  as  greater  depths  are  secured  in  this  manner  the 
jetties  should  l>e  raised  to  higher  levels. 

The  borings  indicate  that  sooner  or  later,  during  this  stage  of  prog- 
ress, it  will  l>ecome  necessary  to  determine  in  what  manner  the  needed, 
depths  to  seawanl  upon  the  outer  sloi)e  of  the  bar  can  be.st  be  estab- 
lislied.  It  may  l^e  done  either  by  enlarging  the  area  of  the  water-way 
l)etween  and  directly  in  front  of  the  jetties,  so  as  to  lengthen  the  out- 
ward reach  of  the  scouring  power,  or  by  extending  the  jetties  themselves 
farther  out  on  the  bar  w  ith  only  moderate  dei)ths  between  them,  thus 
carrying  farther  to  sea  wai*d  the  point  at  which  divergence  and  consequent 
loss  of  power  l>egin.  In  the  degi\^e  to  which  the  first  method,  if 
adopted,  is  carried  into  execution,  will  the  jetties  approach  the  heights 
shown  in  sections  C'X  and  D  Y,  Plate  II !  and  they  could  not  theoretically 
attain  and  exceed  those  heights  until  the  channel  in  the  gap  has  a  mean 
half-tide  area  of  118,160  square  feet,  and  a  hydraulic  radius  of  42.22  feet. 
This  implies,  as  already  stated,  a  deep  central  channel  with  maximum 
depths,  wiiich  would  perhaps  be  impossible  of  attainment  at  moderate 
cost  by  any  known  process  of  dredging  or  raking. 

The  boring  at  D  in  the  line  of  the  new  channel  indicates  that  very 
httle  dredging  or  raking  w^ould  have  to  be  done  to  reach  a  de])th  of  31 
feet  below  mean  low-water,  there  being  only  6  inches  of  stiff  clay  to 
l>enetrate  in  that  distance,  and  that  is  found  at  a  dei)th  of  28^  feet.  At 
K,  fiirther  out  on  the  same  channel  line,  only  12  inches  of  stiff*  clay  is 
encountered  in  a  depth  of  30  feet.  Whether  this  material  occurs  nearer 
the  surface,  or  in  thicker  beds  at  other  points  where  its  removal  would 
he  necessary  to  give  the  requisite  water-way,  cannot,  of  course,  be  known 
from  the  examinations  that  have  been  made.  Very  numerous  borings 
taken  near  each  other  would  be  necessary  before  even  a  very  general 
estimate  could  be  made  of  the  quantity  of  materials  of  different  kinds 
that  would  require  removal  by  other  agencies  than  the  natui*al  scour,  in 
onier  to  attain  any  given  area  of  water-way. 

It  is  probable  that  the  thin  deposits  of  clay  encountered  in  boring  are 
only  detached  lumps  or  small  masses  that  will  be  no  obstacle  to  the 
prosecution  of  the  work,  but  will  settle  down  the  lower  levels  as  the  sand 
is  scoured  away  from  around  and  beneath  them.  The  existence  of  such 
lumps  on  the  bottom  of  the  inner  harbor  has  been  reported  by  divers. 

For  the  purjwse  of  this  estimate,  maximum  mid-channel  depths  in  the 
gap  of  only  31  feet  at  mean  low-water  will  be  adopted,  because  that 
depth  appears  to  involve  only  a  small  outlay  for  dredging,  and  possibly 
none  at  all. 

By  fixing  the  crests  of  the  submerged  portions  of  the  jetties  at  the 
re^^iuisite  heights,  we  have  the  means  of  maintaining  in  this  water-way 
average  depths  not  much  less  than  the  maximum  depths,  thus  producing 
a  wide  channel  with  moderate  depths  instead  of  a  narrow  channel  very 
deep  along  the  central  line  and  shoal  toward  the  sides.    Under  these 
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conditions  the  hvdranlic  radins  in  the  gap  can  be  made  comparatively 
large.    It  will  be  taken  at  24  feet  mean  half-tide. 

It  appears  from  calculations  based  as  before  on  an  assumed  divergence 
of  60  degrees  in  the  ebb-flow  exterior  to  the  jetty-heads,  that  a  normal 
flow  through  the  half-mile  gap,  with  a  hydraulic  radius  of  24  feet,  can- 
not maintain  a  channel  exceeding  21  feet  in  depth  at  mean  low- water  for 
a  greater  distance  than  about  5,o(K)  feet  beyond  the  heads  of  the  jetties 
where  the  divergence  begins.  Tliis  would  make  the  jetties  2,400  feet 
longer  than  the  jetties  CX  and  DY,  already  discussed,  although  their 
submerged  crests  would  be  considerably  lower.  The  north  jetty,  if  kei)t 
generally  parallel  to  the  bottom,  would  not  exceed  1  foot  in  average 
height,  its  office  being  mainly  to  prevent  the  enlargement  of  the  Beach 
Channel  water-way  by  scour.  The  south  jetty  would  have  it«  submerged 
crest  at  10.78  feet  below  mean  low-water,  if  kept  level  throughout.  Un- 
der these  circumstances,  with  a  24-foot  hydraulic  radius  in  the  gap,  and 
corresponding  hydraulic  radii  in  the  seaward  profiles,  on  the  supiwseil 
total  divergence  of  60  degrees,  the  original  slope  will  be  restored.  The 
mean  aven\ge  ebb  velocity  through  the  gap  will  be  0.93  foot  per  second. 

By  raising  their  submerged  porti^)ns  above  the  calculated  heights  last 
mentioned  greater  ebb-flow  and  velocities  would  be  established  in  the 
gap,  with  correspondingly  increased  i)ower  and  outward  reach,  and, 
therefore,  increased  depths  through  the  outer  slope  of  the  bar  into  the 
deep  water  beyond.  But  this  would  give  no  gi-eater  dei)ths  in  the  gap, 
under  the  supposition  that  l>eds  of  clay  exist  there  at  and  below  the 
depth  of  31  feet,  the  only  condition  which  appears  to  impose  the  neces- 
sity of  low  jetties  at  all. 

If  the  submerge<l  crests  be  placed  at  the  varying  heights  shown  in 
sections  CX'  and  DY',  Phite  11,  the  total  areas  over  the  jetties  and  through 
the  gap  will  be  somewliat  diminished,  and  as  the  areas  are  all  fixed,  while 
the  vohime  to  be  discharged  remains  the  same,  there  will  ensue  in  the 
gap  a  banking  up  of  the  waters  and  consequently  an  increase  of  slope 
and  of  velocitv.     Tlie  computations  show  that  the  natural  slope  of 
0.000002408,  or*  about  /^  inch  to  the  mile,  will  be  increased  to  0.0000049G3, 
equal  to  about  -f^  inch  per  mile ;  and  the  previous  mean  average  velocity 
of  0.93  foot  per  second  will  be  augmented  to  1.09  feet  per  second.    At 
what  distance  beyond  the  jetty-heads  the  original  slope  will  be  resumed 
cannot  be  ascei-tained  by  any  ])rocess  of  computation,  and  consequently 
the  distances  beyond  the  points  X  and  Y  to  wliich  the  jetties  should  he 
carried  in  order  to  maintain  a  chaimel  of  the  required  depth  through  the 
outer  slope  of  the  bar  is  largely  conjectural.    It  is  certain  that  they  wilV 
not  have  to  be  extended  as  far  as  in  the  case  of  the  low  jetties  last  dis- 
cussed.    The  calculations  show,  however,  that,  with  the  assumed  diverge 
ence  of  60  degrees,  the  heads  of  the  jetties,  or  the  point  where  divergenct3^ 
begins,  need  not  be  located  more  than  1,390  feet  to  seaward  of  the  pointed 
X  and  Y,  Plate  I.    This  places  their  heads  at  X'  and  Y',  respectively. 

The  practical  solution  of  tliis  question  would  of  course  be  given  by  ^^* 
gradual  and  cautious  building  up  of  the  jetties,  with  fi*equent  obser\'a-^  - 
tions  of  their  eftects,  care  being  taken  that  they  are  not  raised  so  higL^ 
as  to  prevent  the  complete  filling  of  the  tidal  basin  by  each  flood. 

Numerous  borings  would  of  course  be  made  before  definitely  fixinj 
the  width  between  the  jetties,  as  it  is  possible  that  beds  of  material  ii 
capable  of  removal  by  natural  scour  may  exist  at  such  moderate  depth 
that  the  half-mile  ga])  should  give  place  to  a  considerably  wider  one, 
question  which  will  doubtless  turn  mainly  on  the  qimntity  of  material  ^ 
that  may  require  to  be  excavated  by  dredging. 

Xo  change  of  this  character  and  for  this  purpose,  if  judiciously  mad^ 
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would  materially  alter  the  estimated  quantities  of  materials  needed  for 
the  constnietion  of  the  works. 

The  volume  of  water,  a  little  more  than  thirt;s'-six  himdred  and'fifty- 
five  millions  of  cubic  feet  (3,055,374,296),  which  is  supposed,  in  the  fore- 
going discussion,  to  pass  out  through  the  gorge  of  the  harbor  on  each 
ordinary  ebb-tide,  is  believed  to  be  less  than  the  actual  outflow  of  one 
tide. 

Computations  in  all  respects  similar  to  those  given  above  have  been 
made  on  the  supposition  that  the  volimie  of  outflow  during  each  or  ordi- 
nary tide  is  4,834,000,000  of  .cubic  feet,  which  is  believed  to  be  somewhat 
in  excess  of  the  actual  outflow. 

The  computed  hydraulic  radius  in  the  gap  between  the  jetties  is  the 
same  in  both  cases,  which  was  to  be  exi)ected,  for  the  reason  that  we  have 
only  the  calcidated  slopes  and  mean  velocities  to  deal  with,  and  that 
these  vary  with  the  volume  of  flow  through  the  same  section.  The  actual 
slope  and  velocity  may  be  assimied  to  lie  somewhere  between  those  de- 
duced in  the  two  cases,  and  therefore  to  correspond  to  the  deduced  hy- 
draulic radiiLS.  These  theoretical  results  are  of  practical  value  only  when 
they  point  to  bottom,  velocities  possessing  a  scouring  i)ower  of  sufficient 
intensity  to  maintain  the  new  channel.  In  the  case  under  discussion 
tliey  theoretically  satisfy  that  condition.  Greater  velocities  could  of 
course  be  established  between  the  jetties  by  raising  them  higher,  and  in 
the  seaward  profile  by  extending  them  fiutlier  out  upon  the  bar. 

It  is  quite  likely  that  there  woiUd  be  an  advantage  in  locatmg  the  sea- 
ends  of  the  jetties  about  one-foiuth  of  a  mile  to  the  southward  of  the 
points  indicated  on  Plate  I.  This  would  place  the  center  of  the  half-mile 
<rap  at  the  point  Y,  where  the  sea-end  of  the  south  jetty  is  placed  in  the 
drawing,  aiul  would  turn  the  axis  of  the  new  chamiel  more  away  fix)m 
the  prevailing  storms  which  come  from  the  northeast.  The  jetties  in 
these  positions  are  shown  in  Plate  I,  by  heavy  broken  lines.  It  is  not 
intended  in  this  project  to  fix  definitely  either  the  length  or  the  height  of 
the  jetties,  or  their  precise  location  or  distance  apart,  but  to  submit  a 
general  plan  of  improvement  by  means  of  submerged  jetties  that  shall 
have  their  crests,  throughout  those  portions  which  cross  the  thread  of 
the  cunent,  at  a  height  corresponding  to  the  least  width  of  the  gap 
l>etween  them,  the  objects  sought  by  this  method  being  to  lessen  the 
first  cost  of  the  jetties,  and  to  obviate  the  necessity  of  their  subsequent 
extension. 

The  foregoing  discussion  will  be  revised  if  necessary  in  a  supplement- 
an'  repoit,  as  soon  as  the  actual  velocities  and  slopes  have  been  ascer- 
tained b3'  oV)servation. 

CONSTRUCTION  AND  ESTEMATES. 

The  jetties  to  which  the  following  estimates  apply  are  those  last 
(ILscussed,  located  on  the  lines  CX'  and  I)Y',  Plate  I.  The  varying 
heights  to  which  they  rise  above  the  bottom  are  shown  by  heavy  i)arallel 
hatching  in  longitudinal  sections  CXX'  and  DYY',  Plate  II. 

Their  sea-ends  for  a  length  of  3,000  feet  on  the  north  jetty  and  3,500 
feet  on  the  south  jetty  have  their' crests  at  the  level  of  half  flood  of 
spring-tides,  or  three  feet  above  mean  low-water. 

The  total  length  of  the  north  jetty  is  S,S40  feet,  and  that  of  the  south 
jetty  13,040  feet.  They  are  to  consist  of  a  superstnictm^e  of  riprap 
Htones  with  rather  low  side  slopes  restiug  on  a  mattress  of  fascines  2 
feet  thick. 

The  slope  on  the  exterior  faces  of  the  jetties  will  be  1  ui)on  2  through- 
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out  their  entii'e  leii^li.  On  the  interior  faces  it  will  be  1  upon  1 J  except 
on  the  sea-ends,  where,  for  a  distance  of  about  half  a  mile,  it  will  be  1 
ui)on  2. 

For  the  north  jetty  the  minimum  width  on  top  is  15  feet.  This  is  in 
the  lowest  portion  where  it  crosses  Beach  Channel.  From  that  i>oiut 
outward  the  width  increases  to  24  feet,  which  is  adopted  for  that  por- 
tion  which  rises  above  mean  low-water  level. 

The  south  jetty  has  a  minimum  width  of  crest  of  12  feet  where  it 
crosses  the  main  channel,  at  depths  varsin^  from  10  to  15  feet  l)elow 
mean  low- water.  Thence  outward  the  width  increases  to  24  feet  for  the 
highest  part,  as  in  the  case  of  the  north  jetty. 

It  cannot  perhaps  be  safely  assumed  that  l>ed8  of  clay  which  may  l)e 
encountered  near  the  surface  are  sufficiently  firm  to  resist  the  weight  of 
the  works  without  considerable  subsidence.  Where  such  l>eds,  however, 
are  overlaid  by  a  thick  stratum  of  sand,  or  a  mixture  of  sand  and  shells, 
no  great  disturbance  may  be  expected. 

AVhere  the  jetties  are  constantly  submerged  they  will  not  exert  a 
pressui-e  upon  the  mattreas  foundation  exceeding  91  pounds  per  square 
foot  for  eveiy  foot  in  height,  to  which  must  Ix^  added,  where  the  work 
rises  above  low-water  level,  about  59  pounds  more  for  each  lV)ot  in  height 
duiing  the  time  they  are  out  of  water.  This  takes  no  account  of  any 
lateral  distribution  of  weight,  which  must  in  a  greater  or  less  degree 
take  place  in  riprap  constnictions. 

There  being  only  two  i)oints  where  the  actual  pressm^e  ui>on  the 
bottom  will  approach  near  to  one  ton  i)er  square  foot,  while  it  \\ill  gen- 
erally fall  below  one-half  ton,  it  is  believed  that  no  settlement  or  dis- 
turl)ance  of  a  very  serious  character  will  be  likely  to  take  place.  At  the 
two  points  referred  to,  in  the  main  channel,  both  weight  and  cost  could 
be  reduced  by  replacing  a  portion  of  the  hearting  of  the  jetty  with  mat- 
tresses similar  to  those  used  for  the  foundation,  as  shown  in  Fig.  2, 
Plate  II,  care  being  taken  to  keep  the  wood  well  inside  the  riprap,  so 
that  after  the  voids  in  the  latter  have  become  filled  with  sand  it  would 
be  safe  from  the  ravages  of  wonns.  l>iuing  the  progress  of  work  the 
voids  could  be  filled  at  moderate  cost  by  pumping  from  the  bottom 
near  by. 

The  quantities  given  in  the  following  estimate  assume  the  jetties  above 
the  foundation  mattresses  to  be  built  of  riprap  only.  The  probable  sav- 
ing in  cost  that  might  be  made  by. using  a  hearting  of  mattresses  wher- 
ever admissible  in  both  jetties  is  given  in  a  separate  item. 

In  calculating  the  quantities,  the  mattress  foundation  is  supposed  to 
rest  one  foot  below  the  surface  of  the  bottom,  thus  adding  one  foot  to 
the  depths  shown  in  the  cross-sections  and  diminishing  the  allowance  to 
be  made  for  subsidence  and  compression. 

At  present  prices  a  liberal  estimate  for  the  riprap  work  is  85.50  i)er 
cubic  yard,  and  for  mattresses  $1.50  per  square  yard,  2  feet  thick. 

NORTH  JETTY. 

58,000  square  yards  of  mattress  foundation,  at  $1.50 8^7, 000 

71, 000  cubic  yards  of  riprap,  at  5*5.50 • 390,500 

$477,500 

SOUTH  JETTY. 

87,400  square  yards  of  mattress  foundation,  at  ^1.50 131,  OiX) 

138, 600  cubic  yards  riprap,  at  $v5.60 762,300 

893,300 

Total  cost  for  both  jetties,  all  riprap  above  foundation 1, 370, 800 


1 


/ 
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Add  forfalsr  work,  piles,  &(• $100,000 

Add  20  per  cent,  for  MuUsideiice,  coiiiprfssion,  aud  coutiiigeucies  ou  iu-shore 

or  submerged  portioiiK  of  jetties 230, 280 

Add  37  per  cent,  for  subsidence,  couipressiou,  and  contingencies  on  seaward 

end8  of  jetties 179,420 

Excavating  by  dredging  and  raking,  by  contract,  necessarj^  in  depths  less 

tlijiu  31  feet  below  mean  low- water 76, 000 

For  eighteen  months'  work  of  United  States  tb-edgiug-steamer  Henrv  Bur- 
den, rendered  at  various  times  in  connection  with  other  work  (inctuding 
current  repairs  and  renewals  of  vessel  and  machinery) 26, 000 

Office  expenses,  sni)erintendence,  inspectors,  &c.,  for  four  years *---.        65,000 

2, 047, 500 
Subtract  for  hearting  of  mattresses  where  admissible 247, 500 

Total  estimated  cost 1,800,000 

In  the  execution  of  works  of  the  character  and  mafcnitnde  of  those 
contemplated  in  the  foregoing  project  there  are  many  advantages  in  hav- 
ing the  fimds  supplied  in  liberal  sums. 

If  the  project  be  adopted  the  annual  appropriation  of  about  one-foiu^th 
the  entire  amount  of  the  estimate  for  four  successive  years  is  very  desir- 
able. The  completion  of  the  work  in  three  years  would  accomplish  a 
considerable  saving  in  the  aggregate  cost. 

Respectfully  submitted. 

Q.   A.   GlLLMORE, 

Lieut  Col,  of  Engineers  J  Brevet  MajorGeneralj  l\  S,  A. 

Brig.  Gen.  A.  A.  Hu^iphbeys, 

Chief  of  Engineers^  U.  S,  A, 


preliminary  report  of  board  of  engineers. 

Army  Building, 
Kew  Yorkj  April  24,  1878. 

General  :  The  board  of  oflftcers  of  the  Corps  of  Engineers,  constituted 
by  Si>ecial  Orders  Xo.  28,  Headquarters  Corps  of  Engineers,  Washing- 
ton, D.  C,  March  19,  1878,  with  instructions  to  take  into  consideration 
and  report  upon  a  project  for  the  permanent  improvement  of  the  chan- 
nel of  entrance  into  Charleston  Harbor,  South  Carolina,  submitted  by 
General  Gillmore,  have  the  honor  to  submit  this  preliminary'  report. 

The  board  have  examined  the  project  in  question  so  far  as  this  could 
be  done  without  additional  information  as  to  the  sulfate  and  bottom 
velocities  upon  the  bar. 

The  board  have  also,  in  a  general  way,  discussed  the  project  for  an 
improvement  of  the  channel  by  ordinary  jetties  rising  above  low-water 
and  more  distant  from  each  other  than  in  the  plan  i^resented  for  inves- 
tigation, and  General  Gillmore  has  made  an  approximate  estimate  for 
the  same. 

But  it  is  not  the  intention  of  the  board  at  present  to  define  the  jetties 
in  any  precise  manner  as  to  their  distance  apart,  their  extent  measured 
from  the  shore,  or  the  heights  with  respect  to  low- water  to  which  these 
structures  should  be  carried.  All  such  points  will  be  discussed  in  a 
fiiture  report  based  upon  all  the  information  which  the  locality  can  fur- 
nish i)ertinent  to  the  subject.  But  the  board  is  of  opinion  that  the  chan-' 
nel  over  the  bar  can  be  improved,  to  a  probable  depth  at  mean  low-water 
of  21  feet,  by  the  use  of  jetties  submerged  in  whole  or  in  part,  and  by 
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a  mode  of  constnietion  very  grra<lual  in  its  process,  which  will  admit  of 
such  modifications  in  the  len^^hs  and  heights  of  the  jetties  as  experience 
shall  dictate.  And,  ftirther,  the  board  concurs  with  the  Aiews  expressed 
by  General  Gillmore  in  his  report  that  the  project  adopted  shouhl  dis- 
turb to  the  least  i)os*sible  degree  the  present  regimen  of  influx  and  efflux 
over  the  bar. 

According  to  the  extent  of  the  project  which  ma^'  be  adoj^ted  the  co55t 
will  be  from  8 1 ,80(),(MH)  to  $3,000,000. 
Kesi)ectfully  submitted. 

Z.  B.  Tower, 
Colonel  of  Engineers^  Brevet  Major- General, 

H.  G.  Wright, 
Lieut.  Col.  of  Engineers^  Brevet  Major- General. 

John  Newton, 
Lieut.  Col.  of  Engineers^  Brevet  Major-General. 

Q.  A.  Gillmore, 
Lieut.  Col.  of  Engineers.  Brevet  Major-GeneraL 

Brig.  Gen.  A.  A.  IlrMPHKEYS, 

Chief  of  Engineers^  U.  S.  A. 


H2. 

IMPROVEMENT  OF  SAVANNAH  RIVER  AND  HARBOR,  GEORGIA. 

The  work  that  has  been  earned  on  during  the  pa.st  fisccal  year,  for  the 
improvement  of  tlie  navigation  of  the  Savannah  River,  has  consisted 
mainly  in  di-edging  at  tluee  points,  viz :  First,  on  the  shoal  northeast  of 
Fort  Pulaski;  second,  on  the  shoal  southwest  from  Oyster  Bed  light,  near 
Fort  Pulaski ;  and,  third,  in  the  new  channel  at  "  The  Wrecks." 

At  the  close  of  the  fiscal  year  my  assistant,  Capt.  James  C.  Post, 
Coi-ps  of  Engineers,  aided  by  George  Daubeney,  assistant  engineer,  was 
engaged  in  gauging  the  stream  at  several  points,  with  a  view  to  secur- 
ing some  requisite  data  for  an  intelligent  discussion  of  such  questions  of 
improvement  a«  are  likely  to  arise  during  the  expendituie  of  the  appro- 
priation now  available  for  this  point. 

Captain  Post's  report  for  the  last  fiscal  year  is  transmitted  herewith. 

WORK  CONTEMPLATED  DURING  THE  PRESENT  FISCAL   ^\EAR. 

I  do  not  consider  it  expedient  or  proper  to  attempt  to  specify  at  this 
time,  except  in  a  very  general  way,  all  the  work  to  which  the  sum  of 
§70,000  appropriated  by  act  approved  June  18, 1878,  should  be  devoted. 

Heretofore  the  demands  of  commerce  often  seemed  to  require  the  ex- 
penditure of  money  with  special  reference  to  the  speedy  amelioration  of 
existing  CAils,  and  with  no  gTeat  regard  to  the  permanency  of  the  im- 
provement accomplished.  Dredging  has,  therefore,  been  freely  resorted 
to,  even  at  points  where  it  was  presumed  the  work  woidd  have  to  be  in 
part  repeated.  All  the  new  channels,  however,  have  been  essentially 
permanent  up  to  the  present  time,  although  they  have  i>erhai)S  rea<died 
the  maxinumi  depths  which  can  be  judiciously  established  by  dredging 
alone.  Low  training- walls  will  have  to  l)e  constructed  at  a  few  XH)ints 
for  the  purpose  of  nanowing  the  water-way,  while  at  others  the.chan- 
nel  will  require  widening. 

A  project  for  this  class  of  works  will  be  prepared  at  the  proi)er  time. 
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The  first  work  to  be  done  during  the  present  fiscal  year  is  the  con- 
struction of  the  submerged  dam,  composed  of  riprap  resting  on  a  mat- 
ti*ess  of  fascines,  or  a  brush  and  timber  foundation,  alieady  api)roved  for 
the  Cross  Tides. 

Wlien  this  has  been  carried  up  as  high  as  may,  in  the  first  instance,  be 
deemed  desirable,  and  when  the  effects  which  the  increased  ebb-flow  in 
the  Front  Eiver  produces  or  is  likely  to  produce  in  the  channel  along 
the  city  fi'ont  and  upon  the  shoal  known  a«  Garden  Bank,  as  well  as  in 
the  new  channel  at ''  The  Wrecks,"  have  been  observed  and  studied,  the 
l)roper  time  will  have  amved  for  preparing  a  project  for  futiu^e  work. 

The  comi>letion  of  the  work  of  gauging  the  stream  at  several  points,  and 
the  construction  of  the  Cross  Tides  Dam,  are  the  only  operations  that  I 
am,  as  yet,  prepared  to  recommend  for  the  pi*esent  fiscal  year. 

This  work  of  improvement  is  located  in  the  customs  district  of  Savannah. 

The  important  commercial  interests  to  be  benefited  by  the  proposed 
impi-ovements  are  indicated  by  the  letter  of  Hon.  John  F.  Wheaton, 
mavor  of  the  citv  of  Savannah,  and  the  tables  of  commercial  statistics 
extracted  from  the  mayoi^s  annual  repoit  for  the  year  1877,  appended 
hereto. 

The  estimated  cost  of  the  contemplated  improvements  of  the  Savan- 
nah River,  submitted  August  28,  1873,  not  including  the  cost  of  the 
necessaiy  oulkhead  along  the  amended  water-way,  and  jetties  and  bulk- 
heads elsew^here,  is  $481,320. 

The  amounts  and  dates  of  the  appropriations  made  since  the  adoption 
of  the  i^resent  project  are  as  follows : 

By  act  approved  June  23,  1874 $50,000  00 

By  act  approved  March  3,  1875 70,000  00 

By  act  approved  August  14,  1876 62,000  00 

By  act  approved  June  18,  1878 70,000  00 

Total 252,000  00 

Of  this  amount  there  had  been  expended  up  to  the  close  of  the  last 
fiscal  year  (including  outstanding  liabilities)  $181,558.70. 

Money  statement 

July  1,  1877,  amount  available $37,137  32 

Amount  ai^propriated  bv  act  approved  June  18,  1878 70, 000  00 

$107, 137  32 

July  1 ,  1878,  amount  expended  during  fiscal  vear 36, 453  83 

July  1,  1878,  outstanding  liabilities \ 242  19 

36,696  02 

July  1,  1878,  amount  available 70,441  30 


Amount  (estimated)  required  for  completion  of  existing  pmject 229, 320  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     150, 000  00 


REPORT  OF   CMTAIX  JAMES  C.    POST,    CORPS  OF   ENGINEERS. 

Savannah,  Ga.,  July  8,  1878. 

Ci>LONEL :  I  have  to  submit  the  follow ing  report  upon  the  work  for  the  improvement 
of  the  Savannah  River  for  the  fiscal  year  ending  June  30,  1878 : 

The  following  are  the  places  at  which  operations  have  been  conducted,  viz : 

1st.  New  channel  at  **The  Wrecks." 

2d.  The  shpal  southwest  from  the  Oyster  Bed  light  and  northwest  of  Fort  Pulaski.. 

3«1.  The  channel  northeast  of  Foil  Pulaski. 

4th.  The  Gross  Tides. 
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At  the  completion  of  the  contracts  with  the  American  Dredging  'Company  [and 
the  City  of  Savannah,  mentioned  in  the  last  annual  report,  the  latter  being  com- 
pleted in  August  and  the  former  in  September,  the  new  channel  at  ** The 'Wrecks''' 
nad  been  mtule  102  feet  wide  and  13  feet  deep  mean  low-water.  This  channel  by  the 
scour  of  the  ebb-tide  has  now  widened  materially  for  neariy  half  its  length,  from  the 
western  end,  though  somewhat  irregularly,  retaining  at  the  same  time  the  full  dredged 
depth  of  13  feet  mean  low-water.  Tlie  lower  half  of  the  eastern  portion,  without  a 
material  increase  of  width,  has  shoaled  in  two  places  to  12  feet  mean  low-water.  To 
determine  the  true  cause  of  this  shoaling  at  the  present  time  is  somewhat  difficult,  as 
it  may  be  the  result  of  two  indejiendent  actions :  Firet,  the  natural  flow  of  the  tides, 
and  secondly,  the  grounding  of  two  or  three  vessels  against  the  sides  of  the  channel 
where  they  remained  through  two  or  three  tides.  As  the  running  aground  of  these 
vessels  must  have  broken  down  the  sides,  and  thus  interrupted  the  free  passage  of 
water  through  the  channel,  I  am  inclined  to  attribute  this  diminution  of  depth  t-o  this 
latter  cause  rather  than  to  the  former.  The  success  of  this  new  channel  has,  durinff 
the  pa«t  season,  been  of  ^eat  assistance  to  commerce,  as  vessels  drawing  the  fufl 
draught  of  water  with  which  they  can  cross  the  "obstructions"  or  lower  flats  at  high- 
water,  have  been  enabled  to  pass  to  and  from  the  city  without  delay,  on  either  ebb 
or  flood  tide,  provided  they  reached  the  lower  flats  at  high-water.  By  adopting  this 
course,  several  vessels  on  ^ring-tides  have  left  the  city  drawing  18  feet  4  inches  and 
proceeded  to  Venus  Point  on  one  tide,  whereas,  before  the  channel  was  opened,  16  feet 
6  inches  was  the  maximum  draught  that  could  pass  out,  and  even  with  this,  it  was  more 
than  probable  that  two  tides  would  be  consumed,  on  account  of  it  l)eing  necessary  to 
pass  tnrough  "The  Wrecks"  Channel  at  high-water.  The  real  value  of  the  new  chan- 
nel, in  its  present  state,  to  commerce  can  therefore  be  placed  at  1  foot  10  inches  of 
draught,  or  nearly  2  feet,  besides  making  the  navigation  of  this  portion  of  the  river 
much  easier  by  being  direct  and  straight. 

The  dredging  steamer  Henry  Burden  continued  working  in  the  channel  northeast  of 
Fort  Pulaski  until  July  27,  when  it  was  decided  to  transfer  her  to  Charleston,  S.  C. 
From  the  1st  to  27th  of  July  9,656  cubic  yards  were  removed.  During  the  month  of 
April  7,815  cubic  yards  were  also  removed  from  this  channel  by  the  steamer  Burden. 

The  shoal  opposite  the  Oyster  Bed  light  continuing  to  increase,  it  became  such  an 
obstacle  to  navigation  that  in  March  it  was  necessary  to  commence  its  removal. 
Accordingly,  on  March  25,  the  steamer  Henry  Burden  commenced  work  at  this  point. 
This,  however,  was  discontinued  after  worlang  about  two  weeks  and  removing  only 
2,948  cubic  yards,  as  it  was  found  that  the  presence  of  the  wreck  caused  the  steamer 
to  work  at  such  a  disa<lvantage  that  it  was  decided  to  employ  a  dre<lge  with  the  ordi- 
nary equipment  for  the  removal  of  this  wreck  and  shoal.  A  contract  wa«,  in  conse- 
quence, made  with  the  American  Dredging  Company  for  the  removal  of  8,000  cubic 
yards  of  material  at  40  cents  per  yani ;  such  portions  of  the  wreck  to  be  removed  as 
came  into  the  lines  specifle<l  for  the  dredging.  At  the  conclusion  of  this  contract  the 
channel  at  this  point  was  increased  120  £et  in  width,  and  deepened  to  14  feet  mean 
low-water. 

Ten  piles,  which  acted  as  an  obstacle  to  the  navigation  of  the  Cross-Tides,  were  also 
removed  by  the  above-mentioned  company. 

In  order  to  complete  the  data  already  obtained  for  the  thorough  discussion  of  the 
improvement  of  ttis  river,  a  series  of  observations  were  commenced  about  June  1  to 
ascertain  the  amount  of  water  flowing  through  the  different  river  channels,  and  also 
to  ascertain  the  amount  of  fall  in  each  of  them.  To  explain  the  method  determined 
upon  more  fully,  it  may  first  be  well  to  divide  the  river  from  the  Cross-Tides  to  Tybee 
Hoads  into  three  sections,  numbered  1,  2,  and  3,  successively,  viz: 

1st  section. — All  that  portion  of  the  river  included  between  the  Cross-Tides  and  Fort 
Jackson. 

2d  section. — That  portion  from  the  head  of  Elba  Island  to  the  head  of  Long  Island. 

3d  section. — The  portion  including  the  shoal  at  the  Oyster  Bed  light  and  the  chan- 
nel northeast  of  F"ort  Pulaski. 

In  eacli  of  these  sections  any  work  of  improvement  made  in  any  portion  has  a  direct 
bearing  upon  all  the  other  portions. 

To  oljtain  the  requisite  data  for  the  1st  section,  it  was  determined  to  gauge  the 
Cross-Tides,  and  also  Front  River  between  Kings  and  Marsh  Islands,  and  to  obtain  the 
fall  through  the  Cross-Tides  and  the  different  portions  of  Front  River  to  Fort  Jackson. 

In  the  2d  section  it  is  intended  to  gauge  both  the  north  and  south  channels  near  the 
junction  at  the  head  of  Elba  Island,  and  to  make  current-observations  in  each  of  the 
openings  between  the  islands  on  the  south  side  of  the  north  channel,  to  ascertain  what 
will  be  the  eff*ect  of  closing  them.  To  determine  the  effect  of  any  improvement  of  this 
portion  of  the  river  upon  the  eV»b  and  flow  in  Saint  Augustine  Creek,  it  is  also  intended 
to  make  current-ol»ser%'ations  at  its  entrance  into  South  Channel.  The  fall  in  the 
river  through  the  section  will  also  be  obtained. 

In  the  .3d  section,  the  results  of  the  iinproveinent  made  during  the  pa»t  month  upon 
the  channel  abreast  of  the  Oyster  Bed  liglit  will  detennine  the  best  course  to  pursue  in 
regard  to  it. 
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Thus  far,  the  only  data  obtained  is  the  high  and  low  water  slope,  throngh  the  Cross- 
Tide«  and  Front  River,  to  the  eastern  encl  of  Fig  Island.  Thi-ough  the  Cross-Tides, 
the  mean  of  10  observations  gave  the  water  praetically  level  at  high-water,  while  at 
low-water  the  same  number  of  obserN^ations  gave  a  fall  of  0.19  of  a  foot,  or  2^^  inches, 
which  is  at  the  rate  of  3^  inches  per  mile.  From  the  Cross-Tides  through  Front  River, 
the  fall  at  high-wat^r,  the  mean  of  14  observ-ations,  is  0.3  of  a  foot,  or  3^  inches,  and  at 
low-water  1  root.  The  distance  between  the  tide-gauge  at  the  Cross-Tides  and  that  at 
Fig  Island  wharf  is  nearly  6  miles ;  the  fall,  therefore,  through  Front  River  will  average 
0.6  of  an  inch  at  high-water  and  two  inches  at  low-water  per  mile.  The  Cross-Tides 
has  also  been  gauged,  but  suflficient  time  has  not  elapsed  since  its  completion  to  enable 
the  data  to  be  worked  out.  These  observations  will  be  continued  and  completed  as 
rapidly  as  possible. 

Soundings  taken  during  the  past  week  in  all  the  channels  dredged  during  previous 
years  indicate  that  they  remain  about  the  same  as  reported  last  year.  This  includes 
the  channel  between  King's  and  Hutchinson's  Islands,  at  Garden  Bank,  at  the  **  ob- 
structions "  or  head  of  Elba  Island,  and  the  upper  and  lower  flats.  The  depth  of  water 
on  the  western  end  of  Garden  Hank  has  increased  materially  since  last  year.  The  old 
channel  at  *'  The  Wrecks"  has  now  shoaled  to  8  feet  mean  low- water. 
Verj'  respectfully,  your  obedient  servant, 

Jas.  C.  Post, 
Captain  of  Engineers, 

Lient.  Col.  Q.  A.  Gillmore, 
Corps  of  Engineers,  U,  S.  A, 


commercial  statisttcs. 

City  of  Savannah, 
Mayor's  Officty  June  8,  1878.    ' 

General  :  I  have  the  honor  to  acknowledge  receipt  of  your  letter  of  the  27th  ultimo, 
and  herewith  submit  a  general  statement  of  the  information  you  request. 

The  section  of  counti^-  from  which  Savannah  derives  its  business  embraces  Georgia, 
Florida,  Alabama,  Mississippi,  Tennessee,  and  that  portion  of  South  Carolina  border- 
ing, or  adjacent  to  the  Savannah  River.  This  country  is  made  tributary  to  the  busi- 
ness of  the  city,  by  the  Central  Railroad  of  Georgia,  extending  to  Augusts  130  miles, 
to  Atlanta  300  miles,  to  Columbus  and  Opelika  330  miles,  to  Eufaula  300  miles,  with 
connections  at  all  these  points  with  roads  running  through  South  Carolina,  Tennessee, 
Alabama,  Mississippi^  and  to  aU  points  north,  south,  and  west ;  by  the  Atlantic  and 
Gulf  Railroad  to  Bainbridge,  on  the  Flint  and  Apalachicola  Rivers,  260  miles,  to 
Albany  220  miles,  and  to  Live  Oak,  Fla.,  160  miles,  connecting  at  the  latter  point  with 
Jacksonville,  Pensacola,  and  Mobile  Railroads,  and  all  the  other  railroads  in  that  State ; 
by  the  Savannah,  Altamaha,  Satilla,  and  Saint  Mary's  Rivers,  on  all  of  which  there  are 
regular  lines  of  steamers  making  semi- weekly  trips ;  also  by  steamers  with  Florida,  run- 
ning alon^  the  coast  of  Georgia  and  Florida,  to  and  up  the  Saint  John's  River.  For 
the  statistics  of  foreign  and  domestic  exports  for  the  year  1877, 1  refer  you  to  the  mayor's 
report  for  that  year,  page^  94  and  95,  copy  of  which  I  mail  you  under  a  separate  cover. 
It  isproper  to  remark  that  the  epidemic  of  yeUow  fever  which  prevailed  here  in  the  fall 
of  18/6,  materially  decrejised  the  business  of  the  port  for  the  year  1877,  at  a  reasonable 
estimate  diverting  100,000  bales  of  cotton  to  other  ports,  besides  large  quantities  of  other 
merchandise. 

The  exports  for  the  year  1878  will  be  largely  in  excess  of  1877,  the  receipts  and  ex- 
ports of  cotton  amounting  to  this  time  to  over  600,000  bales.  It  is  estimated  that  the 
total  exports  for  the  cotton  year  1877-78  will  exceed  650,000  bales,  200,000  barrels  naval 
stores,  50,000,000  feet  lumber  and  timber,  25,000  tierces  of  rice,  and  30,000  bale«  of  wool, 
and  a  very  large  increase  of  the  firuit  and  vegetable  trade,  and  in  merchandise  generally. 
These  estimates  are  based  on  actual  figures  to  this  time.  It  is  confidently  expected 
that  the  receipts  of  cotton  at  this  port  for  the  cotton  year  1878-'79  will  reach  ^,000 
bales.  This  increase  will  result  from  the  increased  facilities  for  moving  merchandise 
promptly  and  safely. 

During  the  past  year  two  steamers,  in  addition  to  those  previously  on  that  trade,  have 
been  x>laeed  on  the  line  to  New  York,  and  two  others  are  now  building  for  the  same 
line,  that  will  be  completed  in  September  next ;  all  of  over  2,100  tons  capacity  and  draw- 
ing 16^  feet  of  water  loaded. 

There  has  also  been  a  decided  improvement  in  the  steamers  trading  to  Baltimore, 
much  larger  and  finer  ships  being  now  employed  than  have  been  in  tlio  past.  It  is 
also  noticeable  that  the  sailing-vessels  that  trade  at  this  port,  are  generally  of  larger 
tonnage  than  heretofore,  and  during  the  past  spring  there  have  been  several  instances 
of  ships  goiug'from  our  wharves  to  sea  drawing  18  feet  3  inches  of  water.  The  ton- 
nage statistics  for  the  year  1877  show  a  larger  amount  of  t<innage  visiting  this  \}ovi 
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than  for  several  years  previously,  and  there  is  every  i*easou  to  snpi>09e  that  a  much 
greater  touna^e^will  be  requii-etl  the  coming  seajjou.  ' 


Very'respectfuUy,  your  obedient  servant, 

Gen.  Q.  A.  Gillmore, 

Lieutenant-Colonel  of  Engineers. 


JOHX  F.  Wheatox,  Mayor. 


Imports f  port  of  Sarannahj  1877. 


Articles. 


Salt 

Coffee do 

Coal Tons. 

Supar Pounds 

Molasses Gallons 


Unit  of 
quantity. 


Cotton-ties 
Chains 


Superphosphate 
Brimstone 


Sponge  

Earthen  wai-e 

FniitM  of  all  kinds 

Silver  coin 

Gold  coin 

All  articleH  not  above  specified 


Total 

Total  import  duty  collected. 


Bundles 
Pounds . 
Tons.... 
...do... 


Quantity. 


Pounds  ...    13,  733,  271 


2,  245.  263 

1,479 

89.556 

95,  781 

16.  383 

29,852 

725 

725 


Value. 


1^4.233  00 

397.  320  m 

3,060  00 

4,  612  00 

22,044  00 

15, 643  00 

1,  247  00 

12,164  00 

15.  370  00 

10. 972  00 

1, 167  m 

8,760  00 

27,945  00 

820  00 

19,  571  00 


564,937  OO 
34.959  93 


Foreign  exports j  port  of  tSarannah^  1877. 


Articles. 


Quantity. 


Cotton,  upland,  288,533  bales 1135, 393.  504 


Cotton,  sea-island,  1,219  bales 

!Naval  stoi-es 

Lumber,  fret 

ShinjLcle.s,  t housands 

Timber,  cubic  feet 

All  other  articles  not  specified  above 


Total  value. 


425,  374 


17,  675,  000 
301 

481,888 


Value. 


$15,  669.  574 

124. 797 

83.790 

245,368 

1,417 

70,406 

48,729 


16,  244, 081 


Mkmokaxda. — The  exports  of  cotton  (foreign)  al)ove,  represent  the  transactions  of  the  commercial 
year  conim  -ucing  September  1,  1870,  and  ending  August  31,  1877. 


Coasttcise  exports,  port  of  Savannah,  1877. 


Quantitv. 

217,47-2 

7,179 

2,181 

18,559 

11,866 

16.  m 


Cotton,  npland,  bale« I 

Cotton,  sea-island,  bales 

Hides  (baled),  bales 

Hides  (single),  nnmber 

Domestic  and  yam,  bales 

Rice,  casks 

Timber,  sup.  ft 2,500,OOH 

Lnmber,  snp.  ft 25,314,972 

102,274 

ie,453 

1,143 

31*2 

i,m 

733 

23,284 

20.4(15 

26,345 

2S2 

376 

237 


Rosin,  barrels 

Spirits  turpentine,  barrels 

W  ool,  bales    

Moss,  bales 

Old  iron,  tons 

Paper  stock,  bales 

Fruit,  packages 

Vegetables,  packages 

Melons,  nnmber 

Clay,  casks 

Sponge,  bales 

Coffee,  sacks 

Sugar  (hogsheads,  2,194  ;  barrels,  3,590) 
Sirup  (hogsheads,  115;  barrels,  365).... 
Merchandise,  miscellaneous,  i)aekages.. 


59,291 
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Tonnage  for  the  port  of  Savannah  for  1877. 


American  vesseU  entered 
American  vetiaels  cleared 
Foreign  ve»«elH  entered. . 
Foreign  ve»8*"la  cleared. . 

Total  foreign 

Coastwise  arrivalg 

Coast  wise  clearanoes 

Total  coa«twi«e 

Total  foreign 

Grand  total 

37e 


Tonnage. 


40.048 

44,829 

168.247 

103.342 


357, 366 


379,826 
439.370 


819, 196 


819, 196 
357.366 


1, 176,  562 


Men. 


951 
1,066 
3,950 
2,589 


8,556 


10,867 
12,081 


22,948 


22,948 
8.556 


31,504 


1 
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H3. 


IMPROVEMENT  OF  SAINT  AUGUSTINE  CREEK  (THUNDERBOLT  RIVER), 

GEORGIA. 

This  river  forms  part  of  the  inside  passage  between  the  Savannah 
Biver  and  Wassaw  Sound,  and  is  used  by  the  steamers  plying  between 
Savannah,  Brunswick,  Darien,  Femandina,  and  the  towns  on  the  Saint 
John's  River,  Florida. 

The  only  improvement  nee<led  has  already  been  recommended  more 
than  once,  viz,  the  removal  of  a  heavy  timber  dry -dock  sunb  there  dur- 
ing the  civil  war.  It  now  lies  directly  in  the  channel  in  20  to  25  feet  of 
water,  and  constitutes  a  very  dangerous  obstruction.  A  number  of  casu- 
alties of  greater  or  less  im})ortance  have  already  been  caused  by  it.  Its 
length  is  225  feet,  depth  25  feet,  and  breadth  65  feet,  its  tliickness  on 
the  bottom  being  3  feet,  and  on  the  sides  6  feet  and  upward.  Its  re- 
moval to  a  depth  of  10  feet  mean  low- water  will  suffice.  No  appropria- 
tion has  ever  been  made  by  Congress  for  the  improvement  of  this  stream. 

Appropriation  recommeuded  for  this  porpode $5, 000  00 


H4. 
IMPROVEMENT  OF  THE  HARBOR  AT  DARIEN,  GEORGIA. 

The  act  of  Congress  approved  June  18,  1878,  appropriates  the  sum  of 
♦8^000  for  the  improvement  of  the  harbor  at  Darien,  Ga.  This  appro- 
priation, which  is  the  tirst  that  has  been  made  for  this  piui>ose,  is  not 
based  upon  any  preliminary  survey  or  upon  any  project  prepared  by  me 
or  under  my  direction. 

The  town  of  Darien  is  situated  on  Darien  River,  11  or  12  miles  from 
Doboy  Sound,  measured  sdong  the  tortuous  channel  of  the  stream.  The 
river  enters  the  sound  by  two  mouths,  one  of  which,  called  Back  River, 
between  Commodore  and  Wolf  Islands,  was  the  subject  of  correspondence 
with  the  Chief  of  Engineers  in  the  winter  of  1874-'75,  with  reference  to 
its  improvement  by  the  United  States.  A  shoal,  with  only  9  to  10  feet 
of  water  upon  it,  existed  in  the  channel-way  and  interfered  with  the 
business  of  dipping  lumber  and  timber,  which  is  carried  on  to  a  very 
considerable  extent  in  that  locality. 

During  the  present  fiscal  year  the  sum  appropriated  will  be  expended 
in  deepening  the  water  on  this  shoal.  It  is  presumed  that  the  whole  of 
it  will  be  required  for  this  purpose. 

This  improvement  is  in  the  customs-district  of  Brunswick,  Ga. 

No  recent  commercial  statistics  are  at  hand.  The  exx)ortation  of  tim- 
ber and  lumber,  as  shown  in  the  appended  table,  indicates  the  extent  to 
which  the  general  commerce  of  the  country  may  be  benefited  by  the  pro- 
posed improvement. 

Money  statement 

Amoant  appropriated  by  act  approved  June  Id,  1878 $8,000  00 

July  1,  1878,  amount  available 8,000  00 

Amount  (estimated)  required  for  completion  of  existing  project H,  000  00 
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Statement  of  marine  and  export  trade  of  Darienj  Ga,  showing  shipments  of  timber  and  Urn- 

her  in  the  years  1871  to  1874  incluitive. 


Year. 


1871 
1872 
1873 
1874 


Feet 
21, 141, 125 
30, 500,  6&5 
49,  885. 437 
59,  563, 341 


Lamber. 


Feet. 

14.123,710 
17, 039, 717 
19.  886. 431 
18, 164, 80 


H5. 

INSIDE  PASSAGE  BETWEEN  THE  SAINT  JOHN'S  RIVER  AND  I^ERNANT)INA, 

FLORIDA. 

No  work  was  done  upon  tliis  passage  during  the  fiscal  year  just  closed, 
there  being  no  funds  available  for  the  purpose,  and  no  money  wa^s  pro- 
\ided  for  the  present  fiscal  year. 

I  made  a  trip  through  this  passage  in  a  small  light-draught  steamer 
in  Febniary,  1878,  and  ascertained  from  the  master  and  pilots  that  no 
material  changes  had  taken  place  since  the  date  of  the  last  annual 
report.  Nor  is  there  likely  to  be  any  change  so  long  as  the  channel  is 
used  by  steamboats.  At  the  most  contracted  point,  through  Gunnison's 
Cut,  the  channel  at  low-water  is  scarcely  30  feet  wide  and  not  more  than 
2i^  feet  deep.  It  is  maintained  at  those  dimensions  by  the  passing  of 
vessels  through  it. 

Near  the  entrance  into  the  Saint  John's  River  there  is  another  veiy 
nan'ow  point. 

The  propriety  of  eidarging  the  passage  at  both  these  points  admits  of 
no  doubt,  so  long  as  the  channel  of  entrance  into  the  Saint  John's  River 
over  the  bar  at  its  mouth  remains  unimproved.  The  examination  of  that 
bar,  which  will  soon  be  made,  may  result  in  a  project  for  permanent 
works  of  improvement.  ShoiUd  this  be  the  case,  followed  by  an  appro- 
priation by  Congress  for  beginning  the  works,  the  idea  of  improving  the 
inside  passage  might  veiy  pi-operly  be  abandoned.  Otherwise  it  ought 
to  be  enlarged  and  maintained. 

It  is  recommended  that  an  appropriation  of  $10,000  be  made,  which 
will  be  applicable  to  the  improvement  of  the  inside  passage  between  the 
Saint  John's  River  and  Fernandina,  or  to  the  bar  at  the  mouth  of  Saint 
John's  River,  Florida,  as  the  Secretary  of  War  shall  direct. 


H  6. 


IMPROVEMENT  OF  THE   BAR  AT  THE  MOUTH  OF  SAINT  JOHN^S  RIVER, 

FLORIDA. 

No  work  was  done  during  the  last  fiscal  year,  no  fiinds  being  available 
for  this  improvement. 

By  act  approved  June  18,  1878,  the  sum  of  $10,000  was  appropriated 
"for  deepening  the  bar  at  the  mouth  of  Saint  John's  River,  Florida." 

It  is  proposed  to  expend  out  of  this  sum  whatever  may  be  necessary 
in  making  an  examination  of  the  lower  portion  of  tiie  stream  and  the  bar 
at  its  mouth,  in  order  to  obtain  the  requisite  data  for  a  project  for  works 
of  permanent  improvement.    The  stream  will  be  gauged  at  several  points. 
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and  borings  will  be  made  upon  the  bar  in  order  to  ascertain  the  character 
of  the  materials  of  which  it  is  composed,  and  their  capacity  for  supporting 
heavy  works.  This  examination  will  probably  cost  $2^500.  A  project 
for  expending  the  balance  of  the  $10,000  will  be  submitted  at  an  early 
day. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $10, 000  00 

July  1,  1878,  amount  available 10,000  00 


REPORT  OF  LIEUTENANT  H.  G.  WRIGHT,  UNITED  8TATE8  ENGINEERS,  MAY  24,  1853.* 

WAijHiNGTON,  D.  C,  May  24,  1853. 

Sir  :  I  have  the  honor  to  submit  herewith  a  map  of  the  survey  of  the  entrance  to  the 
8aint  John's  River  and  Fort  Georj^e  Inlet,  made  by  parties  of  the  Coast  Survey  under 
an  arranj^ement  entered  into  with  the  superintendent.  Prof.  A.  D.  Bache.  I  have  also 
to  submit  the  following  rejwrt  in  relation  to  the  improvement  of  the  bar  contemplated 
by  Congress  in  the  appropriation  made  for  that  object. 

The  river  Saint  John's  has  its  outlet  in  latitude  30^  20^',  runs  in  a  westerly  direction, 
or  nearly  i>erpendicular  to  the  coast-line,  to  Jacksonville,  an  estimated  distance  V»y  the 
windings  of  tne  channel  of  25  miles,  where  it  turns  to  the  southward  and  runs  nearly 
parallel  to  the  coast  for  the  remainder  of  its  extent.  Opposite  to  Jacksonville  it  is 
comparatively  narrow  and  very  deep ;  through  the  rest  of  its  course  fi*om  near  its  mouth 
to  as  high  up  as  Palatka,  and  even  somewhat  above,  an  estimated  distance  of  over  100 
miles,  it  is  broad  and  generally  shallow  with  the  exception  of  the  channel.  After 
]>assing  the  bar  a  depth  of  12  to  15  feet  may  be  carried  to  .Jacksonville,  and  from  10  to 
12  feet  to  Palatka.  Unlike  most  rivers  of  the  same  magnitude  it  is  seldom  subject  to 
heavy  freshet*  in  the  rainy  season,  and  its  current*  are  principally  the  result  of  the 
tide.  It  is  in  fact  ratlier  a  succession  of  lakes  than  a  river,  and  may  more  properly  be 
ccuisidered  as  an  extensive  lagoon,  like  Indian  Eiver.  A  little  aboVe  Jacksonville  iti 
width  Is  said  to  be  alnmt  5  miles. 

Its  importance  to  the  development  of  the  resources  of  the  eastern  section  of  the  pen- 
insula can  hardly  be  overrate<l,  penetrating  as  it  does  the  heart  of  the  country  through 
several  degrees  of  latitude,  and  furnishing  a  ready  means  of  transporting  its  produc- 
ti(»ns  to  a  market.  The  country  in  its  vicinity  is  being  graduallly  settled  up,  and  it* 
:]^^cultural  products  are  every  year  increasing.  These  all  tind  their  way  Ut  some 
pcdnt  on  the  river  from  which  they  are  shipped  either  to  Savannah  or  Charleston. 
The  Iuml>er  business  is  also  increasing  with  surprising  rapidity  and  is  now  liecome  an 
iniportaut  branch  of  industry,  the  Imnber  l»eing  ship)>ed  to  our  northern  ports  and  the 
West  Indies  by  brigs  and  schooners,  of  as  great  draught  as  can  be  carried  over  thfe  bar. 
Nearly  all  the  mills  in  East  Florida  are  situated  on  this  river.  The  contemplated  ship- 
canal  across  the  peninsula,  the  survey  for  which  was  provided  for  by  Congress  at  the 
same  time  with  the  appropriation  for  the  improvement  of  this  river,  must  probably 
liave  it*  eastern  terminus  on  the  Saint  John's,  and  will  most  likely  be  found  impractica- 
ble for  want  of  a  suitable  outlet,  unless  means  can  be  devised  for  deepening  it*  bar 
sufficiently  to  admit  vessels  of  a  large  class.  On  the  8Uccm»ss  of  it*  improvement,  too, 
rests  the  project  for  a  railroad  across  the  ])eninsula  terminating  at  Jacksonville,  a 
charter  for  which  was  grante<l  at  the  last  session  of  the  State  legislature. 

The  imi>ort}ince  of  the  river  to  the  prosperity  of  Ea*t  Florida,  and  the  advantages 
thus  imi)erfectly  set  forth,  which  would  be  derived  from  an  increased  depth  of  water 
on  its  bar,  so  as  to  ]>ermit  vessels  of  a  large  class  to  engage  in  its  commerce,  have  for 
iK)me  time  attni4?ted  the  attention  of  jwrsons  interested  in  the  advancement  of  their 
flt»ctitm  of  the  State,  and  examinations  were  made  with  the  view  of  devising  some  means 
of  improving  the  navigation.  One  of  these  mdiemes,  originating  with  Dr.  Baldwin, 
has  met  with  the  most  lavor,  and  has  been  submitted  by  him  to  the  department,  and 
on  his  estimate  the  present  appropriation  is  understood  to  have  l>een  made.  As  his 
plan  embraced  the  inlet  lying  a  little  in  the  north  of  the  mouth  of  the  river,  the  sur- 
vey on  which  the  map  now  submitted  wjis  founded  includes  it  within  its  limits. 

I  have  given  to  the  subject  of  this  improvement  the  greater  part  of  my  attention 
during  the  past  winttT,  and  have  studied  it  carefully,  both  as  a  matter  of  duty  and 
from  a  feeling  of  intereat  in  the  success  of  any  attempt  to  improve  this  the  great  river 
of  Florida.  The  result*  of  these  investigations  are  contained  on  the  map  of  the  sur- 
vey and  in  the  following  remarks. 
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The  obstruction  to  na\'igation  at  the  mouth  of  the  Saint  John's  is  the  bar  at  its  en- 
trance, shown  on  the  map,  on  which  there  is,  at  this  time,  only  7  feet  of  water  at  mean 
low  tide.  Bars  are  found  at  the  entrances  of  all  rivers,  harlwrs,  inlets,  &c.,  with  which  I 
am  acquainted,  except  those  in  the  coral  formations,  and  this  one  may,  it  is  presumed, 
be  fairly  attributed  to  the  same  cause  as  similar  bars  at  the  entrances  of  rivers,  &c., 
on  our  sandy  coast,  but  not  to  the  same  as  those  at  the  moutlis  of  rivers  which,  like 
the  Mississippi,  brinjj  down  large  amounts  of  sediment  from  the  interior  of  the  country, 
which  is  deposited  where  the  current  of  the  river  meets  resistance  enough  from  the 
great  body  of  the  exterior  waters  t<>  deaden  its  velocity.  The  bar  of  the  Saint  John's 
is  of  hard  sand,  is  disposed  in  a  ridge  which  slopes  oif  each  way,  and  is,  as  may  be 
expected,  at  the  point  where  the  current  of  the  river  is  nearly  deadened  by  the  waters 
of  the  ocean.  The  water  that  flows  in  and  out  of  the  river  is  very  free  frt>m  sediment 
a  slu)rt  distance  up  the  stream,  and  does  not,  I  am  sure,  bring  anything  down  in  sns- 
pensicm  that  is  dej>osited  on  the  bar.  What  little  is  brought  down  in  this  way  is  depos- 
ite<l  along  the  banks,  in  the  channel,  which  has  soft  bottom  in  places,  and  perhaps 
outside  the  bar,  where  the  souiilings  indicate  soft  bottom  in  s2)ots. 

What,  then,  is  the  source  from  which  the  bar  is  derivcnl,  and  what  the  force  that 
brings  it  into  position  ?  The  answer  seems  plain.  It  is  due  to  the  ocean  waters,  and 
not  to  the  waters  of  the  river,  and  is  placed  in  its  pres<*nt  i>o8ition  by  the  combined 
actimi  of  the  sea  and  the  current  of  tlie  river.  Along  the  shore  of  this  part  of  the 
State  and,  I  believe,  through  the  whole  extent  of  our  sandy  coast  the  water  for  some 
distance  from  the  shore-line  is  shallow,  often  leaving  banks  of  pure,  tine,  siliceous  sand 
bare,  or  nearly  bare,  at  low-water.  This  shoal  water  extends  out  about  the  same  dis- 
tance fnmi  the  shore  at  different  iK)ints  of  the  coast  where  the  circumstances  of  exposiwe 
to  the  ocean  and  other  disturbing  causes  are  the  same.  Applying  this  to  the  coast, 
both  above  and  below  the  entrance  of  the  Saint  Johu^s,  and  we  have  a  line  of  flats 
extending  along  the  shore  which,  when  acted  upon  by  the  current  of  the  river,  would 
undoubtedly  be  forcwl  st^award  to  some  extent,  thus  making  a  bend  outward  in  the 
line.  We  therefore  see  where  the  river  empties  its  waters  into  the  ocean  the  outer 
edge  of  the  slioal  curves  outward,  being  farther  from  the  coast  than  either  above  or 
below.  Over  this  bank  or  shoal  the  waters  of  the  river  pass,  not  in  one  direct  line, 
but  spreading  out  over  its  whole  extent  as  soon  as  it  loses  the  conflnement  of  its  banks. 
The  whole  volume  is  not  spread  out  equally  over  the  shoal,  but  a  portion  of  it  retains 
its  direction,  and  continues  on  to  the  outer  edge  where  the  bar  proper  is  found,  and 
where  the  depth  is  greater  than  at  any  other  point. 

As  the  bar  is  a  shifting  one,  it  seems  necessary  to  ascertain,  if  possible,  all  the  facts 
connected  with  these  changes;  and,  after  many  inquiries  of  pilots  and  othei*s  sup- 
posed to  be  best  informed  in  the  matter,  I  have  come  to  the  conclusion  that  the 
prime  caus<*  of  every  decided  change  is  a  heavy  storm,  which,  by  the  heave  of  the  sea 
and  the  temporarj'  derangement  ofthe  current,  destroys  the  existing  relations  between 
the  usual  forces,  and  estaldishes  new  relati(ms  among  them,  causing  the  watera  to  make 
their  way  out  in  a  new  direction,  where  the  force  op{>osiug  their  egress  is  less  than  in 
the  old  one.  It  does  not  seem  that  this  new  direction  is  a  permanent  one,  or  rather 
the  cme  it  must  necesarily  keep  till  another  storm  occurs,  but  only  a  general  course, 
from  which  it  may  change  from  day  to  day  within  slight  limits.  For  instance,  the 
present  channel  was  f<mnd  more  than  two  yeara  ago,  and  hjis  been  subject  during 
the  interval  only  to  slight  variations.  At  present  it  is  working  very  slowly  to  the 
southward,  a  direction  that  seems  more  natural  than  its  present  one.'  Nor  should  it 
be  understood  that  when  a  new  channel  is  f<mnd  it  is  completely  formed — that  any 
storm  makes  one  where  none  was  found  before.  The  storm  only  causes  such  changes 
in  the  form  of  the  shoals,  depth  of  water,  &c.,  as  to  make  the  commencement  only, 
perhaps,  of  what  will  become  the  true  channel,  most  subject  to  change ;  and  the  one 
referred  to  above  as  liable  i4}  shift  as  that  outside  ofthe  inner  buoy. 

I  have  thus  far  spoken  only  of  the  shifting  of  the  channel  in  direction,  and  not  of 
any  changes  of  depth  on  the  bar.  A  variatitm  of  deiith  is  liable  to  occur  at  any  time, 
and  does  not,  by  any  means,  necessitate  a  change  of  direction  or  position  of  the  bar, 
and  is  caused  entirely  by  the  direction  and  force  of  the  wind.  When  the  wind  is  off 
the  land,  and  blows  with  violence  for  a  considerable  time,  the  rapidity  and  duration 
of  the  ebb  curi'ent  is  much  increased,  and  a  deepening  of  the  bar  is  the  result.  It  is 
said,  under  such  circumstances,  to  run  out  at  least  18  hours  in  the  24.  On  the  return 
of  the  wind  to  a  direction  on,  or  obliquely  on  shore,  the  bar  soon  fills  up  again  to  its 
usual  depth.  I  shall  hav(^  occasion  to  refer  to  this  again  when  speaking  of  principles 
which  must,  in  my  opinion,  govern  in  any  impixivenient  attempte<l. 

The  sand-hills  and  banks  of  the  river  near  the  mouth  being  of  fine  sand,  are  easily 
moved  by  the  water  and  wind,  and  are  prone  to  change  in  form  and  ywsition  when  the 
wind  is  at  all  strong,  a  portion  being  carried  into  the  river  and  thrown  up  in  other 
places  without  affecting  the  depth  on  the  bar.  These  sands  seem  confined  to  the  river 
itself  in  their  effe<'t8,  changing  the  depth  of  water  at  various  points  not  in  the  channel- 
way.  For  instance,  the  bank  on  the  south  side  is  rapidly  progressing  in  past  the  light- 
house, having  increased  both  in  extent  and  height  since  I  first  arrived  at  the  mouth  of 
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the  river,  and,  indeed,  since  the  snri'ey  of  this  part  was  made ;  and  this  sand  is  derived, 
in  part  at  least,  from  thefie  banks  and  sand-hills.  The  shoals  that  extend  ont  to  the 
bar,  as  well  as  the  bar  itself,  are  also  of  this  character  of  sand,  easily  moved  by  the 
current  or  heave  of  the  sea,  and  but  for  the  equilibrium  established  between  the  vari- 
ous forces  tending  to  its  motion,  the  shoals  it  forms  wonld  be  sensibly  chauc:ed  from 
day  to  day.  As  it  is,  they  are  nearly  stable,  preserving  generally  the  same  shape  and 
depth  of  water ;  and  the  same  may  be  said  of  the  bar  itself. 

The  direction  and  force  of  the  currents  are  distinctly  shown  on  the  map  of  the  survey 
for  the  various  points  at  which  they  were  taken.  In  addition  to  these,  which  were 
obtained  with  great  care  by  Captain  Craven,  with  a  float  ma<le  for  the  purpose,  he  ob- 
servwl  the  direction  and  estimated  the  force  of  the  current  while  making  the  soundings 
over  the  shoals  on  l>oth  sides  of  the  outlet ;  the  directions  being  determined  by  the  way 
the  boat  tended  when  anchored  for  the  purpose  of  taking  the  angles  of  position.  The 
general  directions  of  these  were  all  seaward  on  the  ebb-tide — the  natural  course  they 
would  take  when  spreading  out,  from  being  no  longer  confined  by  banks — and  their 
vel«K'ity  at  no  time  exceeded  half  a  knot,  in  his  jmlgment.  On  the  change  of  the  tide 
the  directions  were  reverwnl.  Like  all  large  estuaries*,  the  directions  of  the  current 
and  tide  do  not  (*hange  sinmltaiieously,  the  ebb  current  here  running  from  one  to  two 
hours  after  the  flood-tide  has  commenceil,  and  in  strong  westerly  winds  much  longer. 
Tlie  same  is  true  for  the  flood  current  and  tide.  It  is  not  fouiul,  however,  that  there 
are  any  decided  counter  curreuts  along  the  banks  during  this  interval ;  so  this  rise 
must  be  accounted  for  by  the  swelling  of  the  waters  of  the  ocean  meeting  and  raising 
the  level  of  the  water  of  the  river,  which,  from  its  inertia  of  motion,  continues  to  run 
for  a  time  in  spite  of  the  force  opposed  to  it. 

Taking  one  of  the  tidtw,  the  ebb,  for  instance,  and  following  the  current  within  the 
the  limits  of  the  channel,  it  may  be  distinctly  traced  out  over  the  bar  proper ;  but  on 
approaching  the  edge  of  the  channel  below  the  sand-point  on  the  north  bank,  the  cur- 
r«»nt  is  there  found  to  feather  out  over  the  shoals,  aud  is  dispersed  into  the  waters  of 
the  ocean.  Thus  a  considerable  part  of  the  water  of  the  river  is  delivered  not  over 
the  bar,  but  over  the  wide  extent  of  this  shoal,  and  its  eftcct  in  deepening  the  bar  con- 
sequently lost.  The  same  may  l>e  said,  to  a  less  extent,  of  the  currents  over  the 
brenkers  on  the  south  side  of  the  river. 

Tidal  observations  were  taken  both  on  the  river  and  on  Fort  George  Inlet,  which 
show  a  general  concurrence  in  the  times  of  high  and  low  water  in  the  two  streams. 
This  is  not  true  of  the  current,  which  in  the  river  continues  to  run,  as  has  been  before 
remarked,  for  from  one  to  two  hours,  and  in  heavy  winds  still  longer,  after  the  tide 
has  changed,  while  in  the  inlet  the  changes  of  tide  aud  current  are  nearly  simnltaneous. 
The  current  and  tidal  olmervations  also  show  that  while  the  current  in  the  river-channel 
continues  to  run  after  the  ti<le  has  changed,  that  through  the  swashes  changes  nearly 
at  the  same  time  with  the  tide,  aiul  of  course  at  the  same  time  with  that  in  the  inlet. 
Taking  the  last  of  ebb,  for  instance,  the  current  of  the  river  runs  out,  spreading  itself 
over  the  shoals  till  low-tide ;  but  on  the  commencement  of  the  floo<l,  tne  ebb-current 
is  mostly  confined  to  the  channel  and  out  over  the  bar,  while  over  the  shoals  and 
through  the  swashes,  what  current  there  is  is  in  towanl  tlie  river — that  is,  a  flood  cur- 
rent. The  velocity  of  the  current  over  the  shoals  and  through  the  swashes  is  small 
in  comparison  with  that  in  the  main  channel  of  the  river.  No  current  has  been  detected 
running  from  the  bar  to  the  inlet,  or  the  reverse;  and  Captain  Craven's  ol»servations 
discover  no  other  current  off  shore  than  that  produced  by  the  wind.  Along  the  outer 
edge  of  the  shoal,  the  floml  sets  to  the  southward,  and  the  ebb  to  the  nortnward,  the 
velocity  not  exc*»e<ling  half  a  knot  in  moderate  weather,  but  much  influence*!  by  the 
wind.  There  can  be  no  question,  I  think,  that  in  all  the  currents  over  the  shoals, 
through  the  swashes  or  mdimental  chann<*ls,  and  those  exterior  to  the  shoals,  the  direc- 
tion and  force  of  the  wind  exercise  much  influence  over  the  direction  and  vehn'ity  of 
the  currents — that  what  is  true  at  one  time  and  in  one  kind  of  weather  may  be 
found  untrue  at  another — though  I  believe  the  al)ove  results  are  in  conf(»nnity  to  tlw* 
general  law,  and  any  departure  from  them  will  l>e  found  to  be  excentions. 

Having  stated  all  the  fa<'t«  collectetl  which  seem  imp<»rtant  to  tlie  consideration  of 
the  subject,  I  will  now  give  what  seems  to  me  the  principles  which  nnist  govern  in 
any  attempted  improvement  of  the  bar.  It  is  seen  that,  under  the  same  circiunstances, 
the  depth  of  water  on  the  bar  remains  about  the  same ;  that  when  undiHturbed  by 
extranecjus  influences,  no  change  takes  place;  but  when  this  condition  of  equilibrium 
is  disturlied,  the  depth  of  water  at  the  principal  outlet,  and  often  itjs  iM)sition,  are 
changed ;  that  west<»rly  winds,  which  incresise  l)oth  the  duration  and  velocity  of  the 
ebb-current,  always  tend  to  inci-ease  the  depth  at  the  bar,  while  winds  on  shore  soon 
bring  it  again  to  its  former  condition.  Merely  deepening  the  bar,  then,  will  be  of  no 
avail;  it  must  soon  fill  up  again,  unless  some  means  can  ne  devised  to  prevent  it.  To 
gain  this  greater  depth  and  retain  it,  a  greater  volume  of  water  must  l»e  made  to  pass 
over  the  bar,  requiring  a  greater  space  f(»r  its  discharge,  or  what  will  l)e  equivalent  to 
increase  of  volume  or  greater  velocity,  or  both  combined.  Of  this  there  can  be  no  two 
opinionjB.    The  eftect  of  an  increased  volume  would  doubtless  be  to  increase  both  width 
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and  depth  of  the  outlet ;  but  would  it  increase  its  depth  in  proportion  to  the  width ! 
It  seems  to  me  not,  if  the  width  of  the  outlet  over  the  bank  is  not  restricted  ;  for  is  it 
not  a  well-established  fact  that  on  these  bars,  after  a  certain  depth  is  obtained,  an 
increased  velocity  or  volume  increases  width  rather  than  depth :  that  sand  is  much 
easier  moved  near  the  surface  by  currents  than  at  greater  depths  i 

While  I  feel  satisfied  as  to  the  ]irinciples  that  must  govern  in  any  attempted  improve- 
ment, I  am  not  so  confident  as  to  the  means  by  which  these  principles  should  be  carried 
out.  Indeed,  I  am  free  to  confess  that  I  see  no  plan  which  I  would  be  willing  to  sub- 
mit as  promising  any  certainty  of  success.  In  an  undertaking  of  this  kind  the  judgnient 
of  more  than  one  person  is  desirable,  as  promising  more  reliable  results  from  their 
united  experience  and  skill,  and  in  commanding  the  confidence  of  the  public  in  the 
correctness  of  their  decision.  I  would  therefore  suggest  to  the  department  the  pro- 
priety of  sending  a  commission  to  examine  the  river  and  submit  a  project  before  any 
action  is  taken. 

As  the  instructicms  of  the  department,  however,  require  me  to  submit  a  plan,  it  may 
be  expected  that  one,  however  unsatisfactoi-j*,  will  be  oftere<l.  It  seems  to  me  that 
the  only  pnvject  that  can  lie  at  all  reliable,  is  to  confine  to  the  channel  the  waters  of 
the  river  that  pass  over  the  north  shoal,  by  a  breakwater  running  nearly  parallel  to 
the  channel,  and  extending  from  the  shore  to  as  near  the  present  bar  as  it  can  i>e  carried, 
thus  securing  a  much  greater  volume  of  water,  and  consequently  a  greater  depth  over 
the  bar.  That  this  would  improve  the  bar,  so  long  as  the  channel  retains  its  pret^nt 
direction  and  posiHon,  there  can  be,  I  think,  no  question.  What  the  result  would  be 
if  the  channel  were  to  shift  to  the  southward,  cannot  be  so  easily  foretold.  The  infia- 
ences,  tm),  might  and  probably  would  l>eonly  temijorary,  from  the  sandgrailually  work- 
ing out  behind  and  beyond  the  extremity  of  the  breakwater,  and  finally  pnuluciug  a 
bar  farther  seaward ;  though  it  does  not  s(*em  that  this  danger  is  so  great  here  as  in  the 
case  of  rivers  whose  bars  are  produced  from  deposits  brought  down  in  suspension  by 
their  currents. 

While  giving  this  as  what  appears  to  me  the  most  apparent  as  well  as  the  only 

Kroject  pnunising  success,  I  am  far  from  saying  the  plan  is  a  practicable  one.  The  sea 
reaks  heavily  over  this  bank  a  large  portion  of  the  time.  The  bank  itself  is  of  fine 
sand,  easily  moved  by  the  water;  and  it  would  seem  almost  impossible  to  overcome  all 
such  obstacles  as  the  heave  of  the  sea  and  the  excavating  power  of  the  currents,  aud 
construct  anything  u)K>n  it  which  would  resist  the  violence  of  the  storms  at  least  at 
such  cost  as  would  be  considered  admissible.  I  may  overestimate  the  difficulties  of 
such  an  undertaking,  but  I  think  not.  Tliey  will  of  course  increase  with  the  extent 
of  the  work  from  the  shore,  being  greatest  at  the  outer  extremity. 

Near  the  shore,  say  to  the  first  shoal,  the  work  would  be  comparatively  easy  of  con- 
struction ;  and,  indeed,  the  desired  eftect  iniKht  l)e  obtained  by  sinking  a  line  of 
wrecks,  against  which  the  sand  would  be  likely  to  accumulate  sufficiently  to  fonu  a 
barrier  to  resist  the  storms.  It  is  not  ijossible  to  foresee  what  action  the  water  woidd 
produce  on  the  sandy  bottom  along  and  particularly  at  the  end  of  such  a  bn^akwater 
as  is  proposed  ;  it  might  accumulate  the  sand  or  it  might  cut  it  away,  leaving  a  deep 
channel.  Nor  is  it  possible  to  say  how  much  effect  should  be  exj>ected  from  a  short 
breakwater  in  deepening  the  bar,  though  some  benefit  to  it  must  result,  if  the  forego- 
ing reasoning  be  correct. 

I  have  not  given  any  details  of  construction  for  such  a  work  as  is  proposed,  or  any 
estimates  of  cost,  as  I  have  not  had  time  to  make  one  since  the  survey  was  finished. 
Nor  would  such  details  and  estimates  be  of  any  service  if,  as  I  hope  may  be  the  case, 
the  department  should  determine  to  refer  the  subject  to  a  commission. 

The  only  other  project  that  has  l)eeu  at  all  studied  is  the  one  pro]>osed  by  Dr.  Bald- 
win, and  which  I  return  herewith,  with  the  request  that  it  be  considered  when  the 
subject  is  examined.  Dr.  Baldwin  has  taken  great  interest  in  the  question  of  the  iui- 
pnivement  of  the  bar;  has  examined  the  locality  personally,  and  has  come  to  the  con- 
cluHious  set  forth  in  his  report.  His  project  is  certainly  a  very  ingenious  one,  the 
means  require<l  for  its  accomplishment  very  small,  and  his  confidence  in  its  succe88 
most  sanguine.  I  am  sorrj-  I  cannot  agree  with  him,  but  my  own  convictions  con- 
strain me  to  differ  entirely  in  opinion  as  to  the  i>romised  success  of  his  plan,  which 
ought  and  I  hope  will  l)e  attentively  considered  by  the  department  and  board  when 
the  subject  is  investigated.  I  believe  he  intends  to  draw  up  another  report,  which 
shall  embrace  other  facts,  and  place  his  theory'  in  a  shape  more  satisfactory  to  himself 
than  in  his  original  paper,  and  which  he  will  forward  to  the  department  as  soon  as 
prepared. 

A  breakwater  on  the  north  shoal  only  is  spoken  of  in  the  foregoing  report,  though 
one  on  the  shoal  on  the  south  is  required  to  carrj'  out  the  project  Fully;  but  as  the  firet 
is  by  far  the  nuist  necessary,  in  my  opinion,  and  should  be  the  first  tried,  the  other  is 
not  recommended  at  this  time. 

It  was  at  first  supposed  that  the  protection  of  the  light-house  and  the  improvement 
of  the  river  might  both  be  ett'ected  by  the  same  means,  and  authority  was  given  to 
.combine  the  two  appropriations  toward  attaining  the  common  object.*    As  my  report 
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to  the  Light-Honse  Board  proposes  a  project  of  operations  entirely  distinct  from  that 
recommended  for  the  improvement  of  the  river,  the  two  appropriations  ought  to  be 
hereafter  separated. 
Reapectfuliv  submitted. 

H.  G.  Wright, 
Lieutenant  of  Engineers » 
General  J.  G.  Totten, 

Chief  Engineer,  WasMngtanf  D.  C, 


NOTES  TO  THE  FOREGOING  REPORT. 

I  have  been  struck  by  the  fact  that  the  mouths  of  the  only  rivers  and  inlets  I  have 
seen  on  this  coast  seem  to  be  gradually  working  the  southward — a  coincidence  that 
may  be  entirely  accidental,  or  it  may  be  the  result  of  a  general  law.  I  have  seen  this 
in  the  case  of  Moscjuito  Inlet,  from  the  sketch  of  Captain  Rogers's  survey;  afterwards 
at  Saint  Augustine;  then  at  Saint  John's  and  Fort  George  Inlet;  and  I  understand 
the  same  is  true  for  Saint  Mary's,  or  rather  the  entrance  to  Cumberland  Sound. 

The  north  bank  of  the  Saint  John's  is  marshy  for  several  miles  up,  except  the  mere 
sand-bank  just  at  the  mouth,  while  the  south  is  lK)rdere<l  by  a  range  of  sand-hills  as 
far  u])  as  the  mill.  Along  this  southern  shore,  between  high  and  low  water,  the  marsh 
mud  is  found,  in  which  the  roots  and  stubs  of  the  grass  are  still  quite  perfect ;  and  this 
mud  is  also  found  underlying  the  sand-hills  wherever  wells  have  been  dug,  showing 
its  connection  with  the  marsh  in  rear.  These  sand-hills  themselves  are  unquestion- 
ably gradually  traveling  to  the  southward,  as  is  shown  not  only  by  this  mud,  but  by 
the  palmetto  trees  which  are  still  growing  out  of  the  tops  of  the  hills,  but  whose 
trunks  are  entirely  buried  uj).  Many  of  these  trees  are  just  being  uncovered  by  the 
washing  away  of  the  face  of  the  hills,  their  trunks  being  now  exposed  down  to  the 
roots,  showing  that  they  grew  on  ground  but  little  above  the  high-water  mark — that 
is,  in  rear  of  the  sand-hills  as  they  then  existed. 

As  the  great  storms  that  affect  the  coast  are  mostly  from  the  northeast,  may  not 
this  gra<lual  movement  of  the  mouths  of  these  rivers  and  the  sand-hills  on  their  banks 
be  fairly  attributed  to  their  agency  f  It  would  seem  to  be  a  cause  sufficiently  power- 
ful to  produce  such  an  effiect,  and  is,  moreover,  the  only  ajiparent  one.  Stonns  from 
a  direction  off  the  land  are  often  severe,  but  their  influence  in  producing  changes  of 
this  kind  are  small  in  comparis<m  with  the  northeastei*s,  which  have  a  wide  sweep 
over  the  ocean,  and  whose  power  is  not  diminished  by  the  obstacles  that  are  con- 
stantly op]>osed  to  the  wind  off  the  land.  These  last  winds  only  serve  tO"retard  the 
effects  that  would  be  caused  by  the  stonns  from  the  ocean,  not  to  annul  them. 

If  this  supposition  be  true,  may  not  the  material  of  the  bar  of  the  river  be  derived 
from  the  sand  along  shore,  which  is  thus  driven  to  the  scmthwanl  by  these  storms  into 
the  current  of  the  river,  and  deposite<l,  in  part,  on  the  bar  and  shoals,  and  which  con- 
stantly tend  to  move  the  bar  further  out  T  If  so,  will  not  a  breakwater  on  the  north 
shoal  serve  to  arrest  these  sands  and  secure  jiermanency  to  any  improvement  in  depth 
prcMluced  by  the  contracticm  of  the  outlet  f 

I  am  inclined  to  think  the  shifting  of  the  bar  of  this  river  to  be  less  in  amount  than 
is  generally  asserted.  If  we  look  at  the  map,  we  see  over  the  north  shoal,  near  the 
entrance,  two  very  distinct  swashes,  through  which  there  is  but  about  2  feet  less 
water  than  over  the  bar.  Any  stonu  from  the  southward,  and  perhaps  any  direction 
on  shore,  might  act  upon  the  present  bar  enough  to  incline  the  current  through  either  ^ 

of  these,  and  produce  in  it  a  greater  depth  than  through  the  present  outlet.    This  cur  f 

rent,  when  once  established,  would  retain  its  direction  till  changed  by  another  stonn,  ^ 

or  till  gradually  filled  up  as  the  old  one  ojiened.  The  same  may  be  said  of  the  south 
side,  where  there  is  full  as  much  water  as  on  the  north  side,  though  no  swash  channels. 
When  an  old  channel  becomes  very  bad — that  is,  should  the  pilot*  seek  for  better 
water  and  a  new  channel  is  proclaimed,  they  observe  these  changes  only  so  far  as  they 
apply  to  their  own  business,  taking  little  if  any  notice  of  others,  however  interesting 
or  necessary  to  persons  investigating  the  subject  with  a  view  to  devising  projects  of 
imjjrovemeut. 

Once  the  channel  ran  out  to  the  southward  in  a  position  not  easy  to  define,  but 
probably  along,  or  perhaps  over,  the  edge  of  the  southern  bank,  but  did  not  continue 
there  long.  It  grew  gradually  worse,  according  to  the  testimony  of  Mr.  Palna,  an 
int^dligeut  citizen  of  the  vicinity,  at  that  time  engaged  in  the  live-oak  business,  when 
a  channel  was  found  nearly  or  quite  in  the  position  of  the  present  one.  The  current 
being  divided  between  the  two,  neither  possessed  sufficient  depth  for  the  vessels  he 
had  engaged  in  freighting  his  timber,  and  he  had  it  in  contemplation  to  try  to  get  an 
appropriation  for  sinking  some  old  wrecks  in  the  southern  one  to  stop  it  up.  Fortu- 
nately the  straight  one  soon  improved,  and  the  other  filled  up  itself. 


586  REPORT   OF   THE   CHIEF   OF   ENGINEERS. 

Should  any  attempt  to  improve  the  bar  be  succesafal  it  would  be  neoeasary  to  make 
some  improvemeot  in  the  river  between  the  mouth  and  Jacksonville  in  order  that  it 
may  be  available.  Just  below  what  \h  called  Davis's  Point,  about  10  miles  al>ove  the 
bar,  the  channel  becomes  very  narrow,  and  as  shallow  as  12  feet,  fhmishiug  a  depth  at 
high- water  of  say  14  to  15  feet ;  a  greater  depth  than  this  could  be  commanded  to 
Jacksonville  only  by  improvements  at  this  point.  Above  Jacksonville  the  chaunel 
becomes  shallow  again,  giving  no  greater  available  depth  than  12  feet  to  Picolata,  and 
10  feet  to  Pilatka ;  so  say  the  pilots.  Rise  of  tide  above  Jacksonville,  according  to  the 
name  authorities,  does  not  exceed  1  foot. 

H.  G.  W. 
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ANNUAL  EEPORT  OF  CAPTAIN  A.  N.  DAIVIRELL,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30, 1878. 

United  States  Engineer  Office, 

Mobile,  Ala.,  July  19, 1878. 

General  :  I  have  the  houor  to  transmit  herewith  annual  reports,  with 
financial  statements,  for  the  year  1877-'78,  for  the  river  and  harbor  im- 
provements under  my  charge. 

Very  respectfully,  your  obedient  servant, 

A.  N.  Damrell, 

Captain  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U.  8.  A. 


Ill 

improvement  of  harbor  at  mobile,  ALABAMA. 

The  opening  of  a  13-foot  channel  from  Mobile  River  to  the  13-foot  curve 
in  Mobile  Bay  was  comx)lete(l,  as  stated  in  my  last  yearns  report,  in  the 
month  of  September,  1876,  and  ox>erations  during  this  fiscal  year  were 
confined  to  the  care  and  preservation  of  the  public  property  appertain- 
ing to  this  work,  and  the  removal  of  some  sunken  logs,  which  not  only 
endangered  navigation,  but  also  showed  a  tendency  to  cause  the  channel 
through  Choctaw  Pa«s  to  fill. 

The  present  condition  of  the  channel  remains  unchanged,  no  com- 
plaints having  be^n  made  by  the  pilots ;  96  vessels  of  all  descriptions 
drawing  over  9  feet  (52  of  which  di*awing  from  12  to  14  feet)  have  passed 
through  this  channel  to  and  from  the  wharves  of  the  city  during  the 
year. 

In  my  last  annual  repcurt  I  directed  attention  to  the  great  advantages 
and  benefit  the  commerce  of  this  section  of  the  country  would  derive 
from  a  deep-water  channel  from  the  lower  anchorage  in  the  bay  to  the 
wharv^es  of  the  city  of  Mobile,  and  Congress,  by  act  approved  June  18, 
1878,  has  appropriated  the  sum  of  $10,000  to  be  applied  to  making  tests, 
surveys,  and  borings  to  determine  whether  the  ship-channel  now  leading 
from  the  lower  anchorage  in  Mobile  Bay  can  be  deepened  so  as  to  admit 
vessels  drawing  22  feet,  or  any  less  draught  above  13  feet,  to  the  wharves 
at  the  city  of  Mobile. 

It  is  proposed  to  commence  these  surveys  and  investigations  as  soon 
as  the  preparations  for  the  necessary  outfit  for  this  work  are  completed. 

Mobile  harbor  is  in  the  coHectiou  district  of  Mobile,  Ala.,  aud  Mobile  is  the  i>ort  of 
entry. 
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The  following  statistics  have  been  furnished  me  by  the  collector  for 
this  fiscal  year : 

American  vessels  enteiwd  from  forei^  countries  for  fiscal  year  ending 

Juue30,  1878 64 

Americau  vessels  cleaved  for  foreign  countries  for  fiscal  year  ending  June 

30,1878 81 

Foreign  vessels  entered  from  foreign  countries  for  fiscal  year  ending 

Jnne30,  1878 75 

Foreign  vessels  cleared  for  foreign  countries  for  fiscal  year  ending  June 

30,  1878 78 

Total  amount  of  tonnage ^..  165, 845 

Coastwise  arrivals  for  fiscal  year  ending  June  30,  1878 105 

Coastwise  clearances 55 

Total  amount  of  tonnage  34, 427 

Total  imports  for  fiscal  year  ending  June  30,  1878 $1, 114, 442  00 

Total  exports  for  fiscal  year  ending  June  30,  1878  |9, 126. 634  00 

Total  amount  revenue  collected  for  fiscal  year  ending  June  30,  1878 ....  $51, 714  23 

Money  statement 

July  1,  1877,  amount  available $4, 015  57 

Amount  appropriated  by  act  approved  June  18,  1878 io,  000  00 

$14, 015  57 

July  1,  1878,  amount  expended  during  fiscal  year 2, 146  31 

July  1,  1878,  amount  available 11,869  26 


I  a. 

IMPROVEMENT  OF  HARBOR  AT  PEN8AC0LA,  FLORIDA. 

By  act  of  Congress  approved  June  18,  1878,  an  appropriation  was 
made  for  the  improvement  of  tlie  harbor,  including  survey  and  estimate 
of  removal  of  wrecks  at  Pensacola,  Fla.  The  work  proposed  to  be  done 
under  this  appropriation  is : 

1.  The  removal  of  the  wrecks  near  the  entrance  to  this  harbor  by  con- 
tract, each  wreck  to  be  bid  for  separately. 

2.  An  examination  or  siu-vey  with  necessary  soundings,  &c.,  to  de- 
termine the  most  advantageous  exj>enditui"e  of  any  remaining  balance 
of  the  appropriation,  or  for  further  recommendations  for  improvement 
of  this  harbor. 

As  soon  as  this  project  for  the  expenditure  of  this  appropriation  is 
approved,  it  is  proposed  to  make  all  necessary  preparations  for  the  im- 
mediate prosecution  of  this  work. 

This  harbor  is  situated  in  the  collection-district  of  Pensacola,  and  Pensacola  is  the 
port  of  entry. 

The  following  statement  has  been  furnished  me  by  the  collector  of 
customs  for  the  fiscal  year  ending  June  30,  1878 : 

Total  number  of  vessels  arrived,  579  j  tonnage,  296,363.  Total  numl)er  of  vessels 
cleared,  596;  tonnage,  306,190. 

Importduties -.  $10,219  49 

Tonnage  due* 48,  926  70 

Hospital  money  collected 2,  182  75 

Exports  to  foreign  countries 2,  06:i,  986  00 

Exports  coastwise 511, 1 10  00 

Total , 2,636,424  94 

Money  statement 

Amount  appropriated  b v  act  approved  June  18,  1878 $20,  000  00 

July  1,  1878,  amount  available 20,000  00 
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I  3. 

IMPROVEMENT  OF  HARBOR  OF  CEDAR  KEYS,  FLORIDA. 

TJnder  an  approi)riation  of  $10,000,  made  by  act  of  Congress  approved 
August  14, 1876,  and  made  available  by  order  of  the  honorable  Seci-etary 
of  War,  dated  March  3,  1877,  a  contract  was  entered  into  June  11,  1877, 
with  James  B.  Slaughter,  the  lowest  bidder,  at  59^  cents  per  cubic  yard 
for  dredging  inside  the  bar,  and  92  cents  per  cubic  yard  for  dre<lging 
on  the  outer  bar.  To  ascei-tain  the  location  where  this  appropriation 
could  be  most  advantageously  expended,  a  competent  assistant  was  em- 
ployed to  examine  into  the  practicability  of  making  a  cut  across  the 
middle  ground  between  Way  Key  and  Depot  Key,  and  its  advantages, 
who,  after  a  thorough  examination  of  the  condition  of  the  channel  and 
the  most  pressing  wants  of  the  commerce  of  this  place,  reported  favor- 
ably, and  located  it  about  a  quarter  of  a  mile  south  of  the  railroad 
wharf,  thereby  making  nearly  a  straight  channel  from  Grassy  Key  to  the 
city,  avoiding  the  tortuous  channel  north  of  said  key. 

This  project  having  been  apjjroved  by  the  Chief  of  Engineers  by  letter 
dated  October  29,  and  the  channel  properly  staked  out  by  the  assistant 
in  charge,  dre<lging  operations  were  not  commenced  until  November, 
the  contractor  being  unable,  on  account  of  continued  stormy  weather 
during  the  summer  months,  to  bring  his  dredge  and  scow  to  the  work  j 
and  being  aware  that  he  coidd  not  complete  his  contract  within  the  time 
specified,  a])plication  for  an  extension  of  time  from  December  1, 1877,  to 
Februarys  15,  1878,  was  made.  This  extension  of  time  having  l>een 
granted  by  letter  of  the  Chief  of  Engineers,  dated  December  8,  1877, 
dredging  operations  were  canied  on  until  February  13,  when,  the  appro- 
priation being  exhausted,  work  was  susi>ended. 

The  following  is  a  statement  of  the  number  of  cubic  yards  excavated 
during  each  month : 

Cnbk)  yards. 

November,  1877 - 1,326 

December,  1«77 3,025 

January,  1878 6,686 

February,  1878 3,184 

Total 14,221 

With  this  amount  of  excavation,  a  channel  with  an  average  width  of 
80  feet  and  a  depth  of  11^  feet  at  mean  low  tide  through  the  Middle 
Ground  has  been  attained,  and  up  to  the  close  of  the  year  this  channel 
has  remained  unchanged  and  is  used  by  all  vessels  going  to  and  from 
Way  Keys. 

By  act  of  Congress  June  18,  1878,  an  appropriation  of  $20,000  has 
l)een  made  for  this  improvement  for  the  fiscal  year  ending  June  30, 1879, 
and  the  work  proposed  to  be  done  under  this  appropriation  is: 

1.  Widening  channel  through  Middle  Ground  from  80  feet  to  200  feet, 
with  the  same  depth. 

2.  Widening  channel  through  Outer  Bar  from  100  feet  to  200  feet, 
with  the  same  depth. 

3.  Deei)ening  channel  east  and  south  of  Grassy  Key. 

The  harbor  of  Cedar  Keys  is  situated  in  the  coUefction  district  of  Saint  Mark's,  and 
Ce<lar  Keys  is  the  port  of  entry. 

The  following  statistics  have  been  furnished  me  by  the  collector  of  the 
port  for  this  fiscal  year: 

Number  of  vessels  entered,  134,  with  a  tonnage  of  50,986  tons ;  number  of  vessels 
cleared,  125,  with  a  tonnage  of  44,913  tons. 
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Value  of  exports  of  domestic  produce,  $13,403;  value  of  imports,  $3,058. 

Amount  of  revenue  collected,  |3,473.75«  The  original  cost  of  this  improvement  is 
113:^,500. 

Whole  amount  appropriated,  $52,500. 

An  appropriation  of  $50,000,  aHked  for,  could  he  advantageously  expended  during  the 
fiscal  year  ending  June  30,  1880. 

Money  statement 

July  1,  1877,  amount  available $9, 983  65 

Amount  appropriated  by  act  approved  June  18,  1878 20, 000  00 

$29,98:J65 

July  1,  1878,  amount  expended  during  fiscal  year 9, 983  65 

July  1,  1878,  amount  available 20,000  00 


(eatimatf»d)  required  for  completion  of  existing  project 81,  000 

that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .     50,  000 


I  4. 

IMPROVEMENT  OP  CHOCTAWHATCHEE  RIVER,  ALABAMA  AND  FLORIDA. 

Operations  on  this  improvement,  consisting  in  the  removal  of  snags, 
cutting  of  overhanging  trees,  and  deepening  of  shoals,  were  continued 
at  the  lieginning  of  Uus  fiscal  year  under  an  available  balance  of  an  ap- 
propriation made  by  act  of  Congress  approved  August  14,  1876.  This 
work  was  carried  on  with  a  snag-boat,  flat,  and  cliartered  steamer,  a^  in 
the  previous  year,  until  the  latter  part  of  August,  1877,  when,  for  want 
of  fimds,  the  force  employed  had  to  be  discharged.  Over  630  snags  and 
1,200  overhanging  trees  were  removed,  and  the  shoal  at  Miller's  field 
deepened  by  removal  of  drift  and  gravel. 

During  the  balance  of  the  year  operations  were  confined  to  the  proper 
care  of  the  projwrty  appertaining  to  this  work. 

No  appropriation  having  been  made  for  this  impi*ovement^  no  work  is 
contemplated  during  next  fiscal  year. 

Origiual  estimated  cost  of  tli©  improvement,  $34,332 ;  amonnt  appropriated,  $15,000. 

All  appropriation  of  $19,000,  asked  for,  could  be  ad vantageonsly  expended  during  the 
tiHcal  year  ending  June  30,  1880. 

Tlie  Choctawliatcbe©  Kiver  is  8ituate<l  in  the  collection  district  of  Pcusaoola)  and 
Pensacola  is  the  port  of  entry. 

Money  statement 

July  1,  1877,  amonnt  a\Tiilable $2,786  38 

July  1,  1878,  amount  expended  during  fiscal  year * 2, 577  81 

July  1,  1878,  amount  available. 208  57 

^       — ^ 

Amount  (estimated)  required  for  completion  of  existing  project 19, 3:^2  00 

Amount  that  can  be  profitably''  expended  in  fiscal  year  ending  June  30, 1880 .     19, 000  00 


I  6, 

IMPROVEMENT  OF  APALACHICOLA  RIVER,  FLORIDA. 

This  improvement  was  carried  on  nnder  an  unexpended  balance  of 
former  appropriation. 

In  prosecution  of  the  project  of  further  impro\ing  of  Moccasin  Slougb, 
on  this  river,  the  steam  snag-boat  Clara  Dunning  was  moved  from  the  Chat- 
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tahoochee  River  to  that  x>oint  in  January,  1878,  and  work  was  continued 
until  the  middle  of  April.  During  this  time  a  dam  130  feet  long  was 
constructed  on  the  west  side  of  upper  end  of  Moccasin  Slough ;  the  point 
of  land  on  the  east  side  and  a  small  island  above  the  junction  wei*e  cut 
away  to  straighten  the  channel  and  forc^  a  larger  volume  of  water  through 
the  slough.  Four  hundred  and  eighty-six  cubic  yards  of  earth  were  ex- 
cavated, over  270  logs  and  snags  pulled  out  of  the  channel,  and  many 
overhanging  trees  cut  and  removed.  Fifteen  piles  were  also  driven  at 
the  mouth  of  the  river  to  aflford  protection  to  vessels  during  stormy 
weather. 

By  act  of  Congress  approved  June  18, 1878,  an  appropriation  of  $8,000 
was  made  for  the  improvement  of  this  river,  and  the  following  project 
submitted  for  its  expenditure  during  fiscal  year  ending  June  30^  1879 : 

1.  To  improve  Apalachicola  Cut-off  and  make  the  same  navigable  to 
White's  Bluff,  by  the  removal  of  snags,  sunken  logs,  and  shoals. 

2.  To  widening  and  straightening  channel  of  Moccasin  Slough. 

3.  To  removal  of  all  sunken  logs  and  trees  which  may  interfere  with  or 
endanger  navigation  on  this  river. 

This  river  is  situated  in  the  coUection-district  of  Apalachicola,  and  Apalachicola  is 
the  port  of  entry. 

The  following  statistics  have  been  furnished  me  by  the  collector  of 
this  port : 

Amount  of  revenue  collected  at  the  port  of  Apalachicola^  Fla.,  during  fiscal  year 
ending  June  30,  1878,  from  customs,  $371.05. 

Number  of  vessels  entered  during  above  period,  24;  tonnage,  3,135.30.  Number  of 
vessels  cleared  during  aliove  periocl,  23 ;  tonnage,  2,727.73.  Number  of  vessels  belong- 
ing to  this  district,  26 ;  tonnage,  1,204.60. 

Estimated  amount  of  merchandise  carried  by  vessels  within  the  district  of  Apalach- 
icola   . 

Original  estimated  cost  of  work |80,000  00 

Amount  appropriated  previously 20,000  00 

Amount  appropriated  for  fiscal  year  ending  June  30,  1879 8, 000  00 

An  appropriation  of  |20,000,  asked  for,  could  be  advantageously  expended  during  the 
fiscal  year,  June  30,  1880. 

Money  statement 

July  1,  1877,  amount  available |4,776  91 

Amount  appropriated  by  act  approved  June  18,  1878 8, 000  00 

tl2, 776  91 

July  1,  1878,  amount  expended  during  fiscal  year .* 4,074  33 

Amount  available 8,702  58 

Amount  (estimated)  required  for  completion  of  existing  project 52, 000  00 

Amount  that  can  be  prontably  exx>euded  in  fiscal  year  endmg  June  30, 1880 .      20, 000  00 


16. 

IMPROVEMENT  OF  CHATTAHOOCHEE  AND  FLINT  RIVERS,  GEORGIA. 

CHATTAHOOCHEE  BIVEB. 

At  the  close  of  last  year  the  steam  snag-boat  was  undergoing  repairs^ 
which  were  completed  during  the  month  of  July,  and  work  on  tiie  im- 
provement of  Wolfax  Bar  resumed  To  complete  this  work,  it  was  found 
necessary  to  extend  the  shore  protection  on  the  Georgia  side  about  200 
feet,  lengthen  the  jetty  on  the  Alabama  side  by  brush-work  about  570 
feet,  and  to  still  further  contract  the  channel,  construct  two  short  wing- 
dams  90  by  40  feet  long.    During  the  month  of  October  these  works 
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were  completed,  and  there  are  now,  at  low- water,  not  less  than  4  feet  of 
water  over  this  bar. 

The  bars  at  Abercrombie,  Shell  Creek,  Chimneys  Bluff,  and  Snake 
Shoals  wei'e  greatly  improved  by  the  removal  of  snags,  sunken  logs,  and 
overhanging  trees,  and  the  construction  of  about  200  feet  of  jetties, 
before  work  had  to  be  suspended  on  account  of  high- water.  The  snag- 
boat  iiiid  working-party  ti^ansferred  to  the  Apalachicola  River. 

The  blasting  party  in  the  mean  time  were  engaged  in  removing  rocks 
from  Uchee,  Slick  Blufif,  and  Hardridge's  Shoals ;  over  600  cubic  yards 
of  rock  were  taken  from  the  channel  on  those  bars,  besides  a  large  niun- 
ber  of  snags  and  sunken  logs.  We  have  now  a  channel  60  feet  wide  by 
4  feet  at  low- water  over  these  shoals,  which  were  very  dangerous  to 
navigation.  On  November  7,  1877,  the  boat  engaged  in  blasting  on  the 
Chattahoochee  was  towed  to  Bainbridge  on  the  Flint  Eiver,  where  the 
work  was  carried  on  during  the  remainder  of  the  year. 

By  act  of  Congress  approved  June  18, 1878,  an  appropriation  of  $18,000 
was  made  for  the  improvement  of  the  Chattahoochee  River,  and  the 
following  project  has  been  submitted  for  the  expenditure  of  same  during 
the  fiscal  year  ending  June  30,  1879 : 

It  is  contemjilated  duiing  next  year  to  continue  the  work  on  the  im- 
provement of  the  most  dangerous  shoals  on  the  Chattahoochee  Riv^er, 
such  as  Hardridge's  Shoals  and  King's  Rock,  and  then  resume  operations 
on  the  Flint 

FLINT  BrNTEE. 

Work  on  the  improvement  of  this  river  was  commenced  in  the  early 
part  of  November.  1877,  when  the  blasting  boat  and  party  were  trans- 
ferred from  the  Chattahoochee  to  the  Flint  River.  The  imncipal  ob- 
structions to  navigation  on  this  river  are  rock  shoals,  and  the  work  diu-- 
ing  tlie  year  has  been  confined  to  the  blasting  of  rocks  and  removal  of 
snags.  Beginning  at  the  wharf  at  Bainbridge  and  working  down  to  Lam- 
bert's Island,  763  cubic  yards  of  rock  and  168  sunken  logs  were  removed, 
and  for  that  distance  a  channel  4  feet  deep  and  60  feet  wide  at  low- water 
has  been  obtained. 

By  act  of  Congress  approved  June  18,  1878,  an  appropriation  of  $10,000 
was  made  for  the  improvement  of  the  Flint  River,  and  the  following 
project  has  been  submitted  for  the  expenditure  of  same  during  the  fiscal 
•  year  ending  June  30, 1879 : 

1.  To  continue  the  improvement  on  this  river  from  Lambert's  Island 
to  its  mouth,  by  blasting  and  removal  of  rocks,  sunken  logs,  and  over- 
hanging trees. 

2.  To  extending  this  improvement  to  river  between  Bainbridge  and 
Albany,  as  far  as  the  appropriation  will  permit. 

Chattahoochee  and  Flint  Rivera  are  in  the  collection  districts  of  Mobile,  Savannah, 
BrnuHwick,  and  Saint  Mary's.    The  nearest  port  of  entry  is  Apalachicola,  Fla. 

The  following  is  the  only  information  that  could  be  obtained  in  regard 
to  the  statistics  of  the  traffic  carried  on  these  rivers : 


Nnmber  of  articles. . 


32,850  bales  of  cotton 

6,317  boxoH  of  oraa^ea 

3, 115  barrels  of  simp 

43,000  bam48  of  flour 

31,304  sacks  of  c^im 

600,000  pounds  of  bacon 

43,200  Slicks  of  meal 

51,000  packages  assorted  freight 

Total 


$1, 971, 000  00 
47,853  00 
62.300  00 
387,000  00 
46,956  00 
48,000  00 
64,800  00 
2. 963, 000  00 


5, 590, 909  00 


Freight. 


$32,850  00 
1, 592  10 
2,800  00 

12,900  00 
6,260  80 

18, 000  00 
8,640  00 

16,940  00 


99,982  90 
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RECAPITULATION. 

Values $5,590,909  00 

Freight 99,982  90 

Passage 28,000  00 

Total  value 5,718,891  90 

Original  estimated  cost  of  improyement 330,000  00 

Total  amount  appropriated  for  both  rivers 98,  000  00 

Appropriation  asked  for  fiscal  year  ending  June  30,  1880 50, 000  00 

Money  statement. 

July  1,  1877,  amount  available $25,565  09 

Amount  appropriated  by  act  approved  June  18,  1878 28, 000  00 

$53, 565  09 

July  1,  1878,  amount  expended  during  fiscal  year 21, 647  57 

July  1,  1878,  amount  available 31, 917  52 

Amount  (estimated)  required  for  completion  of  existing  project 232,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  50, 000  00 


I  7. 

IMPROVEMENT  OF  BLACK  WARRIOR  AND  TOMBIGBEE  RIVERS,  ALABAMA. 

The  amount  of  fiinds  available  at  the  beginning  of  this  fiscal  year  for 
the  improvement  of  these  rivers  was  not  sufficient  to  justify  the  employ- 
ment of  a  large  working  force,  and  in  order  to  expend  the  same  most 
advantageously,  taking  into  consideration  the  boating  interests  on  the 
rivers,  it  was  deemed  best  to  fit  out  one  snag-boat  and  commence  the 
removal  of  snags,  sunken  logs,  and  overhanging  trees  at  the  mouth  of 
the  Black  Wanior  River,  and  continue  this  work  upstream  ajs  far  as  the 
amount  available  would  permit.  This  was  accordingly  done,  and 
although  the  season  was  short  and  the  work  repeatedly  interrupted  by 
rains  and  freshets,  snags  and  overhanging  trees  were  removed  from  the 
mouth  of  the  river  to  Log  Shoals,  where,  on  November  7, 1877,  opera- 
tions had  to  be  suspended. 

The  work  done  during  the  season  amounts  to  the  removal  of  804  large 
logs  and  the  cutting  of  73  overhanging  trees.  From  the  mouth  of  the 
river  to  Eastport,  a  distance  of  62  miles,  there  is  now  a  low- water 
channel  of  2  J  feet  minimum  depth,  which  enable  the  light-draught  boats 
running  on  this  river  to  reach  that  i>lace  at  all  seasons. 

The  following  are  the  statistics  in  regard  to  the  trade  on  these  rivers 
which  I  have  l^en  able  to  obtain : 

Number  of  bales  of  cotton  carried  daring  the  year 110,090 

Value  of  bales  of  cotton  carried  during  the  year $5,702,662 

Estimated  value  of  merchandise $4,623,680 

By  act  of  Congress  approved  June  18,  1878^  an  appropriation  of 
$28,000  was  made  for  these  rivers,  and  the  following  projects  have  been 
submitted  for  the  expenditure  of  same  for  the  fiscal  year  ending  June 
30,  1879 : 

1.  To  continue  the  improvement  of  the  Warrior  Kiver  from  Eastport 
to  Tuscaloosa. 

2.  To  the  removal  of  all  snags,  sunken  logs,  and  overhanging  trees, 
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and  the  improvement  of  the  worst  bars  on  the  Tombigbee  Eiver  from 
Demopolis  to  its  mouth. 

Original  estimated  cost  of  work $172,603  00 

Whole  amount  appropriated 68,000  00 

Approimatiou  asked  for  fiscal  year  ending  Jane  30,  1880 100,000  00 

Money  statement. 

July  1,  1877,  amount  available $5,463  04 

Amount  appropriated  by  act  approved  June  18,  1878 40, 000  00 

$45,463  04 

July  1 ,  1878,  amount  expended  during  the  fiscal  year 4, 318  24 


July  1,  1878,  amount  available -. ..       41, 144  80 

Amoun  t  (estimated)  required  for  completion  of  existing  project 104, 603  00 

Auiouut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     100, 000  00 


I  8. 

IMPROVEMENT  OF   TOMBIGBEE  RIVER  ABOVE  COLUMBUS,   MISSISSIPPI. 

Tlie  survey  of  this  portion  of  the  Tombigbee  River  was  made  during 
the  fiscal  year  ending  June  30,  1873,  under  the  charge  of  Maj.  Walter 
McFarland,  Corps  of  Engineers,  and  for  estimates  and  recommenda- 
tions I  wovdd  respectfully  refer  to  liis  report  contained  in  Annual  Rei>ort 
Chief  of  Engmeers,  1873,  page  548.  , 

The  amount  of  $10,000  was  appropriated  by  act  of  Congress  approved 
March  3, 1873,  for  the  improvement  of  the  Tombigbee  River,  of  which  sum 
only  $4,007.05  was  expended  above  Columbus;  the  balance  was  used  for 
the  lower  part  of  the  river.  No  appropriations  have  been  made  since 
until  by  act  of  Congress  approved  June  18,  1878,  $12,000  were  appro- 
priated for  this  improvement  and  the  work  put  under  my  charge. 

Tlie  following  project  has  been  submitted : 

To  the  removal  of  snags,  sunken  logs,  and  overhanging  trees,  and  the 
improvement  of  the  worst  bars  on  this  river  above  Columbus,  as  far  as 
the  appropriation  will  allow. 

The  Tombigbee  is  in  the  coUection  distiict  of  MobUe,   and  MobUe  is  the  port  of 
entry. 

Original  estimated  cost  of  the  improvement : $35,  000  00 

Amount  appropriated 16,  667  05 

Appropriation  a«ked  for  and  which  can  bo  profitably  expended  during 

fascal  year  ending  June  30,  1880 18,000  00 


l9. 

IMPROVEMENT  OF  ALABAMA  RIVER,  ALABA^IA. 

The  examination  and  siin^ey  of  this  river  was  ma<le  during  the  fiscal 
year  ending  June  30,  187G,  and  for  estimates  and  recommendation  for 
this  imi)rovement  I  would  respectfiilly  refer  to  my  annual  report  of  that 
year.     (Report  of  Chief  of  Engineers,  1870,  Part  1,  page  498.) 

By  act  of  Congress  approved  June  18,1878,  an  appropriation  of  $25,000 
was  made  for  the  improvement  of  the  Alabama  River,  and  the  following 
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project  has  been  submitted  for  the  expenditure  of  same  during  the  fiscal 
year  ending  June  30, 1879 : 

1.  To  closing  cut-oflf  about  12  mile>s  above  the  mouth  of  the  river  by 
the  construction  of  substantial  dams  and  necessary  jetties,  &c. 

2.  To  removal  of  all  snags,  sunken  logs,  and  overhanging  trees  from 
the  mouth  of  the  river  to  Wetumpka,  Ala. 

The  Alabama  River  la  in  the  coUection  district  of  Mobile,  and  Mobile  is  the  port  of 
entry. 

The  following  are  the  statistics  in  regard  to  the  trade  of  this  river 
which  I  have  been  able  to  obtaui: 

Number  of  bales  of  cotton  carriecl  dnrine  the  year 52. 216 

Value  of  bales  of  cotton  carried  during  the  year $2, 704, 788  80 

Estimated  value  of  merchandise 2,350, 000  00 

Original  estimated  cost  of  the  improvement 229, 741  00 

Total  amount  appropriated • 25,000  00 

Ai)propriation  asked  for  fiscal  year  ending  June  30, 1880 100, 000  00 

Money  statement 

Amount  appropriated  by  act  approved  June  18, 1878 $25,000  00 

July  1,  1878,  amount  available 25,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 229,741  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  100, 000  00 
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ANNUAL  EEPORT  OF  CAPTAIN  C.  W.  HOWELL,  COEPS  OF 
ENGINEEES,  FOE  THE    FISCAL  YEAR  EITOING  Jm^  30, 

1878. 

UiaTBD  States  ENamBEB  Oppiob, 

New  Orleans^  La.^  July  24, 1878. 

General:  I  have  the  honor  to  forward  herewith  the  annual  reports, 
for  the  fiscal  year  ending  June  30, 1878,  of  the  various  works  of  river 
and  harbor  improvements  under  my  charge. 

Very  respectfully,  your  obedient  servant, 

C.  w.  Howell, 

Captain  of  Engineers. 

Brig.  Gen.  A.  A.  Humphbeys, 

Chief  of  Engineers^  U.  8.  A. 


J  I. 

improvement  of  the   mouth  of  the   MISSISSIPPI   RIVER  AT  SOUTH- 

WEST  PASS. 

The  work  of  dredging  at  Southwest  Pass  was  continued  until  August 
22, 1877. 

The  act  approved  August  14, 1876,  appropriating  money  for  the  work, 
provided : 

That  this  appropriation  shall  not  be  available  whenever  and  so  long  as  there  shaU 
be  an  open  channel  of  18  feet  of  water,  at  mean  tide,  to  and  from  the  sea,  through  the 
South  Pass  of  the  Mississippi  River  to  the  port  of  New  Orleans. 

The  depth  of  channel  through  South  Pass  provided  for  in  the  above- 
cited  act  having  been  reported  by  the  inspecting  officer  of  that  work, 
instructions  were  received  from  the  Chief  of  Engineers  to  suspend  ope- 
rations at  Southwest  Pass,  which  was  done  August  22, 1877,  and  the 
dredge-boats  employed  ui)on  the  work  laid  up  at  New  Orleans. 

A  daily  record  of  operations  is  given  in  tie  api>ended  tabular  state- 
ment, of  which  the  following  is  a  synopsis : 
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In  response  to  advertisement  in\iting  proposals  for  dredging  at  Sabine 
Pass,  Texas,  for  which  Congress  had  made  provision,  bids  for  the  work 
had  been  received,  and  were  being  considered  at  the  time  work  was  sus- 
pended at  Southwest  Pass. 

As  the  lowest  responsible  bid  received  would  not  have  excavated  a 
channel  at  Sabine  Piiss  of  the  dei)th  contemplated  by  the  act  ai)propri- 
ating,  it  was  recommended  that  one  of  the  idle  dredge-boat«  be  utilized 
for  the  purpose,  which,  it  was  thought,  would  be  able  to  excavate  a  deeper 
channel  at  less  cost  than  would  have  been  obtained  by  acceptance  of  any 
of  the  bids. 

This  recommendation  was  approved  by  the  Chief  of  Engineers.  The 
Essayons  was  selecti^d  for  the  service,  and  sent  to  Sabine  Pass  Novem- 
ber 22,  1877.  The  Essayons  became  disabled,  and  the  McAlester^^^ 
sent  to  relieve  her.  The  latter  vessel  left  this  port  January  1, 1878,  and 
sailed  from  South  Pass  January  2,  but  never  i^eached  her  destination. 

Since,  pieces  of  her  wreck  picked  up  in  the  Gulf  leave  no  doubt  that 
she  was  lost,  probably  in  the  severe  storm  of  January  3,  with  all  on 
board. 

Immediately  uiK)n  notification  that  the  McAlester  had  not  arrived  at 
Sabine  Pass,  boats  were  dispatched  from  New  Orleans  and  Galveston  in 
search  of  her.  These  vessels  cruised  in  every  direction  in  the  Gulf  it 
was  thought  possible  for  the  McAlester  or  her  wreck  to  have  drifted, 
with  the  hope  of  at  least  saving  some  of  her  crew.  However,  the  search 
resulted  in  nothing  beyond  picking  up  a  sky-light  and  hatch  (supposed 
to  have  belonged  to  the  McAlester)  by  the  revenue-cutter  McLane.  Sev- 
eral weeks  after  her  disappearance  portions  of  houses  recognized  as  be- 
longing to  the  McAlester  were  picked  up  in  the  Gulf,  which  would  seem  to 
suggest  that  she  probably  foundered,  and  that  the  portions  of  wreck 
found  were  afterward  detached  from  the  hull  at  the  bottom  of  the  Gulf 
by  action  of  the  waves. 

The  end  dock,  coal-bixrge,  and  storehouse  belonging  to  the  work  being 
of  no  further  service  that  would  justify  the  expense  required  to  care  for 
them,  were  sold  at  auction  by  direction  of  the  Chief  of  Engineers. 

Under  the  same  authority  the  launch  Survey  was  transferred  to  the 
work  for  improving  harbor  at  Galveston,  Tex.,  and  the  Essdyam  and 
other  property  transferred  to  the  work  for  improving  Sabine  Pass,  Texas. 

The  following  sUitistics  regarding  the  commerce  of  the  port  of  Xew 
Orleans  for  the  year  ending  June  30,  1878,  have  been  kindly  furnished 
by  the  collector  of  the  port : 


Entrances. 

1 

Clearances. 

Class. 

No. 

Tonnage. 

Class. 

No. 

Tonnage. 

Steam 

428 

778 

616,823 
430, 510 

Steam . 

440 
831 

625,974 

SaU 

Sail 

439, 031 

Total  nnmber  of  vessels  cleared 

Total  nnmber  of  vessels  entered. 

1,206 

1, 047, 333 

1,271 

1, 065,  005 

Total  value  of  imports $11,140,170  00 


Total  value  of  exports,  domestic 85, 410, 884  00 

Total  value  of  exports,  foreign 219, 475  00 

85, 630, 359  00 


Total  amount  of  revenue  collected  on  imports 1, 601, 646  32 
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The  work  is  located  in  the  collection  district  of  New  Orleans  and  near  the  light- 
house at  Southwest  Pass.     It  is  not  susceptible  of  permanent  completion. 

Whole  amount  appropriated $1,339,424  38 

Whole  amount  expended 1,339,424  38 

Money  statement 

July  1,  1877,  amount  available |10,760  98 

August  6^  1877,  amount  allotted  from  appropriation  for  repairs,  preservation, 
extension,  and  completion  of  river  and  harbor  works 12, 200  00 

July  1,  1876,  amount  expended  daring  fiscal  year « 22,960  98 
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J  a. 

[PROVEMENT  OF  THE  ENTRANCE  TO  GALVESTON  HARBOR,  TEXAS. 

he  following  reports  from  my  assistants,  Capt.  C.  E.  L.  B.  Davis, 
ps  of  Engineers,  and  Mr.  H.  C.  Ripley,  assistant  engineer,  are  re- 
jtfiilly  submitted  as  my  annual  report : 

REPORT  OF  CAPTAIN  CHARLES  E.   L.   B.   DAVIS,  CORPS  OF  ENGINEERS. 


le  work  was  continued  np  to  30th  of  November,  1877,  when  operations  were  sus- 

led,  owing  to  the  appropriation  having  become  exhausted. 

I  work  was  discontinued,  except  the  neccasary  watching  of  public  property,  until 

I2th  of  June,  1878,  on  which  date  I  arrived  in  Galveston,  and,  in  obedience  to  in- 

'tions  from  you,  made  arrangements  for  the  inmiediate  resumption  of  work,  and, 

le  receipt  of  telegraphic  instructions  from  you  on  the  15th,  immediately  commenced 

ations. 

REPAIR  OF  BREAKWATER  AT  FORT  POINT. 


le  repairs  to  the  breakwater  were  completed  September  7,  1877,  some  1,200  pal- 

:o  piles  being  used  for  the  work,  varying  in  length  from  18  to  24  feet. 

iring  the  heavy  gale  of  September,  the  16th  and  17th,  this  breakwater  w^as  badly 

aged,  and  was  left  in  about  the  same  condition  as  it  was  before  the  repairs  were 

iienced.    AVhere  new  pile-work  had  been  put  down  it  stood,  but  all  of  the  old 

ig  which  had  been  patched  up  was  carried  away. 

is  hardly  probable  that  had  the  whole  breakwater  been  built  anew  it  would  have 

istood  the  storm,  as  the  scour  during  the  heavy  September  gales  is  so  great  that 

Ue-work,  unless  heavily  ballasted,  can  escape  undermining. 

BOLIVAR  POINT  GABIONNADE. 

US  work  consisted  first  of  a  double  row  of  pine  piling,  capped  and  braced,  with 
t-piling  on  the  sea-side.  This  was  continued  out  513  feet,  where  the  gabionnade 
t?r  was  commenced  in  6  feet  of  water.  The  piling  showed  indications  of  being 
ainined,  so  barrels  and  bags  filled  with  sand  and  fascine  mats  loaded  with  concrete 
ks  were  used  to  protect  the  base  from  scour.  These  repairs  were  completed  Sep- 
)er  15,  1877,  and  two  days  afterward,  during  the  Septemoer  gale,  the  entire  struct- 
waa  swept  away. 

iring  the  year  316  gabions  were  sunk  in  this  gabionnade,  making  a  total  of  330 
ons,  or  very  nearly  4,000  running  feet. 

the  water  was  quite  shoal,  averaging  but  little  over  6  feet,  the  gabions  were  sunk 
out  any  mats  being  placed  under  them.     They  have  all  settled  qnite  unifonnly. 

settlement  during  the  September  storm  amounted  to  about  4  feet,  leaving  the  top 
le  gabionnade  but  little  above  the  general  surface  of  the  bottom ;  therefore  the 
ous  of  this  line  wiU  hereafter  be  placed  upon  mats. 

« 

CONSTRUCTION  GROUND  AT  BOLIVAR  POINT. 

Gabions. 

land  July  30^  1877 681 

iG  construction-ground  at  Bolivar  the  number  of  gabions  constructed  during 
B  year  was 38 

Total 719 

ions  placed  in  Bolivar  Point  gabionnade 316 

403 
ions  washed  off  scow  during  September  storm 4 

On  hand  June  30,  1878 399 

T  the  construction  of  fascines,  mats,  and  concrete  blocks,  repairs  to  buildings  and 
t,  attention  is  respectfully  invited  to  the  accompanying  report  of  Mr.  William 
3,  overseer.* 

*  Report  not  forwarded  to  Chief  of  Engineers. 
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I  transmit  herewith  report  of  Mr.  H.  C.  Ripley,  assistant  engineer,  of  the  stirrey 
work  done  during  the  year  ending  June  30,  1878,  together  with  the  tide  and  wind  rec- 
ord for  the  same  period.* 

As  work  was  resumed  so  late  in  the  month  of  June,  it  has  not  been  possible  to  com- 
plete the  survey  of  the  outer  bar. 

Very  respectftilly,  your  obedient  servant, 

Chas.  E.  L.  B.  Davis, 

Captain  of  Engineers, 


REPORT  OF  MR.  H.   C.  RIPLEY,   ASSISTANT  ENGINEER. 

The  surveys  have  been  principally  hydrographic,  and  have  been  conducted  with  a 
view  to  the  exact  delineation  of  those  changes  which  have  occurred  in  the  harbor 
either  as  the  result  of  storms  or  through  the  direct  influence  of  the  gabionnades,  or  of 
both,  and  to  the  determination  of  the  positions  of  gabions  in  the  gabionnade. 

Monthly  reports  have  been  submitted  during  the  jjrogress  of  the  work,  together  with 
tracings  of  surveys  made  at  the  time,  in  which  the  changes  occurring  from  month  to 
month  have  been  indicated  in  detail,  so  that  it  seems  necessary  in  this  rejwrt  only  to 
indicate  those  general  changes  which  will  serve  to  compare  one  year  with  another,  and 
which  will  show  the  a^.tual  progress  made  during  the  year. 

INNER  BAR. 

The  changes  in  the  channel  across  the  inner  bar  have  been  progressive  sinco  the 

completion  of  the  Fort  Point  gabionnade  in  June,  1877. 

The  following  table  shows  the  depths  of  water  which  could  be  carried  across  the  bar 

at  times  of  surveys:! 

Feet 

June,  1877 16 

July,  1877 _ 16^ 

August,  1877 16f 

September,  1877 ^ ^ ISj 

October,  1877 19i 

Februans  1878  (reconnaissance) 20 

June,  1878 ^ 20i 

The  depths  after  August  were  modified  by  a  shoal  inside  of  the  bar  proper  which 
was  not  affected  by  the  gabionnade. 
From  the  inner  end  of  the  gabionnade  across  the  bar  the  depths  were  as  follows : 

Feet 

September,  1877 19^ 

October,  1877 20 

June,  1878 22i 

This  shoaling  seems  to  be  the  result  of  a  cross-current  from  the  old  swash  channel 
around  the  end  and  through  the  breaks  in  the  pile  breakwater.  There  is,  nevertheless, 
a  channel- width  of  500  feet  between  the  18-foot  curves,  and  a  channel-width  of  200 
feet  between  the  20-foot  curves. 

From  the  inner  end  of  the  gabionnade  to  Bolivar  Channel  there  is  a  22J-foot  channel, 
with  a  least  width  of  500  feet  between  the  20-foot  curves. 

OUTER  BAR. 

But  one  survey  of  the  outer  bar  has  been  made  during  the  year,  that  of  September 
20  and  21,  1877,  immediately  following  the  equinoctial  storm.  As  shown  by  this  sur- 
vey, unimportant  changes  have  occurred.  The  channel  had  shifted  a  little  to  the  south, 
and  another  channel  ha<l  opened  about  a  mile  south  of  the  old  one,  with  a  least  depth 
of  12^  feet,  and  the  18-foot  curve  in  Bolivar  Channel  ha<l  been  pushed  out,  diminiahiug 
the  distance  across  the  bar  between  the  18-foot  curves  1,300  feet.  There  seems  to  be 
no  tendency  to  re-establish  the  old  ship-channel  as  far  as  is  shown  by  this  survey  and 
a  reconnaissance  made  on  the  10th  ultmio. 

BOLTVAR  GABIONNADE. 

As  the  construction  of  Bolivar  gabionnade  progressed,  the  position  of  each  gabion 
was  carefully  located  and  plotted  so  as  to  show  its  longitudinal  and  lateral  inclmation 

*  Tide  and  wind  record  not  forwarded  to  the  Chief  of  Engineers. 
t  Soundings  referred  to  plane  of  mean  low-tide. — C.  W.  H. 
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and  its  distance  from  the  outer  surface  of  mean  low-tide.  Tlie  gabions  usually  settle 
from  1  to  1^  feet  in  a  few  days  fit)m  the  time  of  being  put  down,  and  are  seldom  level 
after  settling,  but  incline  more  or  less  to  one  side  or  the  other,  generally  to  the  north. 

This  inclination  is  usually  small,  but  in  some  cases  amounts  to  from  30^  to  40^.  At 
the  time  of  the  September  storm,  2,8.33  feet  of  gabionnade  had  been  constructed,  and 
throughout  this  entire  length  the  gabions  settled  duiing  the  storm  about  4  feet,  leav- 
ing the  top  of  the  gabionnade  but  little  above  the  general  suiface  of  the  bottom ;  a 
trench  having  been  excavated  close  along  the  soutn  side  of  the  gabionnade  which 
allowed  the  settling  to  take  place,  there  having  been  no  mats  underneath  to  prevent 
it.     By  a  recent  reconnaissance  of  the  gabionnade,  it  seems  that  this  trench  still  exists. 

Aside  from  the  trench,  which  reached  a  depth  of  12|  feet  close  to  the  gabionnade, 
sloping  uj)  to  the  normal  depth  at  a  distance  of  about  400  feet,  no  scour  has  occurred, 
but  on  the  contrary  a  slight  accumulation  has  taken  place  for  a  distance  of  100  feet  on 
either  side  of  the  line. 

Tlie  injury  done  to  the  gabions  during  the  storm  was  very  slight,  consisting  mainly 
of  the  breaking  of  a  few  tops.  The  fact  that  the  tops  of  the  first  fave  gabions  from  shore 
were  all  carried  away  seems  significant^  suggesting  some  modification  of  the  form  of 
the  gabion  which  will  better  secure  it  n:om  injury  when  placed  in  shoal  water  where 
it  may  be  exposed  to  the  whole  force  of  the  waves. 

The  foUowmg  table  shows  the  progress  in  construction  made  each  month  since  the 
gabionnade  was  commenced : 


Month  of— 


1877. 

June 

July 

August 

September 

October 

If  ovember 


Length. 


Feet 
170 
614 

1,813 
236 
406 
730 


Gabions. 


Number, 

14 

51 

165 

Undetermined. 

do 

do 


Total  length. 


FeeL 
170 
784 
2,697 
2,833 
3,239 
8,969 


Remarks. 


Approximate. 


The  total  length  of  the  gabionnade  is  g^ven  as  approximate,  for  it  was  not  practica- 
ble when  the  location  was  made  to  locate  the  extreme  outer  end,  but  a  point  three 
gabion  lengths  from  the  outer  end  was  located  -and  the  length  of  the  three  gabions,  es- 
timat-ed  at  36  feet,  was  added  to  give  the  position  of  the  outer  end. 

In  my  last  annual  report  the  length  of  gabionnade  constructed  was  ^ven  at  172 
feet,  whereas  in  the  above  table  it  is  given  at  170  feet.  The  error  was  made  last  year  by 
assuming  the  length  of  each  gabion  to  be  12  feet  and  adding  to  the  length  thus  deter- 
mined the  aggregate  of  the  spaces  between  them  measured  before  the  gabions  had 
settled. 

When  the  location  was  actually  made  and  a  discrepancy  discovered,  a  careful  meas- 
urement of  a  number  of  gabions,  selected  at  random,  gave  an  average  length  on  top  of 
11.73  feet. 

All  gabions  put  down  to  August  31,  inclusive,  have  been  carefully  locat-ed,  and 
tracings  of  plots  forwarded.  Those  put  down  in  September  were  so  much  settled  by 
the  storm  that  it  was  not  practicable  to  determine  their  inclinations  accurately,  and 
the  attempt,  therefore,  was  abandoned.  The  location  of  those  put  down  in  October 
and  November  was  not  completed  when  work  was  susx>ended,  and  hence  no  tracing 
has  been  forwarded. 

It  was  very  much  desired  to  make  another  survey  of  the  outer  bar  and  vicinity  of 
Bolivar  gabionnade  before  the  30th  of  June,  but  on  account  of  the  late  resumption  of 
work  and  the  delay  in  getting  the  steam-launch  in  running  order  it  was  impossible 
to  do  so. 

TIDE  AND  WIND. 

The  records  of  the  tide  and  wind  have  been  kept  by  means  of  self-recording  gauge 
and  anemometer,  and  the  curves  are  plotted  on  the  accompanying  chart. 

The  following  table  shows  the  mean  low-tide  for  each  nodical  period  as  compared 
with  the  plane  of  established  mean  low ;  -I-  indicating  above,  and  —  indicating  below 
that  plane : 


Number  of  period. 


1 
2 
3 
4 

5 
6 
7 


Mean  low, 

in  feet. 

1 

+ 

.17 

+ 

.12 

.02 

+ 

.08 

+ 

.82 

-h 

.08 

.34 

Number  of  period. 


8. 

9. 
10. 
11. 
12. 
13. 

13» 


Moan  low 
in  feet. 


-  .07 

-  .47 

-  .25 
-h  .26 

-  .09 
+  .35 

-  .12 
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The  plauo  of  mean  low-tide  for  the  year  is  yj^y  feet  above  the  plane  of  mean  low-tide 
established  at  the  Brick  wharf,  Galveston,  in  1872  and  1873. 

The  highest  tide  occurred  September  17,  and  was  5t*0  feet  above  mean  low.  The 
lowest  tide  occurred  Deceml)er  30,  and  was  3/^  feet  below  mea-n  low,  giving  Sf^feet 
aa  the  range  for  the  year.  The  anemometer  records  the  direction  of  the  wind  at  the 
beginning  of  each  hour  and  the  mean  velocity  for  the  preceding  hour.  The  wind- 
curve,  therefore,  does  not  show  the  greatest  velocity  that  the  wind  may  have  attaiued 
at  any  time,  but  the  mean  velocity  for  the  hour  preceding  the  ordinate  at  the  even 
hour. 

The  greatest  honrlj'  velocity  shown  on  the  chart  is  49^  miles.  From  the  16th  to  the 
18th  of  September,  the  anemometer  being  out  of  order,  the  record  was  obtained  fix)m  the 
8igiial-obser\'er  at  Galveston. 

This  curve  shows  the  actual  velocity  at  times  of  observation,  and  not  the  mean 
hourly  velocity,  as  elsewhere.  The  greatest  velocity  attained  at  that  time  was  60 
miles  per  hour,  on  the  17th. 

Very  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 
Aeaistant  Engineer. 


REPORT  OF  MR.  H.  C.  RIPLEY,  ASSISTANT  ENGINEER,  ON  SURVEY  MADE  IN  JUNE,  1878 

In  accordance  with  instructions  contained  in  your  letter  dated  New  Orleans,,  La., 
May  28,  1878,  I  chartered  a  sail-boat  an<l  pi-oceeded  to  make  surveys  of  the  inner  and 
out4*r  bars,  but  was  unable  to  do  more  than  complete  the  inner-bar  survey  nj)  to  the 
time  of  reHumi)tion  of  work  on  the  13th.  Since  then  the  delay  in  getting  the  steam- 
launch  in  running  order,  and  unfavorable  weather  has  rendered  it  impossible  to  do 
any  tiling  further.  I  transmit  herewith  a  tracing  of  the  inner-bar  survey,  from  which 
it  will  be  seen  that  a  very  favorable  change  has  taken  place  in  the  channel  across  the 
bar  since  the  hi«t  survey  (October,  1877).  There  is  now  a  practicable  channel  across 
the  bar  of  2(>f  feet,  with  a  least  width  between  the  20-foot  curves  of  2()0  feet.  From 
the  inner  end  of  the  gabionnade  to  Bolivar  Channel,  across  the  bar,  there  is  a  prac- 
ticable channel  of  22^^  feet  with  a  least  width  between  the  20-foot  curves  of  500  feet. 
The  shoaling  just  inside  of  the  gabionnade  is  doubtless  caused  by  the  cross-current 
from  the  old  Swash  Channel  around  the  end  and  through  the  breaks  in  the  i)ile-break- 
water.  Nevertheless,  there  is  a  channel-width  of  500  feet  between  the  18-foot  curves, 
which  is  a  gain  in  width  since  October  of  320  feet. 

On  the  bar  proper  the  18-foot  cur\'es  have  receded  on  the  west  side  1,500  feet  and  on 
the  east  side  600  feet,  leading  an  oi)ening  between  them  of  4,000. 

Between  the  20-foot  curves  the  width  is  1,900  feet.  Along  the  channel  face  of  the 
gabionnade  the  18-foot  curve  has  straightened  and  approached  the  gabionnade ;  the  12- 
foot  curve  has  straightened  and  moved  across  the  older  portion  of  the  gabionnade  to 
the  channel  side  and  140  feet  beyond. 

The  6-foot  curve  has  also  crossed  beyond  the  channel-face  of  the  gabionnade,  having 
moved  to  the  westward  a  distance  of  1,140  feet. 

A  2-foot  shoal  has  formed  on  top  and  ])ack  of  this  portion  of  the  gabionnade,  where 
a  similar  shoal,  though  smaller,  existed  in  June,  1877. 

Along  the  newer  portion  of  the  gabionnade  a  deep  trench  still  remains,  but  it  does 
not  extend  so  far  south,  but  has  increased  its  depth  and  width.  East  of  this  for  some 
2,000  feet  the  18-foot  curve  has  remained  constant,  the  12- foot  curve  has  moved  a  little 
to  the  north,  and  the  6-foot  curve  has  moved  about  600  feet  to  the  north.  West  of  the 
channel  on  the  bar.  the  12-foot  curve  has  moved  west  400  feet  and  the  6-foot  curve 
about  200  feet.  The  old  Swash  Channel  has  not  materially  changed,  excei)t  at  its 
head,  where  it  has  much  narrowed. 

Very  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 
Assistant  Engineer, 

The  results  here  reported  appear  sufficiently  satisfactory,  and  may 
even  lead  one  less  sanguine  than  myself  to  confidently  look  for  results 
on  the  outer  bar  equally  as  gratifying  as  those  obtained  and  maintained 
over  the  inner  bar. 

At  this  port  during  the  year  from  June  30, 1877,  to  June  30, 1878,  there  was  collected 
$77,869.23,  and  of  this  amount  the  duties  on  merchandise  received  in  bond  amounted 
to  $2,085.75. 
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Entrances  and  clearances  from  June  30,  1877,  to  June  30,  1878. 


Yesaels. 


American  (coaat)  . . 
American  (foreign) 
Foreign 

Total 


Entrances. 


No. 


190 
37 
03 


320 


Tons. 


103,652 
11,890 
60,695 


266,  237 


Clearances. 


No. 


291 
40 
05 


426 


Tons. 


271,264 
18,197 
64,094 


353,555 


Value  of  exports  shipped  to  foreign  countries  during  the  year  ending  December  31 , 
1877,  ^13,3:^9,855. 

The  work  is  located  in  the  collection-district  of  Galveston,  near  the  light-house  on 
Boliver  Feumsula : 

Original  estimate $1,259,446  43 

Wliole  amount  appropriated 477,000  00 

Whole  amount  expended 357,662  72 

.  Money  statement 

July  1,  1877,  amount  available $36,052  60 

Amount  appropriated  by  a<'t  approved  June  18,  1878 50,000  00 

Amount  approj>riat<Ml  by  act  approved  June  7, 1878 75, 000  00 

$161, 052  60 

Julv  1,  1878,  amount  exptmded  during  fiscal  year 37,089  60 

July  1,  1878,  outstanding  liabUities 4,625  72 

41,715  32 

July  1,1878, amount  available 119,337  28 

Amount  (estimated)  re<^uired  for  completion  of  existing  project 82, 740  00 

Amount  that  can  be  prohtably  expended  in  iiscal  year  ending  June  30, 1880* .     150, 000  00 


J  3. 

IMPROVEMENT  OF  SHIP  CHANNEL  IN  GALVESTON  BAY,  TEXAS,  BETWEEN 

BOLIVER  CHANNEL  AND  RED  FISH  BAR. 

For  reasons  fiilly  set  fortli  in  the  report  of  the  Chief  of  Engineers  for 
1877,  pp.  455  to  458,  this  work  was  held  to  await  further  action  of  Con- 
gress, and  no  exi>enditure  was  made  from  the  appropriation  of  1876. 

Under  the  combined  ijppropriations  of  1876  and  1878,  and  in  accord- 
ance with  the  act  of  Congress  cited  above,  it  is  proposed  during  the 
present  year  to,  as  nearly  as  possible,  complete  by  contract  a  channel 
12  feet  deep  at  mean  low-tide  and  100  feet  wide  at  bottom,  in  a  direct 
line  from  the  head  of  Boliver  Channel  to  the  United  States  cut  through 
Red  Fish  Bar.  The  width  of  100  feet  is  selected,  because  the  estimate 
of  Mr.  H.  C.  Ripley,  assistant  engineer,  shows  that  the  amounts  now 
available  for  this  work  will  complete  such  channel,  while  it  would  not 
complete  a  channel  150  feet  wide.  The  100-foot  channel  will,  in  a  measure, 
answer  the  requirements  of  commerce  until  means  may  be  provided  for 
making  one  of  a  greater  and  more  desirable  width. 

*  The  amount  requircMl  for  next  fiscal  year  in  exce-sa  of  balance  remaining  after  deduct- 
ing total  amonut  appropriated  from  amount  estimated  for  completion  of  existing 
project  is  necessarj'^  to  cover  loss  to  the  work  sustained  by  frequent  susi^ensions,  due 
to  inadequate  appropriations. 
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This  will  yet  leave  the  channel  through  the  upper  bay  to  be  provided 
for  and  its  location  determined  by  Congress. 

The  work  is  located  in  the  coUection-district  of  GalTeston,  near  the  light-house  on 
Red  Fish  Bar. 

Wliole  amount  appropriated $172,000  00 

Whole  amount  expende<l 25, 000  00 

Original  estimated  cost : 

10-foot  channel,  150  feet  wide 283,  479  00 

12-foot  channel,  150  feet  wide 651.  562  20 

15-foot  channel,  150  feet  wide.... i,  260, 062  10 

Revised  estimates : 

*  Riplev,  12-foot  channel,  100  feet  wide 160,  994  92 

tHayward  12-foot  channel,  100  feet  wide 285,  331  50 

446,326  42 

Money  statement 

July  1,  1877,  amount  available $72,000  00 

Amount  appropriated  by  act  approved  June  18, 1878 75,  000  00 

$147,  000  00 

July  1,  1878,  amount  available *. 147,000  00 

Amount  (estimated)  required  for  completion  of  existing  project,  12  feet 

deep,  100  feet  wide 446,326  42 

Amoun  t  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     200,  000  00 


report   op   board   of  engineers   on  proposed   ship-channel 

through  lower  galveston  bay. 

Army  Building, 
Xew  Yorkj  September  10,  1877. 

General  :  The  Board  of  Engineers  appointed  by  Special  Order  '^o. 
9,  dated  Headquarters  Corps  of  Engineers,  Washington,  D.  C,  January 
25,  1874,  and  re-convened  by  Special  Order  No.  95,  dated  Headquarters 
Cori)8  of  Engineers,  Washington,  D.  C,  August  14, 1877,  for  the  puri)ose  of 
considering  the  question  of  location  of  a  proi)osed  ship-channel  through 
Lower  Galveston  Bay,  and  its  bearing  upon  the  projected  improvement 
in  Galveston  Harbor,  has  the  honor  of  reporting  as  follows : 

The  Board  met  on  the  1st  instant,  as  specifi^  in  the  order,  and  from 
day  to  day  studied  the  data  presented,  arriving  at  the  following  con- 
clusions covering  the  two  points  submitted  for  their  consideration : 

A  line  from  I^  Fish  Bar  to  the  head  of  Bolivar  Channel  would,  in 
the  opinion  of  the  Board,  be  a  more  advantageous  location  for  the  pro- 
I)osed  channel  than  the  line  from  Red  Fish  Bar  x)assing  we«t  of  Half 
Moon  Shoal  and  terminating  at  the  inner  end  of  Galveston  Channel. 

The  first  named  would  be  shorter,  with  fewer  necessary  curves  (if  any) 
in  its  course ;  would  require  a  much  smaller  amount  of  dredging  in  its 
first  construction,  and  could  afterward  he  maintained  at  less  cost. 

The  Board  are  aware  of  the  advantages  to  navigation  by  gi\'ing  a 
course  to  the  channel  straight  from  its  commencement  at  the  head  of 
Bolivar  Channel  to  its  termination  at  Red  Fish  Bar.  An  uncertainty, 
however,  which  could  be  removed  by  a  few  observations,  now  exists 
whether  the  channel  might  not  be  better  maintained  by  giving  it  a  shght 
deparliu-e  from  a  perfectly  straight  course.  Furthermore,  it  is  the  opin- 
ion of  the  Board  that  the  harbor  of  Galveston,  as  well  as  the  works 

*  Lower  Bay.  tUpper  Bay  to  Morgan's  Cut. 
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projected  for  its  improvement,  will  not  be  injuriously  aflfected  by  the 
ship-channel  proposed  jBrom  the  head  of  Bolivar  Channel  to  Red  Fish 
Bar. 

A  proposed  location  west  of  Half-Moon  Shoal,  aside  from  considera- 
tion of  much  greater  cost,  would  interfere  with  the  original  project  for 
harbor  improvement,  inasmuch  a«  it  would  cross  the  line  along  which  it 
was  proposed  to  close  in  the  harbor,  leaving  open  only  its  entmnce  from 
Bolivar  Channel  and  through  West  Bay.  This  closure  has  not  yet  been 
decided  upon,  but  may  be  considered  desirable  at  some  time  in  the  future. 
Further,  if  the  channel  be  made  on  this  line,  it  will  he  a  roundabout 
route  for  vessels  bound  direct  from  the  Gulf  to  Buffalo  Bayou  and  the 
San  Jacinto  River,  while  at  the  same  time  it  would  possess  no  special 
advantages  to  vessels  leaving  Galveston  for  these  rivers  over  the  line 
l)roi)osed  fi'om  the  head  of  Bolivar  Cliaunel.  It  is  also  the  opinion  of 
the  Board  that  the  i>ortion  of  such  channel  Irom  the  head  of  Galveston 
Harbor  to  a  point  opposite  the  west  end  of  Pelican  Island  would  be 
more  difficult  of  maintenance  than  any  portion  of  the  other  channel. 
Respectfidly  submitted. 

Z.  B.  Tower, 
Colonel  of  Engineers^  Bvt.  Major- General. 

H.  G.  Wright, 
Lieut  Col.  of  Engineer H^  Bvt.  Major- General. 

John  Newton, 
Lieut.  Col  of  Engineers^  Bvt.  Major- General. 

C.  W.  Howell, 


Brig.  Gen.  A.  A.  Hitmphreys, 

Chief  of  Engineers  U.  S.  A. 


Captain  of  Engineers. 


J  4. 

IMPROVEMENT  OF  SABINE  PASS,  TEXAS. 

As  stated  in  my  liist  annual  repoi't,  proposals  for  tliis  work,  by  con- 
tract, were  invited  July  10,  1877.  The  bids  were  opened  August  20, 
1877,  and  as  it  wa«  estimated  that  the  lowest  resjmnsible  bid  received 
would  not  complete  a  channel  of  the  specified  depth  of  12  feet,  aU  bids 
were  rejected. 

The  United  States  dredge-boats  formerly  employed  at  the  mouth  of 
the  Mississippi  River  being  idle,  it  wa«  dwideil  to  detail  one  of  them, 
the  Essayons,  to  do  the  work,  her  record  at  the  mouth  of  the  Mississippi 
making  it  appear  probable  that  she  would  be  able  to  excavate  a  channel 
of  20  feet  in  depth  through  Sabine  Piiss  Bar  at  less  cost  than  the  lowest 
responsible  bidder  proposed  to  excavate  a  12-foot  chaunel.  This  decision 
was  approved  bv  the  Chief  of  Engineers,  and  the  Essayons  sent  to 
Sabine  Pass  November  22,  1877. 

The  Essayons,  after  about  half  completing  a  chaunel  through  the  bar 
ranging  from  12  to  15  feet  in  deptli,  became  disabled  by. the  unexpected 
failure  of  her  boilers.  To  avoid  delay  it  was  concluded  to  dispatch  her 
mate,  the  McAlester,  to  relieve  the  Essayons.  The  McAlester  was  lost 
on  her  voyage  to  Sabine  Pass,  which  made  it  necessary  to  repair  the 
Essayons  for  continuance  of  the  work. 

Contract  was  therefore  made  for  supplying  the  Essayons  with  new 
boiler-tubes.    After  considerable  delay,  the  tubes  with  which  the  con- 

39  E 
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tractor  proposed  to  do  the  work  were  received,  and  found  to  be  totally 
unlit  for  the  puq)08e.  Much  valuable  time  was  lost  in  endeavoring  to 
procure  suitable  tubes  in  this  country,  when  it  was  found  that  they  were 
not  to  be  had  short  of  Scotland.  They  were  therefore  ordered  from  that 
country,  with  the  understanding  that  they  would  be  delivered  about 
May  15, 1878.  They  were  not,  however,  delivered  until  Jidy  13, 1878. 
After  repairing  the  Essayons,  enough  money  fix)m  the  last  appropriation 
will  probably  be  left  for  about  two  months'  work. 

No  material  change  in  the  channel  excavated  by  the  Ussayons  has  been 
observed,  which  would  seom  to  warrant  the  belief  that  a  channel  once 
excavated  through  the  bar  wiU  be  comparatively  permanent,  except,  i)er- 
haps,  at  the  sea  end  of  the  channel,  where  slight  shoaling  may  probably 
be  expected. 

Upon  recommendation,  approved  by  the  Chief  of  Engineers,  the 
Essay onSy  and  other  prox)erty  belonging  to  the  work  for  "  improving  the 
mouth  of  the  Mississippi  River,"  were  transferred  to  that  lor  improving 
Sabine  Pass. 

During  the  next  fiscal  year  it  is  proposed  to  continue  the  work  by 
dredging  with  the  Essayons  and  purchase  of  supplies  in  open  market. 

The  work  is  located  in  the  coHection-district  of  Galveston,  near  the  light-house  at 
the  entrance  to  Sabine  Pass. 

Whole  amount  appropriated - |88, 000  00 

Whole  amount  expended 45, 147  80 

Amount  appropriated  since  adoption  of  present  project 30, 000  00 

Amount  expended,  same 35,040  34 

ORIGINAL  ESTIMATES. 

For  a  12-foot  channel |105,026  00 

For  a  15-foot  channel 176,071  00 

For  a  20-foot  channel 390,317  00 

Money  statement. 

July  1,  1877,  amount  available $50,489  42 

Amount  appropriated  bv  act  approved  June  18,  1878 30,000  00 

t«0,489  42 

July  1,  1878,  amount  expended  during  fiscal  year 35,252  02 

July  1,  1878,  outstanding  liabilities 2,385  20 

37,637  22 

July  1,  1878,  amount  available 42,a52  20 

Amount  (estimated)  required  for  completion  of  existing  project  (20-foot 

channel) 302,317  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     100, 000  QO 


J  5. 

IMPROVEMENT  OF  THE  NARROWS  ABOVE  ORANGE,  ON  THE  SABINE 
RIVER,  TEXAS,  AND  DEEPENING  THE  CHANNEL  AT  THE  MOUTH  OF 
SAID  RIVER. 

Project  for  expenditure  of  the  $10,000  available  for  this  work  has 
been  submitted  to  the  Chief  of  Engineers  for  approval. 

The  project  contemplates  (hedging,  by  contract,  a  chjinnel  5  feet  deep 
at  mean  low  tide  and  100  feet  wide  (or  so  much  thereof  as  appropriation 
available  will  pennit)  aeross  the  bar  of  the  "Middle  Pass''  of  the  river 
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to  that  depth  in  Sabine  Lake,  leaving  the  improvement  of  the  "  Narrows  " 
until  Congress  may  further  provide  for  that  work. 

The  amount  now  available  is  $3,(K^3  less  than  was  estimated  would  be 
required  to  excavate  the  channel  above  si)ecified,  not  to  speak  of  the 
**  Narrows,''  for  which  work  alone  it  was  estimated  $18,000  would  be 
required- 

The  work  is  not  susceptible  of  i)ermanent  completion. 

The  work  is  located  in  the  collection-district  of  Galveston.    The  nearest  light-hoose 
is  at  Sabine  Pa.*s& 

Whole  anionnt  appropriated $10,000  00 

ORIGINAL  ESTIMATE. 

Work  at  mouth  (page  541,  Report  1^1) $38,000  00 

Removing  snagH,  &c.  (page  tidO,  Report  1873) lt<,  000  00 

Money  statement 

Amount  appropriated  by  act  approved  Jnne  18,  1878 $10,000  00 

July  1,  l-n^,  amount  available 10,000  00 

Amount  (estimate*!)  requirwl  for  completion  of  existing  project 21, 033  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.     21, 033  00 


J  6. 

DEEPENING   THE   CHANNEL   AT    THE   MOUTH   OF  THE   NTICHES   RIVER, 
TEXA5>,  AND  REMOVING  OBSTRUCTIONS  TO  BEAUMONT. 

Project  for  expenditure  of  money  appropriated  for  this  work  has  been 
submitted  to  the  Chief  of  Engineers- 

As  iniprovement  of  the  river  between  its  mouth  and  Beaumont  is  called 
for  in  the  ajjpropriation  aot^  jointly  with  improvement  of  channel  across 
the  bar  in  Saliine  I^ake,  reference  is  made  to  the  report  of  latest  siu^'ey  of 
the  river  (see  Keport  of  Chief  of  Engineers,  1874,  pp.  743-754),  where  it 
will  lie  foiuid  stated  that  this  portion  of  the  river  was  then  in  good  navi- 
gable condition,  and  did  not  require  improvement. 

In  view  of  this  it  is  proposed  to  e^ipend  the  appropriation  in  making 
a  channel  through  the  bar  at  the  mouth  (in  Sabine  Lake),  to  have  a 
depth  of  3  feet  at  mean  low  tide,  and  a  ^vidth  of  40  feet,  or  in  making  so 
much  of  siiid  channel  as  the  appropriation  of  $8,000  \i'ill  permit. 

The  work  to  l>e  offere<l  at  contract,  and  conjointly  with  that  at  the 
mouth  of  the  Sabine  Kiver. 

It  would  l>e  desirable  now  to  contract  for  a  channel  100  feet  wide 
instead  of  only  40  feet,  if  the  appropriation  was  not  deemed  insufficient, 
perhaps,  for  even  completing  the  latter.  The  latter,  by  conliiung  work, 
if  necessarj ,  to  the  shoaler  portions  of  the  bar,  will  \)e  of  l>euetit  to  com- 
merce?. 

A  re-examination  of  this  bar,  as  well  as  of  that  at  the  mouth  of  the  Sa- 
bine Kiver,  will  l>e  made,  before  advertising  the  work,  in  order  to  ascer- 
tain what  change,  if  any,  has  taken  place  since  date  of  la.'st  sur\eys. 

Tlie  work  is  not  susceptible  of  permanent  improvement- 
No  commercial  statistics. 

The  work  \h  U>*  ui*t\  in  tb**  col  lf*ctit>ii-<li  strict  of  Galveston. 
Tb#f  nearf?*!  li;:ljr-hoii«4e  is  at  Sabine  Pa^^H. 

Whole  arnonnt  aj»propriate<i ^"i.  000  00 

Ori^nal  eT^riiiiat*-:  Work  at  mouth  (part  1,  page  743,  Annnal  ReiK>rt  of  the 

Chief  ol  i:Dgiii.tns  1-^4;  26,318  05 
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Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 |»^,  000  00 

July  1,  1878,  amount  available 8,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 18,  :U8  05 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1880.  18, 318  05 


J  7. 

DEEPENING  THE  CHANNEL  AT  THE  MOUTH  OF  TRINITY  RIVER,  TEXAS 

AND  REMOVING  OBSTRUCTIONS  TO  LIBERTY. 

Projoct  for  expenditure  of  the  $10,000  available  for  this  work  has  been 
submitted  to  the  Chief  of  Eng^ineers  with  reeoiJimendatiou  that  the  work 
be  advertised  to  be  done  by  contra et. 

If  the  sniall  ai)propriation  will  admit,  it  is  proposed  to  dredge  a  chan- 
nel 5  feet  deep  and  100  feet  wide  across  the  bar  obstructing  the  entrance 
to  the  river. 

The  original  plan  for  improvement  of  channel  across  the  bar  at  the 
mouth  of  this  river  contemi)lated  excavating  a  channel  6  feet  deep  and 
80  feet  AWde  across  the  bar  obstructing  the  mouth  of  the  river,  the  cut 
to  be  protected  by  a  pile  breakwater.     The  estimated  cost  was  $40,000. 

The  estimate  for  cbedging  ah)ne  was  $11,907,  or  $1,967  more  than  is 
now  available  for  tlie  work,  coupled  with  clearing  the  river  up  to  Liberty. 

If  it  be  found  that  the  amount  appropriated  be  not  sulhcient  to  exca- 
vate the  channel  to  the  fuU  A\idth  i)ropos(Hl,  a  lesser  width  will  be  adopted, 
so  that  the  work  may  be  made  to  parily  relieve  the  commei-ce  of  the 
river;  the  attainment  of  a  more  desirable  width  and  the  pi-otei'tion  of 
the  channel  by  means  of  pile-breakwater,  being  left  to  future  api^ropri- 
ations. 

The  improvement  of  the  river  from  its  mouth  to  Liberiy  must  also  be 
left  in  the  same  way. 

Before  advertising  a  re-examination  will  be  made,  as  at  the  mouths  of 
the  Xc»ches  and  Sabine. 

It  is  i)roi)ose<l  to  advertise  these  three  works  together,  in  order  to  at- 
tra<*t  bidders,  all  of  whom  must  bring  theii*  (hedges,  s(50ws,  and  tugs 
from  a  distance  at  an  expense  which  no  one  work  alone  would  justify, 
excei)t  at  a  comj)aratively  enormous  price  per  cubic  yard  for  material 
excavated. 

Appropriations  for  the  three  works  added  together  foot  up  $28,000. 
The  works  are  not  far  apart,  and  it  is  thought  that  one  good  dre<lge 
should' complete  the  three,  so  far  as  appropriation  will  i)ermit,  in  about 
12  months  from  time  of  commencement. 

While  the  three  works  mil  be  adveilised  together,  and  contract  made 
with  the  lowest  responsible  bidder  for  all,  the  approi)riation  for  eavh  will 
be  kei)t  separate  and  only  applied  to  the  specific  work  for  which  made. 

The  work  is  not  susceptible  of  permanent  completion. 

The  work  in  located  in  the  coUection-district  of  Galveston. 
Nearest  light-hoiiHe,  Red  Fish  Bar,  Galveston  Harbor. 
No  eominereial  statistics  on  file  since  1873. 
Whole  amount  appropriated,  |10,000. 

ORIGINAL  ESTIMATE. 

Work  at  month  (page  537,  Report  1871) $40,000  00 

Removing  snags,  &c.  (page  685,  Report  1873) 6, 000  00 
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Money  statement. 

Amonnt  appropriated  by  act  approved  June  18,  1878 |10, 000  00 

July  1,  187?^,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  exi.stiuff  project 7,967  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .  7, 967  00 


J  8. 

* 

IMPROVEMENT  OF  PASS  CAVALLO,  INLET  INTO  MATAGORDA  BAY,  TEXAS. 

As  the  appropriation  of  $20,000,  made  by  the  river  and  harbor  act  of 
August  14, 1870,  was  too  small  for  commencement  of  operations  without 
risk  of  f^eiit  loss,  to  which  an  untinished  structure  in  the  exixised  locality 
of  this  work  would  have  been  subjected,  it  wa«  recommended  by  the 
Chief  of  En^neers  that  tlie  expenditure  of  the  appropriation  be  sus- 
pended to  await  future  action  of  Congress.  This  recommendation  was 
approved  by  the  Hon.  Secretary  of  War.  Xo  work,  therefore,  was  per- 
formed during  the  past  fiscal  year. 

Operations  during  the  present  fiscal  year  will  depend  upon  the  changes 
rei>oi'ted  to  have  occurred  in  the  Pass  since  the  last  sur\ey. 

Authority  has  been  asked  from  the  Chief  of  Engineers  to  have  an 
examination  made  of  the  Pass  to  ascertain  the  nature  of  the  changes, 
that  a  project  for  the  judicious  expenditure  of  the  money  now  available 
may  be  submitted. 

The  work  iB  located  in  the  coHection-district  of  Indianola,  Tex.,  and  near  Matagorda 
light-house. 

WTiole  amount  appropriated $45,000  00 

Original  estimate 715,325  00 

Money  statmnent. 

July  1,  1877,  amonnt  available $20,000  00 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$45, 000  00 

July  1,  1878,  amount  available 45,000  00 

Amount  (estimated)  required  for  completion  of  existing  project CTt),  325  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  150, 000  00 


J  9. 
REMOVING  OBSTRUCTIONS  IN  BAYOU  LAFOI'RCHE,  LOUISLVNA. 

The  aet  of  Confess  approved  June  IS,  1878,  appropriated  $10,000  for 
this  work,  which  it  is  proposed  to  apply  to  the  removal  of  stuuij>s  and 
sna^s  l>etween  Thibodeauxville  and  Parr's  Canal,  as  recommended  in  my 
rejwrt  of  siurvey  of  the  Bayou  in  1874. 

Wliole  amount  appropriated $10,000  00 

Original  eatiiuAte  for  removal  of  snags,  &c.,  page  770,  Report  1874 10,  OUO  00 

Money  statement 

Amount  appropriated  bv  aet  approved  June  18,  1878 $10, 000  00 

July  1,  187 d,  amount  available 10,000  00 
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J  10. 

IMPROVEMENT  OF  THE  HARBOR  AT  NEW  ORLEANS,  LOUISIANA. 

During  the  present  fiscal  year  it  is  proposed  to  expend  the  amount 
available  in  conducting  the  work  by  hired  labor  and  piu-chase  of  mate- 
rial in  open  market,  and  in  the  manner  recommended  in  report  of  the 
Commission  of  Engineers  recently  convener!  for  the  ])ui'i>ose  of  perfect- 
ing a  i)lan  for  protection  of  the  city  front  and  submitting  estimates  for 
the  same,  of  which  the  following  is  a  copy : 

REPORT  OP  COMMISSION  OF  ENGINEERS. 

New  Orleans,  La.,  April  8,  1878. 

Sir:  The  Board  of  Enj^ineers  convened  at  the  request  of  the  city  councU  ^'to  exam- 
ine and  rei)ort  upon  the  means  necessary  to  protect  the  wharves  and  harbor  from  the 
incursions  of  the  river,"  beg  to  submit  the  following: 

Referring  to  your  letter  of  November  17, 1877,  the  engineering  information  requested 
of  the  Bcjard  was  as  follows : 

First.  A  thorough  and  complete  survey  of  the  river  and  its  banks  from  the  upi>er  to 
the  lower  limit  of  the  city,  giving  cross-sections  of  the  stream  every  half  mile,  and 
the  direction  of  the  current. 

Second.  A  plan  ibr  the  temporary  preservation  of  the  banks  and  wharves  from  de- 
stniction,  to  apjdy  only  to  the  most  exposed  points,  and  adapted  to  the  present  resour- 
ces of  the  city,  which  are  limited,  accompanied  by  estimates. 

Third.  A  more  general  and  comprehensive  plan,  embracing  the  river  front  of  the 
second  and  third  districts,  as  a  pennanent  work,  with  estimates,  so  as  to  be  commenced 
and  carried  on  gradually  as  the  future  prosperity  of  the  city  may  admit. 

At  a  former  session  of  the  Board,  held  in  November  last,  a  preliminary  report,  was 
rendered  your  honor  respecting  the  condition  of  aflfairs  along  the  city  fnmt.  In  this 
the  means  necessary  to  be  taken  to  preserve  the  most  exposed  points  (w^hich  were  at 
the  foot  of  Suraparu  street  and  at  the  foot  of  Montegut  street)  were  presented,  and  the 
execution  of  the  plans  was  intrusted  to  and  carried  out  under  the  direction  of  the  city 
surveyor.  A  general  plan  also  was  outlined,  w^hich  was  to  embrace  the  entire  city 
front,  from  Can*ollton  to  a  point  below  the  United  States  Bari'acks,  or  so  much  of  it  at 
least  as  needed  pennanent  protection.  Tlie  Board  were  unprejiared  at  that  time  to 
decide  ujwn  all  the  details  to  be  observed  in  this  permanent  ])lan  of  protection,  owing 
to  the  lack  of  the  necessary  information  respecting  the  condition  of  the  caving  banks, 
their  extent,  their  composition,  slope,  depth  of  water,  &c.,  all  of  which  could  only 
be  furnished  by  an  exhaustive  and  extensive  survey  such  as  called  for  by  your  letter. 

This  survey  was  undertaken  under  the  personal  supervision  of  the  local  members  of 
the  Board,  with  aid  furnished  by  the  government  and  by  the  city,  and  was  carried  to 
a  successful  termination.  It  is  complete  and  thorough  in  all  the  details  necessary  for 
a  proper  study  of  the  problem  submitted  to  the  Board.  It  extended  from  a  point 
above  Carrollton  to  a  point  below  the  barracks,  embracing  also  the  right  bank  of  the 
river,  and  was  made  in  three  sections.  Section  first  started  from  a  point  some  3,300 
feet  above  the  Metairie  road,  at  the  upper  end  of  a  plank  revetment  where  there  is  a 
wide  batture,  and  followed  the  left  bank  to  the  Orleans  Park,  where  there  is  also  a 
wide  batture,  a  total  distance  of  22,243  feet.  At  intervals  of  100  feet  lint^s  of  sound- 
ings were  made  extending  out  from  300  to  400  feet,  and  where  there  were  caving  banks 
intermediate  lines  were  sounded.  Tliirty-four  sections  were  also  sounded  across  the 
river  in  this  stret-ch,  and  from  100  to  120  soundings  were  located  on  each  section. 
Thirty  of  these  cross-sections  were  nearly  at  the  same  points  as  those  made  in  the  sur- 
vey of  1851  by  Captain  (now  General)  Humphreys.  From  the  Orleans  Park  t«  Canal 
street,  there  being  no  caving  of  the  left  bank,  no  survey  of  that  line  was  made.  Sec- 
tion second  commenced  at  Canal  street,  and  the  shore-line  was  run  from  that  })oint  to 
the  slaughter-houses,  a  distance  of  21,800  feet.  On  this  stretch  soundings  were  made 
at  each  100  feet,  as  before,  extending  out  into  the  river  from  300  to  400  feet.  Twenty 
cross-sections  were  also  sounded  at  nearly  equal  interv'als,  but  only  about  80  sonndings 
were  located  on  each  one.  Section  third  included  the  right  bank  of  the  river,  and 
commenced  at  a  point  3,450  feet  above  the  lock  at  Westwego,  and  extended  down  to 
the  point  at  Algiers,  and  is  some  47,000  feet  in  length.  Soundings  were  made  at  inter- 
vals as  in  the  survevs  of  the  other  sections,  and  19  cross-sections  were  sounded  across 
the  river  between  tiie  lower  end  of  the  Carrollton  section  and  Canal  street,  thus  filling 
that  interval. 

Gauges  were  kept  at  Carrollton,  Canal  street,  the  mint,  and  at  the  United  States 
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Barracks ;  and  all  soundiDgs  were  rednced  to  the  same  plane  of  reference  as  that  of  the 
delta  survey,  and  reads  on  the  CarroUton  gauge  15'.70. 

The  condition  of  the  banks  as  developectby  the  survey  is  as  follows : 

From  the  upper  end  of  the  CarroUton  Survey  to  station  186  there  is  a  wide  batture  and 
no  caving  going  on  at  present.  From  station  186  to  station  91  (at  the  head  of  CarroU- 
ton avenue),  there  is  more  or  less  caving  of  the  bank  throughout  the  whole  distance. 
Between  stations  140  and  157  some  500  feet  of  the  bank  have  caved  in  since  1858,  and 
at  the  CarroUton  Hotel,  which  is  at  the  lower  end  of  the  present  cutting,  in  that  time 
some  200  feet  have  gone  in.  The  total  length  of  the  caving  in  this  section  is  9,200 
feet. 

From  station  91  down  to  station  55  there  have  been  about  200  feet  caved  in  since 
1858,  but  there  is  little  if  any  caving  going  on  now,  except  in  two  places,  one  about 
300  and  the  other  about  200  feet  long.  Below  station  55  there  is  a  till  at  present,  and 
a  wide  batture. 

Below  Canal  street,  from  Morgan's  Wharf,  at  station  10  to  station  160,  a  distance  of 
15,000  feet,  the  bank  needs  more  or  less  protection.  It  has,  however,  only  been  deemed 
advisable  to  apply  protective  measures  to  the  slope  of  the  bank  from  Morgan's  Wharf 
to  Congress  street,  a  distance  of  7,500  feet,  leaving  the  remaining  portion  of  the  city 
below  tliat  point  to  be  protected  by  a  new  levee. 

On  the  right  bank  the  space  through  which  the  caving  takes  place  extends  from 
station  49  to  176,  below  the  locks ;  and  from  station  296  to  476,  above  and  at  Algiers, 
a  total  length  of  31,7<X)feet. 

The  Board,  however,  does  not  deem  it  at  present  absolutely  necessary  to  apply  the 
works  of  protection  to  this  entire  stretch  of  bank,  but  only  to  a  portion  embracing 
Nine  MUe  Point. 

The  locations  of  the  different  caving  banks  at  which  it  is  proposed  to  apply  the 
works  of  protection  can  better  be  uuderstood  by  reference  to  the  sketch  map  accom- 
panying the  report,  whUe  at  the  same  time  an  inspectitm  of  the  4ndcx  and  detailed 
maps  will  give  all  the  information  respecting  the  depths  of  water,  slope  of  bank, 
composition  of  same,  &c.,  much  more  fuUy  than  can  be  indicated  or  enumerated  in 
the  report. 

The  results  of  the  survey  of  the  banks  show  that  they  are  composed  of  a  hard  blue 
mud  with  interme<liate  soft  strata.  These  soft  strata  outcix»p  at  various  depths  as 
shown  on  adjacent  Unes of  soundings.  In  some  cases  they  are  quite  regular ;  in  others, 
quite  irregular,  as  if  deposited  upon  a  slojie. 

The  cavings  result  fit)m  the  saturation  of  these  layers  of  soft  material,  which  are 
afterward  washed  or  cut  out,  causing  the  superincuml)ent  mass  to  fall  or  slide  into  the 
river.  This  caving  takes  place  mostly  upon  a  falliug  river,  the  high  water  seeming  to 
act  by  its  pressure  in  sustainiug  the  bank.  These  soft  strata  occur  at  various  depths, 
from  near  the  surface  to  near  the  bottom  of  the  river,  and  the  greater  or  less  amount 
of  cave  seems  to  dejwnd  uj)Ou  their  relative  x>08ition. 

In  order,  then,  to  retain  the  bank  in  its  natural  ])08ition  the  rerae<iy  to  be  appUe<l 
would  seem  to  be  some  method  by  which  the  cutting  out  of  the  defective  strata  could 
be  prevented.  This  is  best  subserved  by  applying  to  the  bank  a  revetment  extending 
so  as  to  cover  the  whole  slope,  or  so  nuich  oi  it  as  is  likely  to  be  affected. 

The  banks  along  the  city  front  pi*e8ent  conditions  not  unfavorable  to  the  successful 
appUcation  of  a  project  such  as  was  outlined  in  our  preliminary  report  of  November 
last. 

The  general  method  indicated  there  was  to  cover  the  slope  of  the  bank  with  a  revet- 
ment of  brush  and  stone  in  such  shapes  and  forms  as  best  suited  the  particular  locality 
where  it  was  to  be  applied. 

While  much  more  costly  applications  of  timber  and  stone  might  subserve  the  object 
in  view,  those  of  brush  and  stone  in  the  slia})e  of  matting  applied  to  the  banks  have 
the  merit  that,  while  suitable  for  the  purpose,  they  are  comparatively  cheap,  are  dura- 
ble, are  easily  applied,  and  on  account  of  their  pliability  can  be  well  adapted  to  the 
irregular  slopes  of  the  banks  caused  by  the  caving.  At  the  same  time  the  carjieting 
of  the  bank  in  such  a  manner  caiLses  no  undue  contraction  of  the  water-way  and  allows 
the  current  to  move  along  in  it  natural  course. 

At  the  upper  section  of  the  river  at  CarroUton,  and  on  the  right  bank  above  Algiers, 
where  there  are  no  wharves,  it  is  proposed,  in  accordance  with  the  above  views,  to 
cover  the  slopes  from  a  short  distance  above  low-water  to  a  distance  out  such  that  all 
defective  strata  wUl  be  protected  by  a  layer  of  brush  foiined  into  rafts,  and  ballasted 
with  stone  sufficient  to  keep  them  in  position. 

Along  the  section  of  the  river  from  Morgan's  Wharf  to  the  foot  of  Congress  street  it 
is  proposed  to  form  a  bulkhead  extending  the  entire  distance,  in  a  line  with  the  outer 
row  of  wharf-piles,  by  driving  piles  in  i)air8,  the  distance  between  the  centers  of  each 
pair  being  6  feet  and  between  the  piles  of  each  pair  3  feet.  These  piles  in  pairs  are 
bolted  together  at  low  water  and  at  the  top.  Between  the  piles  extending  up  and 
down  stream  brush  fascines  are  piled  up  to  low-water  mark,  forming,  so  to  speak,  a 
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brush  wall.    Above  low-water  mark,  on  the  outside  of  the  piles,  plank  are  placed 
ext^'udiuff  to  high-water  mark. 

From  the  foot  of  this  row  of  piles,  extending  out  as  far  as  may  be  necessary  to  cover 
all  defective  strata,  a  layer  of  brush  and  stone  in  suitable  fonu  is  laid  upon  the  slo^je. 

The  object  in  not  continuing  the  revetment  clear  up  to  the  bank,  as  in  the  other  dis- 
tricts, is  that  it  has  been  found  from  experience  that  great  difficulty  and  expense  will 
attend  the  removal  of  the  great  number  of  piles  and  timbt^r-work  now  forming  the 
wharves  and  occupying  a  poi-tion  of  the  slope  needing  protection,  and  which  it  would 
be  necessary  to  remove  were  it  determined  to  carpet  the  entire  slope,  adding  consider- 
ably to  the  expense,  and  more  than  the  circumstances  would  warrant. 

Statistic*  at  the  disposal  of  the  Board  indicate  that  the  largest  interest*  involved  are 
in  section  2,  from  Morgan's  Wharf  to  Congress  street.  It  therefore  seems  expedient 
that  the  proposed  measures  of  protection  shotild  be  first  applied  to  that  part  of  the 
shore.  Similar  reasons  indicate  that  the  work  on  the  Carrollton  section  No.  1  should 
be  next  done,  and,  finally,  that  work  above  Nine  Mile  Point  on  the  right  bank  which 
is  essential  a«  a  protection  to  the  works  in  section  1  and  the  shore  below. 

The  following  are  the  estimates  for  the  pn)te(tion  of  so  much  of  the  city  front  as  the 
Board  deems  absolutely  essential  at  the  present  time  to  the  preserv^ation  of  the  wharves 
and  harbor,  though  eventually  the  protection  of  the  entire  front  may  have  to  be  under- 
taken. These  estimates  being  approximations,  the  Board  has  sought  to  make  them 
sufficiently  largo  to  cover  all  contingencies,  leaving  to  the  engineer  who  may  have 
charge  of  the  construction  of  the  work  a  certain  latitude  wliereby  such  changes  as  may 
appear  necessary,  and  as  circumstances  call  for,  can  be  made  as  the  work  progress^. 

ESTIMATES. 

Section  2,  from  Morgan^ 8  Wharf  to  Congress  street. 

Piles  and  planking,  at  $6.33  per  running  foot $47, 475  00 

FilUng  between  piles,  6,600  cord*,  at  |2.50  per  cord 16, 500  00 

Brush  nmtting,  7,500  feet  long,  200  feet  wide  in  position,  and 
ballasted 146,025  00 


210,000  00 
Contingencies 25,000  00 

Section  1,  at  Carrollton. 

Brush  matting,  9,200  feet  long,  200  feet  wide,  sunk  and  bal- 
lasted, at  $19.50  per  running  foot 179,400  00 

Contingencies 18, 600  00 

Section  3,  Xine  Mile  Point. 


$2:j5,ooo  go 


198, 000  00 


Brush  matting,  2,000  feet  long,  200  feet  wide,  sunk  and  bal- 
lasted, at  $19.50  per  nmning  foot 39,000  00 

Contingencies 4,000  00 

43,000  00 

Total  estimated  cost 476,000  00 

Herewith  are  transmitted  the  drawings*  pertaining  to  the  survey,  consisting  of  4 
index  charts;  1  sketch  map,  showing  locations  of  proposed  improvenients ;  2  sectional 
drawings,  showing  details  of  proposed  constructions ;  43  sheetij  of  drawings,  showing 
details  of  survey. 

There  are  also  transmitted  all  the  papers  alluded  to  in  our  preliminary  report,  con- 
sisting of  letters,  views,  4&c.,  of  professional  and  other  persons  in  regard  to  the  work. 

The  Board  desire  to  express  their  acknowledgment  of  the  valuable  services  rendered 
by  Commodore  C.  P.  Patterson,  Chief  of  the  iJiiited  States  Coast  Survey ;  the  officers 
and  crews  of  the  United  States  men-of-war  Enterprise  and  Cauouicus ;  Messrs.  H.  C. 
Collins,  W.  H.  Williams,  George  d'Hemecourt,  M.  W.  Darton,  H.  S.  Douglass,  Eugene 
Thompson,  and  Capt.  M.  W.  Irancis.  and  their  assistants. 

We  would  respectfully  recommena  to  your  honor  that  provision  be  made  for  coui- 

*Not  with  the  manascript  funuBhed  to  the  printinj^-office. — [Printer.] 
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pleting  the  maps,  &c.,  of  the  survey,  and  the  careful  preservation  of  the  same  as  a 
valuable  contribution  to  the  hydrography  of  the  river  in  the  vicinity  of  Now  Orleans. 
All  of  which  is  respectfully  submitted. 

G.  Weitzel. 
W.  H.  H.  Benyaurd. 
C.  W.  Howell. 
B.  M.  Harrod. 
J.  A.  D'Hemecourt. 
RoBT.  C.  Wood,  Secretary, 
Hon.  Ed.  Pilsbury, 

Mayor  of  New  Orleans, 

I  am  not  prepared  to  state  whether  or  not  the  work  is  susceptible  of 
l)ermanent  completion. 

The  work  is  located  in  the  collection-district  of  Now  Orleans. 

The  nearest  light-house  is  at  Milneburg,  on  Lake  Pontchartrain. 

The  nearest  light-house  on  the  Mississippi  River  is  at  the  head  of  South  Pass. 

Whole  amount  appropriated $50,000  00 

Original  estimate 476,000  00 

Money  statement. 

Amount  appropriated  by  act  approve<l  June  18, 1878 f50,  000  00 

July  1,  1878,  amount  available 50,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 426,  0{M)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  200, 000  00 


APPENDIX  K. 


ANNUAL  EEPORT  OF  CAPTAIN  JAMES  F.  GREGORY.  CORPS 
OF  ENGINEERS,  FOR   THE  FISCAL  YEAR   ENDING  JUNE 

30,  1878. 

United  States  Engineer  Office, 
Headquarters  Department  of  Texas, 

San  AntoniOj  Tex.y  June  8, 1878. 

General  :  I  have  the  honor  to  submit  herewith  my  annual  report 
upon  the  work  for  the  protection  of  the  river-banks  at  Fort  Bix)wn,  Texas, 
for  the  fiscal  year  ending  June  30, 1878. 

Very  respectfully,  your  obedient  servant, 

James  F.  Gregory, 

Captain  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 


PROTECTION    OF  THE    RIVER-BANKS    AT    FORT  BROWN,   TEXAS,  FROM 

ENCROACHMENTS  OF  THE  RIO  GRANDE. 

In  my  last  annual  report  dated  San  Antonio,  Tex.,  July  10, 1877  (see 
Appendix  K,  to  Annual  Report  of  Chief  of  Engineers  for  1877),  it  was 
stated  that  the  work  contemplated,  and  ai)proved  by  the  Chief  of  En- 
gineers, for  the  protection  of  the  northwest  river-front  of  the  Fort  Brown 
inclosure,  was  finished,  and  that  no  further  recommendation  in  regard 
to  it  could  be  made  imtil  the  effects  upon  it  of  the  next  considerable  rise 
in  the  river  should  be  knowTi. 

Briefly  described,  the  work  was  a  pile-breakwater  composed  of  two 
rows  of  12  by  12  inch  piles  40  feet  long.  These  piles  were  fii-mly  bound 
together  by  a  double  set  of  longitudinal  and  transverse  braces  of  10  by 
10  inch  timbers  bolted  on  with  1-inch  screw-bolts  with  double  washers. 
TUe  braces  were  placed  as  near  as  possible  to  the  surface  of  low-water, 
and  the  pile-tops  were  sawed  off  1  foot  above  the  top  braces;  the  design 
being  to  prevent  the  deep  channel  from  approaching  nearer  the  shore, 
and  in  the  belief  that,  if  erosion  by  the  main  cun'ent  could  be  prevented, 
the  damage  caused  oy  the  flow  of  water  over  the  work  at  periods  of 
high  water  would  be  inconsiderable  and  of  small  importance  compared 
to  the  advantage  gained  by  having  short  leverage  against  the  piles. 

The  piles  were  driven,  with  the  exception  of  the  anchorage-piles  at 
the  head  and  foot  of  the  work,  from  18  to  29  feet  into  the  groimd  or 
river-bottom,  being  in  each  case  to  the  extreme  limit  of  endui^ance  of  the 
fiber  of  the  timber. 

Under  the  entire  work  brush  mattresses  1  foot  in  thickness  were 
placed  to  prevent  washing  around  the  feet  of  the  piles.  The  axis  of  the 
main  work  was  a  line  starting  at  the  river-bank,  at  the  foot  of  Four- 
teenth street,  Brownsville,  and  made  an  angle  of  9  degrees  with  the 
general  direction  of  the  shore-line  from  the  starting  point  to  a  point  in 
front  of  the  Administration  Building. 
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Tii*-  u.i.zi  iTMfk  w^jL-i  l->»  i*^i  ]«»rij.  iiD^l  was  Ci»rirH^:Xr-ii  with  tlir  bink 
Ij^low  uy  iA  ^I'.iZ  'r»"i:Ix  in  \h*t  y^iif  iii^ikHr'T  as  tb»-  main  '*:tro«-t7irv.  amd 
ifi;ik:rj:.'  "a^Th  it  an  arijl^  •»!  ^'*»»nT  1  ;«» •i^-:^^v^-^:  thtf  oh*-!-!  ••!  li**- win^ 

A  >>'.♦-  th»-  L*-ii*i  {ir'»5»-r  Mf  xnr  w.ck  a  p»w  of  t^-ii  j»i]t-s,  in  ]»n4«»:i^jn«« 
of  th^  o:iT*:.lf-  n*":*^  iff  tijf*  iri;iiD  w.irk.  was  •Lriv#^u  al«»a;i:  tlit-  i*»w  waier 
i^Jior^  ]i:;K  ;4!i«i  tht-w  w»-re  c»»:i!ie»-U'*l  with  ea«b  othtfr  by ->TTiii;jr-rs  t»»li»ii 
oil  a*  ^»!i  rlj«>  rii>iiri  work. 

r>Ti  rh'-  i^-'iTh  of  (}iU*^*^T  of  last  yt<ir  I  !>-•>- jv»-fi  from  Maj.  W.  R, Prkt, 
Ei^htii  r'nir»-<l  .'^rat^^s  <  avairy.  th»-n  rT»rniiia!i«liiJ«r  at  Fort  l>n»wiu  tele- 
*^.i]t\ij-  in!«»nii,ir3«»ri  of  in:  ny*  t«»  th»-  i»rvakwar»-r.  and  aI-^»  a  rvj»»rt  ^tf  it* 
c-^iudiTioii  liv  Mr.  :^.  W.  l>n,-jks,  who  was  my  o\>rr>4^ron  the  work  dariiig 
its  r-oii«.rni«ti«»ri. 

TJj*-  I;iTt»-r  r»'j»^»rT^l  that  tlif-  iirj«]^-r]>iiJi:  quirksand  ha4l  ^it-en  washed 
away  froj/i  x\i*'  ^»hk  at  and  a>M»v»-  th»'  h»'ad  of  the  work,  «niu<inj  tr»Hii2 
to  'Ih  f'-^-t  in  t?ji«kn»*^«i  of  it  to  j^^-ttle  fnnu  l'<  to  l?i»  inrhrs,  t-iiny  Id;:  with 
it  thf  pii^'S  driven  in  it.  The  uiain  w*irk  was  ii«»t  very  inm-h  inJiirv^Lbat 
four  or  five  of  the  pile?*  I>eiiig  attaehn*!  to  the  faeic^r  piles  had  moved 
sh;rhtly. 

It  apfM-iirs  that  the  current  impinjred  njwin  the  bank  a  little  above 
where  it  did  wh^-n  the  work  was  erv<teiL  and  it  was  a|»prehende<L  with 
^o<¥l  ^oinHN.  that  tlie  current  uii;rht  wa>h  in  behind  tlie  head  of  the 
work  and  rend»'r  it  worse  than  useless.  I  therefore  recommt-ntled  that 
the  iine\i>*'iHl«-<i  balance  of  the  appropriatiou.  *2,.S4>2.41,  l>e  re- transferred 
to  uie  to  eiiabh'  uie  to  render  the  head  of  the  work  secure,  and  a^ked 
authority  to  employ  an  assistant  to  superintend  the  work  of  rejuiirs. 

By  h'tter  of  the  Chief  of  En jdneers,  dated  Washington,  D.C.,  Novem- 
1>er  0,  1^77,  my  recommendations  were  approved,  and  I  was  authorixed 
to  yTiH'A^A  with  the  work  of  repairs  by  purch;U5e  of  material  and  hired 
la!H>r. 

The  timl>er,  machinery,  and  materials  were  purchased  in  Galveston, 
Tex.,  and  shipi>e<l  b\'  schooner  to  Brazos  de  Santiago  and  thence  by  rail 
to  Broun svi He. 

Tlie  si-rvices  of  3Ir.  S.  W.  Brooks  were  secnred^  and  tinder  his  super- 
intenden<-e  the  new  work  was  begun  on  the  1st  of  March  and  completed 
on  the  l.jth  of  Ma  v. 

The  work  iH*rfoniH*d  consisted  in  removing  the  facing  piles  which  were 
now  iLsifless,  and  commencing  at  the  sixth  pile  of  the  main  work,  con- 
tinuing a  new  work  ufKjn  the  same  plan  as  the  old  one  about  130  feet 
farther  up  the  stream,  the  last  40  feet  of  this  distance  being  sheet 
piling. 

There  were  diiven  twenty-three  large  piles  from  22  to  28  feet  into  the 
ground  (after  piles  had  settled  through  the  mattresses  and  into  the  mud 
of  the  river  bottom  by  their  own  weight  and  that  of  the  hammer  resting 
ui>on  tliem)  by  from  70  to  120  blows  with  a  hammer  weighing  1,300 
pounds,  falling  from  a  minimum  height  of  10  feet  and  a  maximum  height 
of  40  Hi^i^. 

The  wliole  was  braceil  and  ballasted  as  was  the  main  stnicttire,  and 
the  8pa<e  Ix^tween  it  and  the  river-bank  filled  with  condemned  hay, bal- 
lasted with  bri(!k-bats  and  covered  with  earth. 

At  the  ffx>t  of  Fourteenth  street,  BrownsAille,  a  new  sewer-outlet  was 
construct^xl  across  the  work,  thereby  pouring  the  sewer-flooils  into  the 
river  outside  of  the  work.  ThLs  sewer  was  partially  the  cause  of  the 
damage  to  the  original  work.  Some  delays  in  the  progress  of  the  work 
were  caused  by  sudden  temi^rarj-  rises  in  the  river,  but  everything  was 
in  complete  order,  when,  on  May  15,  the  river  suddenly  rose  to  a  height 
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'  12  feet  above  low-water  siirfaee.    It  as  suddenly  fell  to  6  feet  above 
•w- water,  and  then  rose  again  slightly. 

Mr.  Brooks  rei>orts  to  me  that,  upon  the  subsidence  of  high-water,  not 
ily  had  the  work  sustained  no  damage,  but  tliat  a  considerable  amount 
^  sediment  had  been  deposited  upon  and  behind  it,  and  that  it  has  everj^ 
ppearance  of  being  thoroughly  substantial. 

There  have  been  several  considerable  changes  in  the  conditions  of  the 
roblem  of  protecting  the  post  front  since  my  examination  of  last  year, 
lie  Mexican  point  known  as  Santa  Cruz  Point,  opi>o8ite  Brownsville, 
[IS  been  eroded  somewhat,  and  this  ac^tion  still  continues.  In  the  elbow 
f  the  river  just  above  the  breakwater  quite  a  flat  of  sand  has  been  de- 
osited,  and  l>etween  the  pumping-house  of  the  garrison  and  Old  Fort 
rown  a  large  flat  has  been  deimsited. 

The  Levee  Company  of  Brqwnsville  have  this  spring  i>ut  in  a  small 
tty  of  live  willow  piles  just  above  the  city,  at  an  expense  probably  of 
bout  $3,()00,  which  also  stood  well  the  effects  of  the  last  lise.  It  is  too 
irly  to  say,  however,  what  probable  efliect  upon  the  river-channel  this 
itter  work  will  have,  but  I  do  not  anticii)ate  from  it  any  special  result 
ither  detrimental  or  beneficial  to  the  ftont  of  Fori  Brown. 

In  front  of  the  Administration  Building,  and  a  little  lower  down,  the 
ank  is  being  eroded  quite  rapidly,  about  5  feet  ha\ing  gone  since  last 
ear,  and  danger  is  still  to  be  apprehended  for  said  building  and  lest 
le  river  yet  break  through  into  the  lagoon. 

As  the  breakwater  jiroper  erected  last  year  has  stood  perfectly  during 
le  rises  of  last  year  and  the  high  water  this  year,  I  would  respectfully 
M!ommeml  that  it  be  extended  ui)on  the  same  plan  400  feet  further 
own  the  river,  which  would  i>robably  perfectly  lu'otect  the  garrison 
•out, 

Tlie  cost  of  the  original  structure  and  wing  at  lower  extremity,  200 
?et  in  length,  was  $7,197.59.  To  build  400  feet  extension  would  there- 
)re  cost  $14,400,  and  I  respectfully  recommend  that  said  amount  be 
ppropriated  for  the  pui7>ose. 

Tlie  following  is  a  statement  of  funds  showing  the  amounts  expended 
uring  the  fiscal  year  ending  June  30,  1878,  and  the  amount  available 
uly  1,  1878: 

Money  statement 

Illy  1,  187H,  balance  available  of  appropriation  made  by  Sundry  Civil  act 

approved  July  :U,  1876 2,802  41 

aly  1,  1878,  amount  expended  during  fiscal  year 2,  7D6  33 

lily  1,  1878,  amount  available , , 6  08 

mount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  §14,  400  00 
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ANNUAL  EEPORT  OF  CAPTAIN  W.  H.  H.  BENTAUED,  CORPS 
OF  ENGEvTEERS,  FOR  THE  FISCAL  YEAR  ENDD^G  JUNE 
30,  1878. 

United  States  Engineer  Office, 

MemphiSj  Tenn.,  July  1, 1878. 

General  :  I  have  the  honor  to  transmit  herewith  annual  reports  upon 
the  different  works  under  my  charge,  for  the  fiscal  year  ending  June  30, 
1878. 

Very  respectftdly,  your  obedient  servant, 

W.  H.  H.  Benyaitrd, 

Captain  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  S.  A, 


Li. 

improvement  of  the  OUACHITA  RIVER,  ARKANSAS  AND  LOUISIANA. 

The  project  for  the  improvement  of  the  Ouachita  when  I  assumed 
charge  of  the  work  contemplated  the  construction  of  a  series  of  locks  and 
dams  for  slack-water  navigation.  For  sufficient  reasons  this  idea  was 
abandoned,  and  operations  afterward  confined  principally  to  the  removal 
from  the  river  of  all  obstnictions  interrupting  navigation,  consisting  of 
wrecks,  snags,  sunken  logs,  leaning  trees,  &c.,  using  for  this  purpose 
the  light-draught  snag-boat  O.  G.  Wagner. 

These  oi)erations  have  been  carried  on  for  the  past  three  years,  greatly 
to  the  benefit  of  the  navigation  of  the  river. 

At  low- water  stages  in  the  Ouachita  but  a  comparatively  small  quan- 
tity of  water  passes  Camden,  rendering  navigation  to  that  point  exceed- 
ingly difficult,  especially  over  the  shoal  places.  To  ameliorate  this  con- 
dition of  affairs,  it  was  proposed  at  the  commencement  of  last  season's 
work  to  build  at  the  various  shoal  places  in  the  upper  river  wing-dams 
of  brush  and  stone  for  the  purpose  of  concentrating  all  the  water,  when  at 
a  low  stage,  in  a  single  channel  of  sufficient  width  for  all  navigation 
purposes.  Accordingly  work  was  inaugurated  at  Spoon  Camp  Shoals, 
and  dams  were  built  at  that  place,  and  also  at  Buffalo  Flats,  four  in  all. 
They  have  greatly  benefited  the  low-water  navigation  of  these  shoals, 
which  were  considered  the  worst  in  the  upper  river.  Tlie  success  attend- 
ing this  project,  as  testified  to  by  the  steamboat-men,  induces  me  to  try 
other  dams  at  various  points  below,  notably  at  Hog-Eye  Shoals,  Slim 
Island,  and  Smack  Over  SHoals  in  Aikansas. 

Operations  will  be  continued  with  the  Wagner  to  the  extent  of  the 
ftmds  approjmated,  in  the  above  work,  and  also  in  the  removal  of  snags, 
logs,  &c.,  forming  obstructions  to  the  navigation  of  the  river. 
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The  report  of  Mr.  Justin  Strai^zer,  uj^m  the  last  season's  work  on  tiie 
(lams  and  upon  the  removal  of  obstructions,  is  submitted  below. 

United  State>  Snag-boat  O.  G.  VTagstjl 

SIfimpkiJt,  T(p»ii..  yoremher  3fj.  Ir^. 

Major:  I  have  the  honor  to  puhniit  hf-rewith  my  report  on  the  operations  of  the 

United  Statei?  buag-U»at  O.  G.  Wa^er  in  the  Oaachiia  River.  &«>iu  July  1  to  November 

9,  IrfTl. 

•  •••••• 

The  prr»j<rt  for  the  improvement  of  navijiariMn  in  Oua*  hita  River  for  the  »«miner 
tM'aM»n  of  l^fTii  enihraee*!  ns  thf  most  iinj^nTant  ol»j»-<t  tlie  ei»n«irnu'ti<»u  of  low-witef 
ilaiwi  at  SfM»f»n  Camp  Shoals  and  Biitialo  FiatJi,  in  the  Stat*-  ol  Arkan^^a.^  forthepur- 
\*<*>4'  of  eou<  entratiijg  the  water,  wiien  at  a  low  s^tajxe.  in  one  sinj^ltr  channel  at  each  of 
th«*?rf'  j»lac«*8. 

Work  at  SiKjrm  Camp  Sho;il>«  had  already  l>een  stanM  Jnne  1*.  I'-TT.  I  conehided 
to  s<*le<-t  as  Tlie  fiiinr*-  channel  th«-  cnt-r»rt' a<r<»s?»  tli*-  jN.int  next  to  the  rijrht  shore. and 
to  conc^-nTrate  all  tlie  wat^r  in  tlie  f<iui*-.  clttMni;  ihe  f«»nncr  low-water  channel  and  a 
minor  chuie  Imfui^hI  l>etween  the  i>land  and  a  tow-head. 

Two  dani.H  wen- r-on^Tnirtcil  for  tliat  jmriMtr^.  l)ani  Xt».  1  reachinjx  &t>m  the  main 
left  hank  of  the  river  to  the  t4»w-liead  situated  Wtwj-^-n  it  and  the  i-^land.  Dam  No. 
2  was  thn»wn  aeri»Tv*  tlie  smaller  chute  fn»iQ  the  tow-head  to  the  island. 

Dam  No.  1  is  110  feet,  dam  No.  2.  *J^)  feet  long:  both  have  a  baae  of  i><J  feft,  and  are 
carTi«*<l  to  a  heij^ht  of  5  feet  alK>ve  low  water. 

The  njatenal  iis<-d  in  the  e«»n>tnH  ti«»n  <»f  the  dams  consi>ted  of  willow  brush,  mana- 
faetnred  into  matiresM's.  and  ballasted  with  s;ind-.>a«ks,  rx»ik.  and  heavy  water-k»ggetl 
timber,  principally  oak  and  ^niiu* 

Th<*M'  maTtresx-s  rested  (m  the  lower  side  against  a  row  of  pile>i,  driven  with  a  pile- 
driver,  which  I  M't  up  on  the  1k>w  of  the  snag-lxjat,  using  the  uiacliiner^*  of  the  hoi£l- 
ing-<rane  for  lifrin;;  the  hammer. 

The  afoniiieiitinned  water-lojrjred  timljer  were  snajrs  and  lojrs  lying  at  the  liot  torn 
of  the  river  al»ove  the  shoals;  and  a*  it  was  refjuired  to  have  them  taken  out  at  any 
rate,  they  were  carried  cm  the  boat  to  the  site  of  the  dam.  placed  in  proper  position, 
and  thus  us#-<l  with  great  a<lvanta«;e  its  ballast. 

The  intervals  between  thes«*  layers  of  logs  were  fill<*d  up  with  willow  brush,  sand- 
sacks,  and  nnk,  and  the  dams  thus  carried  with  alternate  layen>  to  a  height  of  5 feet 
aliove  low  water. 

Even  during  the  building  of  the  dams  a  marked  improvement  could  be  ol»ser\'ed  ui 
the  cut-olf  which  was  destined  to  Ik*  the  future  low-water  channel;  at  the  same  time 
the  {HMils  alM>ve  and  l>elow  the  dams,  in  the  old  channels,  commenced  to  become  shallow 
and  fill  up. 

On  the  2"^th  of  June  a  sucblen  ris<%  to  a  height  of  6  feet  over  the  nearly  finished 
diims  at  SpcHMi  Camj»  intcmii»red  work  at  that  locality  ft»r  s«»veral  days,  dirring  which 
time  I  collected  ancl  tow<»d  material  to  Butialo  Flats  for  building  the  dams  at  that 
place.  After  the  rise  had  sjibsided  work  was  resumed  at  S|mk»u  Camp.  Both  dam:* 
were  found  solid  and  intact:  the  upi»i'r  p<K)l  had  tilled  up  to  such  an  extent  that  when 
taking  the  last  load  of  rock  to  the  upi»er  side  of  dam  No.  1  the  lx»at  could  lie  mauage<l 
only  with  diliieulty  in  the  shallow  water,  the  wheel  jilowing  up  the  new  dejMisits;  the 
s;ime  et}'e<-t  took  place  in  the  pcnd  below  the  dams. 

I  tinished  work  at  8ihk>u  Camp  July  5,  and  proceeded  to  Buffalo  Flats  on  the  same 
day. 

At  Buffalo  Flats  2  dams  were  ccmstructed  in  the  same  manner;  the  principal  dam, 
to  close  the  chute  between  the  right  bank  and  the  island,  ha\ing  a  length  of  75  feet  by  a 
base  of  40  iWi,  and  carried  to  a  height  of  5  feet  above  low-water;  the  second  dam  at 
this  IcK-ality  reaches  frtmi  the  right  bank  to  the  tow-head  opposite  the  mouth  of  Locnst 
Bavou  at  the  head  cif  the  shoals  of  Buffalo  Flats,  Both  of  these  dams  were  constructed 
and  finished  by  July  11. 

While  this  improvement  at  Buffalo  Flats  will  l)e  of  great  help  to  navi^tiou  at  a  low 
stage,  these  shoals  could  be  further  improved  materially  by  building  a  wing-dam  on  the 
left  shore,  &)()  feet  long,  which  would  l>e  the  means  of  straightening  the  ci"ooke<l  chan- 
nel at  the  lower  end  of  the  shoals ;  this  work,  however,  could  not  be  undertaken,  as 
the  river  was  falling  rapidly  above  Camden,  and  was  exi)ected  to  be  soon  to  low- 
water  mark  al>ove  the  overflow  region. 

As  several  important  obstructions  existed  in  the  channel  between  Buffalo  Flats  and 
Wilmington  which  were  required  to  be  removed,  I  proceeded  do¥mstream  and  en- 
gaged on  that  work,  likewise  on  cutting  some  leaning  timber  at  different  points  where 
it  was  considered  most  necessary. 

I  found  snags  most  numerous  at  Haidee  Shoals  and  above  and  below  Eldorado 
Landing ;  also  very  dangerous  isolated  snags  in  different  localities,  which  were  re- 
moved on  the  trip  downstream. 
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Thus,  operations  were  carried  on  nntil  the  17th  of  July,  on  which  day  I  reached 
Moro  Bay.  Wliile  at  Moro,  I  received  iufrtrinatiou  through  pilots  concerning  the  stage 
of  water  in  the  lower  river,  which  was  still  influenced  hy  the  ha^kwater  of  Mississippi 
River,  reaching  as  high  as  Carry  ville  at  the  head  of  the  overflow  region. 

Thus  not  seeing  any  prosi>ect  of  heing  able  to  continue  operations  m  remoWng  snags 
for  at  least  six  weeks,  I  proceeded  to>lonroe,  La.,  and  reported  to  you  the  circum- 
stances, recommending  at  the  same  time  to  withdraw  the  snag-boat  O.  G,  Wagner  from 
Ouachita  for  the  present,  and  change  her  field  of  ojierations  to  Yazoo  Riv^er. 

My  programme  having  been  approved,  I  started,  pursuant  to  your  orders,  from 
Monroe,  La.,  to  Yazoo  River,  arriving  at  Vicksburg  July  27,  1877. 

The  summary  of  work  in  Ouachita  River  fi'om  June  18  to  July  17  comprises  the 
following  items : 

Construction  of  4  low- water  dams  at  Spoon  Camp  Shoals  and  Buffalo  Flat*. 

Removal  of  85  snags  and  logs  from  the  channel  between  Camden  and  Wilmington. 

Cutting  down  191  leaning  trees. 

While  since  the  inauguration  of  improving  na\i^ation  in  Ouachita  River  a  great 
amount  of  work  has  been  done  towards  accomplishing  the  object,  it  will  nevertheless 
be  necessary  to  continue  these  operations  every  year.  Obstructions  to  navigation  will 
form  every  year  after  the  freshets,  trees  will  cave  in  from  the  banks,  and  reach  in  many 
instances  across  the  channel  in  low-water  navigation,  making  the  passage  of  boats 
not  only  dangerous,  but  are  also  a  great  source  of  trouble,  causing  delay  and  detention. 
If  allowed  to  remain  long,  drift  will  settle  on  the  same,  forming  wrack-heaps  and  sand- 
bars, which  would  not  take  place  by  removing  the  source  of  it  in  proper  time. 

Low-water  dams,  similar  to  those  constructed  at  Spoon  Camp  Shoals,  would  be  of 
great  benefit  t«  navigation  at  the  following  localities  in  Arkansas:  Hog-Eye  Shoals 
above  Millei-'s  Bluffs,  Slim  Island  Shoals,  Smack  Over  Shoals. 

In  the  State  of  Louisiana  the  following  places  are  recommended  to  receive  early  at- 
tention, viz :  Removal  of  land-slides  between  Trinity  and  Harri.sonburg ;  Catahoula 
Shoals ;  land-slides  at  Columbia ;  Rutland  Bar ;  removal  of  wreck  of  steamer  Dr.  Batey ; 
Rock  Row  Shoals ;  Rock  Ledge  l>elow  Mrs.  Sterling's  plantation ;  also  removal  of  logs  and 
snags  in  different  localities  between  Monix)e  and  Trinity  which  have  accumulated  and 

floated  in  during  the  past  two  seasons. 

•  '^u  •  •  *  ♦  * 

Very  respectfully,  your  obedient  servant, 

Justin  Straszer, 
Commanding  United  States  Snag-boat  0.  G.  Wagner. 

Maj.  W.  H.  H.  Benyaurd, 

Captain f  Corps  of  Engineers,  C.  5.  J. 

The  snag-boat  being  the  only  light-dranght  one  in  service,  I  have  been 
compelled  to  take  her  from  the  Ouachita  from  time  to  time  and  use  her 
on  other  streams ;  for  instance,  the  Yazoo  Kiver,  Mississippi,  where  the 
appropriation  was  not  sufficient  to  provide  an  outfit  and  at  the  same  time 
do  any  work.  For  this  reaaon  1  have  usually  asked  for  less  appropria- 
tion than  would  keep  the  Warner  a  whole  season  upon  the  Ouachita, 
where  she  might  possibly  work  to  better  advantage. 

COl^IMERCIAL  STATISTICS. 

Ouachita  Eiver  and  its  tributaries  were  na^igated  from  July  1, 1877, 
to  May  30, 1878,  by  12  steamers  of  the  regidar  line  and  by  7  independ- 
ent steamers. 

The  total  number  of  bales  of  cotton  carried  by  these  boats  is  131,324, 

valued  at $6,566,200  00 

Value  of  up-freight,  consisting  of— 

Provisions,  supplies,  &c.,  from  New  Orleans  direct 4, 496, 340  00 

Provisions  from  Saint  Louis,  re-shipped  at  mouth  of  Red  River 100, 000  00 

4, 596, 340  00 

Miscellaneous  down-freight:  o^o  n^o  nn 

656,620  sacks  cotton-seed ^'^*  Vi^ 

1,000  head  of  cattle,  at  $19 1^.^  ^  ^ 

l,500headofho(f8,at$6 on'^M^  ^ 

200,000  white-oak  staves Z(),UW  w 

Total  Talne 11,604,512  00 

40E 
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The  Ouachita  is  in  the  collection-district  of  Arkansas,  there  being  bat  one,  and  in 
the  third  collection-district  of  Louisiana. 
The  jiort  of  entry  properly  is  New  Orleans,  La.  • 

The  amount  of  revenue  collected  at  that  place  is .  $1,475,780  35 

The  original  estimate  of  operating  upon  the  Ouachita  with  snag-boat 
is  as  follows : 

Cost  of  steamer $30,000  00 

Running  exx>en8es  per  month 2,200  00 

Xo  detailed  estimates  will  be  presented  for  the  improvement  of  the 
Ouachita  with  the  snag-boat,  since  the  nature  of  the  work  muBt  be  con- 
tinuous from  year  to  year,  owing  to  the  character  of  the  obstructions 
which  each  flood  brings  down. 

The  estimates  are,  therefore,  only  based  upon  the  amount  required  to 
run  the  snag-boat  for  a  season's  work. 

Amotint  appropriated  March  3,  1871 •  $51,000  00 

Amount  appropriated  June  10,  1872 100,000  00 

Amount  appropriated  March  3,  1873 60,000  00 

Amount  appropriated  August  14,  1876 12,000  00 

Amount  appropriated  June  18,  1878 10,000  00 

Total  amount  appropriated ..., 233,000  00 

Total  amount  expended 222,977  68 

Bahince  on  hand  July  1, 1878 10,022  22 

The  first  appropriation  were  made  with  a  ^iew  to  the  improvement 
of  the  river  by  means  of  a  system  of  locks  and  dams,  the  estimated  cost 
of  which  was  $1,163,083.75,  and  by  oi)erating  with  a  non-proi)elliiig 
crane-boat. 

There  had  been  expended  under  this  project  for  materials,  surveys, 
&c.,  about  $160,000  when  it  was  abandoned. 

The  remainder  of  the  appropriations  has  been  expended  in  the  pur- 
chase of  an  iron-hull  snag-boat  and  in  operating  it  u^wn  the  river. 

Money  statement. 

July  1,  1877,  amount  available $6,830  56 

Amount  appropriated  by  act  approved  June  18,  1878 10,000  00 

$16, 830  56 

July  1,  1878,  amount  expended  during  fiscal  year 6,808  24 

July  1,  1878,  amount  available 10,022  32 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880  . .    25, 000  00 


L2. 

IMPROVEMENT  OF  THE  YAZOO  RIVER,  MISSISSIPPI. 

Operations  upon  this  river  were  carried  on  by  the  snag-boat  0.  G. 
Wagner,  at  such  times  as  she  could  be  spared  "from  the  Ouachita,  in 
removing  snags,  sunken  logs,  and  also  the  wrecks  of  various  steamers 
sunk  during  the  late  war. 

The  original  detailed  estimate  for  the  improvement  of  the  Yazoo  Kiver 
was  $120,000,  which  included  the  cost  of  a  snag-boat  to  be  used  especMy 
upon  this  river.  The  appropriations,  however,  have  usually  been  too 
small  for  this  purpose  and  also  to  bear  the  operating  exi>en8e8  of  a 
season's  work,  and  I  have,  therefore,  been  compelled  to  use  the  Wagner 


APPENDIX   L.  627 

at  such  times  as  I  could  get  her.    It  was  only  in  this  way  that  any 
pro^^ress  could  he  made  toward  the  improvement  of  the  river. 
.  The  report  of  *Ir.  Justin  Straszer,  giving  the  operations  for  last  season, 
is  submitted  below: 

United  States  Snag-boat  O.  G.  Wagxer, 

Memphis y  Tenn.,  November  30,  1877. 

Major:  I  have  the  honor  to  submit  herewith  my  report  on  the  operations  of  the 
United  States  snag-boat  O.  G.  Wagner  in  the  Yazoo  River  fi*om  July  1  to  November  9, 

1877. 

•  •  •  •   '  «  *  • 

• 

Before  entering  upon  the  duties  of  removing  obstructions  to  navigation  in  Yazoo 
River,  I  had  a  consultation  with  the  most  prominent  ca])tains  and  pilots  navigating 
that  river,  with  the  view  to  ascertain  their  wishes  regarding  the  removal  of  the  same. 
These  obstructions,  consisting  principally  of  logs,  stumps,  and  wrecks  lying  at  the 
bottom  of  the  river,  in  or  near  the  edge  of  the  channel,  are  very  numerous ;  and,  as  the 
season  for  working  in  Yazoo  River  is  comparatively  very  short,  it  was  deemed  a<lvisable 
to  select  first  the  most  dangerous  obstructions,  and  leave  the  removal  of  the  others  to 
future  time. 

Accoi'diugly,  a  list  of  the  most  prominent  obstructions  and  their  localities  was  made 
out  and  handed  to  me.  In  order  to  carry  out  this  programme,  I  decided  to  regulate 
the  movements  of  the  snag-boat  with  the  fluctuations  of  the  stage  of  water  in  the 
river.  Hence  the  whole  distance  from  the  mouth  of  the  river  to  Greenwoml  was  visited 
twice  up  and  down,  several  localities  oftener  to  secure  the  removal  of  certain  obstruc- 
tions, whenever  circumstances  compelled  me  to  postpone  work  at  such  places  to  a  more 
favonible  time. 

Guided  by  this  programme,  I  started  from  Vicksburg  on  July  29  and  commenced 
active  operations  the  next  day. 

Thus  moving  up-stream,  work  was  carried  on  successfully  until  the  20th  of  August, 
when  sickness  commenced  to  set  in  among  the  officers  and  deck-crew  to  an  alarming 
extent,  most  of  the  cases  being  malarial  fevers,  some  of  them  of  very  critical  type, 
which  compelled  me  to  abandon  work  at  Caldwell's  Point,  and  proceed  to  Greenwood 
for  the  purpose  of  removing  the  sick  people  to  houses  and  under  the  care  of  skiUed' 
physicians. 

Having  recniited  my  force,  I  returned  from  Greenwood,  working  down-stream,  cany- 
ing  on  the  operations  until  September  10,  when  renewed  sickness  among  the  employes 
caused  consideiable  delay  in  the  execution  of  the  work.  By  your  letter,  dat^  Mem- 
phis, August  29,  in  response  to  my  report  on  the  previous  cases  of  sickness,  I  wa»- 
authorized  to  lay  the  boat  temi)orarily  up.  I  therefore  thought  best  to  suspend  Qp«rar 
tions  until  later  in  the  season,  when  the  work  could  be  carried  on  without  danger  of 
injuring  the  health  or  sacrificing  the  lives  of  the  employ^.  Accordingly,  I  started  for 
Vicksburg,  where  I  arrived  September  12.  A  portion  of  the  crew  was  discharged,, 
while  the  mechanics,  such  as  engineers,  carpenters,  and  mates,  with  a  few  men,  were 
engaged  in  repairing  damages  to  machinery,  patching  up  deck,  and  fitting  up  new 
iron  nosing,  all  of  which  work  was  completed  by  September  22. 

The  most  excessive  heat  of  the  summer  having  passed,  and  not  anticipating  any  ftip- 
ther  danger  to  the  health  of  the  employ^,  I  shipped  again  the  full  crew  of  the  boat 
and  started  from  Vicksburg  on  the  24th  of  September  to  resume  operations  in.  Yazoo 
River. 

I  worked  again  up-stream,  and  the  stage  of  water  being  much  lower  than  during 
the  first  cruise,  1  was  enabled  to  remove  now  such  obstructions  as  I  had  to  pass  over 
during  the  first  trip  up  and  return. 

Operations  were  carrie<l  again  as  high  as  French  Bend  and  back  to  the  mouth  of 
Little  Sunflower  River,  untilthe  7th  day  of  November,  when  I  received  your  instruc- 
tions to  withdraw  the  snag-boat  from  Yazoo  River  and  proceed  with  her  to  your  head- 
quarters at  Memphis,  Tenn. 

The  obstructions  were  especially  prominent  in  the  following-named  localities :  From 
Collin*8  Bayou  to  the  moutn  of  Little  Sunflower  River,  notably  at  Brown's  Bar ;  Eldo- 
ra<lo  and  Belcher's  Bar ;  in  the  narrows  above  mouth  of  Bic  Sunflower ;  from  Liver- 
pool to  (VNeal's  Creek ;  Short.  Creek  Shoals :  Wolf  Lake  Landing  and  Tuscola ;  in  bend 
at  Lonsy  Level  and  above  Randall's  Landing ;  in  the  Ox  Bows ;  frt)m  Huntsfield  to 
Rosebank,  a  distance  of  10  miles,  including  Gold-dust  Bend,  £agle  Lake  Bend,  Ship's 
Bend,  to  the  head  of  Honey  Island ;  CaldwelPs  Point,  French  Bend ;  bend  above  Ers- 
kin's  Landing ;  Pleasant  View,  Pliilipston ;  also  a  great  number  of  dangerous  single 
obstructions  in  diff'erent  places. 

Work  throughout  was  very  heavy^  especially  in  the  upper  river  where  certain  logs 
and  snags  could  only  be  removed  with  the  aid  of  heavy  purchase-blocks  rigged  up  on 
shore.  Other  obstructions  like  the  cypress  stumps  at  Lousy  Level  and  at  Itandalrs  in 
the  Ox  Bows,  and  also  prominent  logs  half-way  buried  in  the  bottom  of  the  river, 
could  only  be  removed  with  the  aid  of  the  diving  apparatus  and  appliances  of  powder. 
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Wr^k  «^/€  -trjiik^rzi  e«.f^d^t  aboTe  tbe  ia>>€Lrh  cHf  Liiije  ^iuykr«^cr  Elver.  reow>T«d  en- 

l^fft'.oii.  oftl^  w7«*^:k  <'/f  §trf^^irrfT  PaoI  Pry.  so  mo'^h  of  it  »$  wj*  e«cfc*i«i*rrv«i  in  t^ 
WAT :  liMj^'x^iM:  porti«>n  '>f  ib^  wT»:<k  of  •ttraiD^'r  yr»:r?«5«j'iie  b^LoTT  ihtt  mtAizh  •>€  Piney 

?»f;^ft  fff  fttf^m^rV^ytfmfk  aVrr^  K<'"^]ni>*a  planr;»ri«?i. 

Tb^  nn  m?»^T  of  ^'yv^'Than^n^  rr^*-*  r-rit  d^'Wii  anK*fint«  to  5T«5L 

f>f**-rati'fTt«  ID  Yaz^i'^  KivirT  -hor:l#l  Vji*-  #-arTi^-»l  ^n  in  tLr  "^ame  fnanp^r  dTrrinz  rh^  next 
n^-tfc-x^n-  Whil*-  jrr»-a{  miprov#-it,#^riL*  rtav»-  b^^n  in;i<i«-.  mri«;h  ivccAiii:*  10  W  •i-'ii^r  yet, 
prifj'  jj/a!iy  rnrirrij;  leaning  tr*-«r?»^  and  *n'  h  tim'f>^r  r>n  tl«r  V«ank?  liabl*?  to  eavr  in.  in 
th**  firnr*^  fff  a  f^w  y^^rs. 

Xntttxi'z  th^  old  «t^^m^ffrAt  wir^^ti  «till  rpmarninffiii  the  Trr«?T.  I  fOtt«2«i<»T  »«  tb*'  vnrsl 
t^i^-  wr»-rk  of  tb^  Mary  E.  Kf^n*-.  Ijnng  ai  Th«r  frM»«  «:»f  Fn-nrh  B»*Txi:  tbi?  har  •►ppi>iit<>  the 
wn-'-k  w  advarj'irigr  v#-ry  far  ont.  itarrr^wia^  th**  ehann*-!  b»^nre«-n  it  and  the  wre^ 
«:'//fi.**irlfra>»l3'.  and  in^ikinjr  tb*"  i»a-isair*^  **f  N«t.*  «^*n  dark  nisht*  vf-ry  danir^n^ns. 

I  am  pl^-a.^-*!  to  «tat*>^  tb/«T  thf  [»arti»^  *-r.::a2»-d  in  the  navigatiim  of  Yaz».w>  River haTte 
frxprtrfmt^i  tb*^r  ^rnfire  AatL*fa/-ti<>n  with  tbt:  socce&iBfal  opentioiid  of  the  sna^-bcMU  O. 
G.  Waj^er  dnrinjc  ibe  pa^t  i*<ra<irm. 


»'  •  • 


Very  rewjiectfally,  your  obedient  servant, 

Jr<5Tix 
C<immamdimg  UmiUd  Slain  Sma^  homi  O.  G.  Wmfmer. 

Maj.  W.  H.  H.  BK!rrAt'RD, 

Captain  Corpt  of  Em^imeert,  U.  S.  A. 

Daring  the  coining  season  it  18  proposed  to  use  the  Wagner  in  con- 
tinuing  the  removal  of  all  obstructions  in  the  river. 
Tlie  amounts  appropriated  for  the  Yazoo  have  been  as  follows: 

By  art  afvpro^'frd  Mareh  3,  1>?73 $40, 000  00 

(TbiM  arnorint  waM  applie^l  to  the  removal  of  the  wre<-ks  of  the  steamers 
Areaflia,  R.  J.  Lackhind,  Golden  Age,  Glyde,  Petrel,  Ivy.  Van  Dorn. 
Polk,  and  Idaho,  mink  in  the  stream  daring  the  operations  of  the  war.) 

By  act  approve*!  March  3,  1p<75 12,000  00 

By  a^-t  approve<l  Angnst  14,  1<^6 15.000  00 

By  a<;t  approved  June  18,  l^S 25.000  00 

As  stated  iM^fore,  the  appropriations  are  not  sufficient  to  provide  an 
outfit  and  do  the  necessarv  work  at  the  same  time. 

Tlie  Wagner  being  the  only  light-draught  snag-boat  in  service,  she  has 
many  calls  ma^le  for  her  ser\ices  in  other  of  the  Southern  streams.  It  is 
therefore  impossible  for  her  to  do  ample  justice  to  alL  It  would  there- 
fore l>e  well  for  us  to  be  provided  with  one  other  such  boat,  and  I  would 
respectfully  recommend  that  it  be  provided  out  of  funds  hereafter  ap- 
propriated for  the  Yazoo. 

COMMERCIAL  STATISTICS. 

The  Yazoo  River  was  navigated  during  the  fiscal  year  by  the  steamers 
belonging  to  the  Mississippi  and  Yazoo  River  Packet  Company,  and 
during  a  few  of  the  winter  months  by  one  independent  steamer. 

Tlie  amount  of  freight  carried  during  the  year  is  as  follows: 

101,725  bales  cotton,  valued  at . |5,08B.250  00 

7,5(J0  tons  cotton-seed,  valued  at 90,000  00 

Hides  and  sundries,  valued  at 50,000  00 

Value  of  up-freight,  consisting  of  provisions,  supplies,  agricultural  im- 
plements, and  general  merchandise..... 2,500,000  00 

Total 7,726,250  00 

Yazoo  River  is  in  the  collection-district  of  Vickaburg,  Miss.    The  port  of  entry  is 
New  Orleans,  La.       ^ 
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Money  statement. 

July  1,  1877,  amount  available...^ $13,956  51 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$38,956  51 

July  1,  1878,  amount  expended  during  fiscal  year 13,799  68 

July  1,  1878,  amount  avaUable 25, 156  83 

Amount  (estimated)  required  for  completion  of  existing  project 68,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1880 .  50, 000  00 


L3. 

REMOVING  RAFT  IN  RED  RIVER  AND  CLOSING  TONERS  BAYOU,  LOUISIANA. 

Until  within  the  past  two  years,  the  improvements  made  under  the 
above  heads  were  separate,  but  they  are  now  continued  under  one  appro- 
priation and  allotments  made  from  each  as  the  nature  and  extent  of  the 
work  demanded. 

REMOVAL  OF  RAFT  IN  RED  RIVER,  LOUISIANA. 

At  the  commencement  of  the  fiscal  year  the  fiinds  on  hand  for  this 
work  and  Tone's  Bayou  amounted  to  only  $2,262.32.  At  this  time  the 
steamer  Florence  was  sunk  in  Cypress  Bayou,  whither  she  had  been  sent 
to  assist  in  raising  the  dredge-boat  belonging  to  that  work,  and  it  was 
proposed  to  reserv^e  the  above  amount  for  the  purpose  of  raising  the 
Florence^  and  repair  all  damages  and  to  take  care  of  the  large  quantity 
of  government  property,  consisting  of  steamers,  crane-boat,  &c.,  lying 
at  Shreveport. 

The  raft  region  about  this  time  became  blocked  with  drift,  and  after 
the  Florence  was  raised  I  was  directed  by  your  telegram  of  November 
10  to  expend  the  balance  of  the  apx)ropriation  available  to  the  removal 
of  the  jam,  and  to  submit  an  estimate  of  funds  required  to  keep  the  river 
open  for  the  remainder  of  the  season  and  to  take  care  of  the  pit)pert>\ 
Accordingly  the  Flm^ence  resumed  work,  and  removed  the  obstructions 
at  Gibner's,  raft  No.  1,  raft  No.  5,  at  Nitro-Glycerine  Camp,  and  at  Shady 
Grove,  leaving  the  river  entirely  clear. 

The  funds  l^ing  exliausted,  the  whole  fleet  was  laid  up  and  the  crew 
discharged,  the  captain  and  two  watchmen  remaining,  however,  to  take 
care  of  the  property,  though  without  compensation. 

On  the  7th  of  February",  1878,  an  appropriation  of  $6,000  wa«  made 
for  the  purpose  of  continuing  the  work,  and  operations  were  commenced 
and  continued  at  intervals,  according  to  the  necessity  existing,  until  the 
close  of  the  year.  The  funds  were  not  suflBcient  to  keep  the  entire  force 
the  whole  time,  the  boats  being  merely  taken  out  only  as  the  emergency 
existed.  At  all  other  times  they  were  laid  up  and  the  crews  discharged, 
keeping  only  sufficient  force  to  take  care  of  the  property  and  to  get  ready 
to  move  upon  short  notice. 

The  Florence  worked  during  the  half  of  the  month  of  March,  and  m 
May  and  June,  keeping  the  river  open  and  accomplishing  the  following 
amount  of  work : 

Removed  13  jams,  including  ports  of  old  raft  formation,  3,775  square  yards. 

Removed  21  shore-Jams. 

PnUed  20  snags. 

Cut  38  trees  on  caving  banks. 

Girdled  83  trees. 

Excavated  410  cubic  yards  of  sand  and  clay  from  Gilmer's  Tow-head. 
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Capt-  J.  S.  Tf-nnys^m  wa-s  in  ehar^  of  work  the  whole  tiflM*. 

Tlie  aj»propriatiou>  made  have  only  lieen  saflioient  to  keep  the  Florf^fe 
at  the  aUive  work  of  keeping  the  river  tree  froan  drift.  witlK«t  anrndin; 
to  the  removal  of  certain  ixirtion^  of  tbe  old  raft  j^ill  lemainiii^,  and 
whieh  wooki  greatly  benefit  the  navigatioii  of  the  upper  riT<^.  It  hid 
also  Ijeen  my  inteution.  if  ?mfiicieut  fiiii«L*  were  appn.»priated-  to  <-at  nff 
aU  the  tree?*  along  the  liank.s  a.*  far  np  ai?  we  couM  go,  thu.'S  leso^rnin^ 
the  aoKKUJt  of  timljer  likely  to  fall  into  the  river,  and  by  thi^  meaik^  k*- 
*«en  from  year  to  year  the  recurrence  of  ,)ains  and  the  bUx-kage  of  the 
river.  In  my  rejK>rt  for  the  fiscal  year  ending  June  3U,  1?>76, 1  e^timatiNl 
for  thi>  entire  work  ^I.jO.Ci^JO. 

Tlie  original  detailed  estimate  for  the  removal  of  the  raft  see  my  ^^ 
port  for  Iw-al  year  en<iing  Jane  30.  l-STO;  also  pre\io€L<  report.s  of  Cap- 
tain Howell )  wai$  ^2.>ll.014^  with  additional  items  for  keeping  c^ien  the 
channel  for  first  year.  i^'AKOiHK  and  for  sub?^^uent  years  it  was  estimated 
that  from  *10.0i>il  to  i?25.(XlO  wonld  be  required- 

The  amoontH  appmpriated  heretofore  are  a.8  follows : 

Bt  a^-t  ajij»rriv«-d  Jtim-  10.  1^2 , f l.V>.  «lriO  CO 

By  a'-t  aj»i«rr*v#^i  Man  h  3,  1-^3 .......       c«»-»«A*C» 

By  az-t  H\*\*Ti»\*^\  Jn:i*Si.  1*^4 . ......       r^*.  •■>»  'lO 

By  a^'t  ai«i»roved  MArrh  3,  1"C5 d'. iW  00 

By  a^'t  approved  AumL«>t  14,  I'^G,  {jt  removiii^  raft  and  closing  Toiks-'s 
'Bayou ; ».«iO  OO 

By  allotiii'-ut  Anjni'^t  27,  1^77.  for  closing  Tont-'s  Bayoa 4. -'Ai'  <A> 

By  a'-t  appHiVMl  Kebnjar\-  7.  1-C*,  for  n-iiiovin;i  raft 6,<««)  UO 

By  act  apprrived  Jane  i'?,  i"^-*,  for  removing  raft  and  closing  Tone's  BaToa.       24.  tW  OD 

CLOSIA'G  tone's  BAYOU,  LOUISIANA. 

Thi«  work  wa«  reifiimed  by  me  the  previoiLS  year  with  an  aDotment  of 
t25JHH)  from  the  combined  appropriation^  and  the  mattres^work  with 
which  it  wuH  proponed  to  close  the  bayou  carried  up  to  within  about  14 
feet  of  extreme  hi^-water  mark.  At  this  jioint  the  work  was  left,  the 
fondn  being  iuKufficient  to  completely  effect  the  object  in  Tiew.  The 
dam  withstood  well  the  succeeding  very  high  water  of  Red  River,  bnt, 
SkH  I  feareil,  a  portion  of  the  left  bank  caved  in,  leaving  a  gap  around 
that  end,  the  other  end  and  the  whole  dam  remaining  intact.  There  being 
no  funds  on  hand  available,  it  was  imi)ossible  to  do  anything  toward  re- 
l)airing  the  break. 

This  condition  of  affairs  being  rejwrted  to  the  department,  and  the 
urgent  necrcKsity  that  existed  for  immediate  action  being  known,  an  allot- 
ment of  $4,50^)  was  made  with  which  to  continue  the  work.  The  citizens 
of  New  Orleans,  and  others  interested  in  the  navigation  of  Re<l  River, 
also  subscril>e4l  ^3,(MM),  and  with  these  two  amounts  <rf  money  I  com- 
menced immediately  to  repair  all  damage. 

The  end  of  the  dam  was  secured,  and  work  carried  on  also  upon  the 
dam  proper,  which  was  raised  several  more  feet,  and  the  bank  below  was 
secured  from  scour. 

An  examination  of  the  dam,  made  some  two  weeks  ago,  reports  the 
work  in  good  condition,  the  flood  of  this  spring  having  as  yet  caused  w> 
damage. 

With  an  allotment  fitmi  the  appropriation  made  June  18, 1878,  it  i^ 
proposed  to  cany-  up  the  dam  to  its  ftill  height  (extreme  high-water^ 
mark),  and  to  cover  the  top  with  a  heavj'  layer  of  stone. 

It  is  absolutely  ne<essarj'  that  this  work  be  finished,  otlierwise,  a^^ 
stated  in  previous  reports  and  lettei-s,  the  low-water  navigation  of  Re*^ 
River  \%ill  be  eventually  ruined,  since  Tone's  Bayou  previous  to  th^^ 
commencement  of  our  work  was  enlarging  fix)m  year  to  year,  and  threat  ^ 
ene<l  at  no  great  length  of  time  to  eventually  absorb  aU  the  water 
Red  River  wh^n  at  its  lowest  stage. 
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The  report  of  Mr.  Joseph  Bumey  upon  the  work  carried  on  this  season 
with  the  allotment  of  $4,500,  and  with  the  funds  subscribed  by  the  citi- 
sens  of  New  Orieans,  is  given  below. 

United  Statks  Engineer  Office, 

Memphis,  Tewii,,  January  23,  1878. 

Major  :  I  have  the  honor  to  report  that  in  accordance  with  your  instructions  received 
n  September,  1877,  I  proceeded  to  Toners  Bayou,  Louisiana,  and  aasumed  charge  of 
Axe  work  of  closing  the  wash  around  the  east  end  of  Tone's  Bayou  Dam,  and  the 
further  strengthening  of  the  works,  and  respectfully  submit  the  foUowing  rex>ort  of 
>peratio]LS : 

Before  commencing  the  work,  I  made  a  careful  examination  of  Red  River  near  the 
mti'ance  to  the  bayou,  also  of  the  bayou  above  and  below  the  dam.  I  found  very 
ittle  change  in  the  sand-bar  in  Red  River,  which  was  forcing  the  water  do\\'n  the 
3ayou,  nor  had  Red  River  below  the  bayi»u  scoured  out  much.  The  mouth  of  Tone's 
Bayou,  which  was  steadily  enlarging  before  the  dam  was  constructed,  had  ceased,  and 
Torn  soundings  taken  across  the  mouth  showed  a  very  large  deposit. 

Before  commencing  upon  the  dam  in  1876,  the  soundings  ranged  from  20  to  26  feet, 
A'hile  the  soundings  taken  in  September,  1877,  showed  the  greatest  depth  to  be  12  feet, 
uid  that  only  in  one  place.  The  other  soundings  showed  S,  9,  10,  and  11  feet,  and  in 
)ne  place  only  6  feet,  thus  showing  that  the  bayou  was  accommodating  itself  to  the 
preatly  decreased  discharge  of  water  caused  by  the  dam.  The  soundings  down  the 
jayou,  after  passing  the  new  bar,  did  not  show  much  change,  while  the  banks  before, 
nrliich  had  been  steadily  caving,  had  entirely  ceased,  and  in  many  instances  haa 
dightly  silted  up,  on  which  had  spning  up  a  young  growth  of  cottonwoods.  Sound- 
ngs  900  feet  above  the  dam  showed  greatest  depth  to  be  20  feet ;  800  feet  above,  21 
•eet ;  700  feet,  22  feet ;  600  feet^  23  feet ;  500  feet,  23  feet ;  400  feet,  28  feet ;  300  feet, 
!6  feet ;  200  feet,  27  feet ;  100  feet,  26  feet.  Deepest  water  on  crest  of  dam,  6  feet ; 
east  de])th,  2  feet. 

The  dam  on  west  bank  was  in  good  condition,  showing  no  danger  of  a  wash  around, 
he  sand  having  filled  up  both  above  and  below.  On  the  center  of  the  dam  a  portion 
ia<l  been  carried  away  by  heavy  drift,  and  on  the  east  bank  a  wash  around  had  been 
nade  60  feet  wide  and  8  feet  deep.  This  bank  is  composed  to  a  great  extent  of  yeUow 
land,  which  readily  scours  out  if  not  thoroughly  protected. 

Below  the  dam  very  great  changes  had  occurred.  On  the  east  bank  it  had  caved 
V>r  a  length  of  700  feet,  and  extended  back  in  some  places  130  feet,  carr>'ing  away  over 
[|  acres  of  land.  On  the  west  bank  it  had  caved  for  a  length  of  500  feet  and  extended 
>ack  200  feet,  carrying  away  three^q^uarters  of  an  acre,  while  the  soundings  below  the 
lam  showed  a  very  heavy  scour. 

Before  the  dam  was  constructed  the  soundings  were  from  24  to  26  feet,  while  the 
M>undings  taken  at  the  time  of  examination,  100  feet  below  the  dam,  were  41  feet ;  200 
eet  below,  45  feet;  m)  feet  below,  40  feet ;  400  feet,  49  feet;  500  feet,  36  feet;  600  feet, 
J2  feet ;  700  feet,  17  feet ;  800  feet,  17  feet. 

In  September  you  visited  the  works  and  gave  instructions  respecting  the  same, 
vhich  I  at  once  began  to  execute.  The  steam-tug  Gussie  and  several  flat-boats  were 
•bartered  and  a  working  party  sent  10  miles  above  Shreveport  to  obtain  willows, 
which  had  to  be  carried  to  the  dam  a  distance  of  35  miles.  Another  working  party 
commenced  work  at  the  dam.  The  old  mattress-ways  were  repaired,  and  we  com- 
nenced  the  constniction  of  mattresses  in  the  same  manner  as  describeu  in  my  last  re- 
)ort,  but  not  of  such  large  dimensions,  being  25  feet  by  25  feet  by  3  feet.  Eight  of 
hese  were  run  into  and  sunk  in  the  chute.  Upon  the  foundation  thus  obtained  we 
'omnienced  building  mattress-work,  and  by  the  end  of  September,  1877,  the  dam  was 
losed  above  low-water,  closing  up  450  square  feet  of  water-area.  You  again  visited 
he  works,  and  saw  the  necessity  of  protecting  the  ends  of  the  dam  above  low-water, 
►r  the  bank  would  readily  cut  out  the  next  high-water  season. 

Work  was  continued  in  carrying  up  each  side  of  the  dam  and  the  center  closed  in  to 
10  fe^t.  This  has  an  average  depth  of  4  feet,  giving  area  of  discharge  320  feet.  Before 
he  dam  was  constructed  the  area  of  discharge  was  3,100  square  feet. 

Before  finishing  the  work  the  water  began  to  nse  rapidly,  bringing  down  from  the 
ipper  river  great  quantities  of  heavy  drift-logs,  and  but  for  the  opening  in  the  center 
u  the  dam,  which  gave  them  a  free  outlet,  would  have  seriously  iiy ured  the  work. 

I  found  that  sand-bags  used  above  low-water  were  of  little  or  no  use  for  ballast,  as 
n  a  verj'  short  time  they  rotted,  and  the  water  easily  can*ie<l  ofl:  the  material  with 
which  they  were  filleil.  According  to  your  instructions,  I  endeavored  to  obtain  stone, 
mt  found  it  could  only  be  had  above  Shreveport,  and  then  only  during  high-water. 
^e  tried  rough  boxes  and  barrels  filled  with  clay.  This  was  found  much  better  than 
Aud-bags,  but  I  believe  not  sufficient  to  stand  the  heavy  drift-logs ;  and  I  think  some 
»f  the  upper  works  will  be  damaged  for  want  of.  a  good  covering  of  heavy  stone 
>al]ast. 

Work  was  Buspended  November  7,  1877, 
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Mi;   W   H.  H-  HrvT%'  pr». 

^o^Vi«*  f,orj^  of  A*y»*^^rf.    r^.  5.  -I. 
7"?>'  A^-"*'.*-  '■'^yTk*  %r-  mig^jM  m  tL»f:  iLind  coIItieti»:'a-«'ii*tnrt  erf"  T ^«>^- *-^ 

7  *?*-  r.»*-sif»-^  ip'^t  r/f  #^jTr;-  I.*  NVw  «^i*-aiiit*w  La.,  of  whirh  tifcc  ii'-Iicwir^  «3;&2i99ios  for 
t!j*-  J;--'^i  ;.*rar  ^iAii$z  J'lii*-  r^'.  l-r^T,  are  jri^en: 

T^/*a!  vain^  '/f  \zi.\tffrm *11. 1-in.  ni*  w 

-  ■  > 

T"*J»1  viln*- ^if  •-TT»'Tr«.  d'»fT>*-«»-rir..  . ..  .     ?r5.  41«».  tM  •'^ 

T«>t^i  vai:j^ '/f  *rii^/rt*,  ff*T^i'^ ..  ..  :il?, -ITS  i* 

T*ttn\  amonnt  r/f  re vfain**  «y»]]*-ctM  on  import*....,. 1.47a.  It**  X 

Tlie  following  are  the  c^>minereial  statistics  of  R^  River  to  June  30, 

I5al*-  r/f  f  otu»n 19X  »"rt^ 

H*-;*<1  of  *aTrl#> :2:;.i:it) 

ha#  k*»  of  «otfori-«#^l lt^>.  lO» 

K'j^  k«*  of  rott'iii-w-*'*!.  f-akf,  and  HK-al . ^, <•■> 

liant'ln  of  tOtUtU-nftrti  oil........ .......................  5. 5t*> 

To  thi«  n\umh\  )f*'  a«l<l#'«l  tlK*  trniijqKtrtation  of  a  larj:**  amoant  of  freight  np  the  river, 
fttuni*tiuii^  tfif  in^^fliaiKliA*'.  M\\t]>\it-!^.  farm  im]»I**meut.s.  &c.,  ez^iinatcd  to  be  one-fofirth 
more  tiiau  the  value  of  cotton  whirli  n^a^-he^  Shreveport. 

Money  statement. 

July  1,  1K77,  amorint  available |2,2fi2  3S 

Attumut  allott«^l  for  Tone***  Bayou,  Antrn.xt  '27,  1^77 4, 5liO  00 

Amount  appropnat^l  by  a^rt  appro^wi  February-  7,  lr?78..«»...     6,000  00 

Amouut  apprr>priated  bv  act  approved  Juue  In^  Irfifi 24,000  t)0 

$36,768 

July  I,  W^,  amount  exiK-ndf  d  daring  fiscal  year  J  ^n  W^  bJ^u4;  8^  06  J    ^^'  ^^^ 


July  1,  1W8,  amount  available 26,445 


Amount  (^«*«timate<i)  rer|nire*l  for  completion  of  existing  project  for  raft-work.  130, 900 
Amount  that  can  t>e  protitably  exi>ended  in  fiiical  year  ending  June  30,  Id^.     50, 000 
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L  4. 
IMPROVEMENT  OF  CYPRESS  BAYOU,  TEXAS. 

Operations  upon  this  work  have  heretofore  been  confined  to  the  im- 
pro\ing  of  Cypress  Bayou  proper  by  dredging  and  straightening  the 
channel  by  means  of  several  cut-offs  and  by  removing  obstiiictions  from 
the  channel.  The  dredge-boat  with  which  the  work  was  done  in  former 
seasons  sunk  in  the  bayou  the  previous  winter,  so  that  no  work  was 
carried  on  upon  the  improving  of  the  channel  during  the  past  fiscal 
year. 

The  appropriation  was  used  in  raising  the  old  and  building  a  new 
dredge.  This  work  was  carried  on  at  a  point  on  the  bayou  about  5  miles 
below  Jefferson,  under  the  supervision,  first,  of  Mr.  Joseph  Burney,  and 
afterward  of  Mr.  M.  Lydon,  and  the  dredge  was  successfully  launched 
in  October,  1877. 

The  workmanship  reflects  great  credit  upon  the  workmen  engaged, 
for  tlie  manner  in  which  it  was  conducted,  especially  under  the  circum- 
stances, being  in  the  woods  and  without  the  usual  facilities  of  a  ship- 
yard, and  during  a  heated  term  which  caused  a  great  deal  of  sickness 
among  the  men. 

After  the  hidl  was  placed  in  the  water,  the  engine  and  boUer  and 
other  machinery  were  placed  in  position.  The  funds  being  nearly  ex- 
hausted work  was  suspended  in  November,  1877,  and  the  property  left 
in  charge  of  a  watchman. 

With  the  amount  appropriated  June  18, 1878,  it  is  proposed  to  finish 
putting  up  the  other  machinery  of  the  dredge  and  build  a  new  cabin  ; 
the  cost  of  this  work  will  be  aix)ut  $3,000.  The  balance  of  the  appro- 
priation will  be  applied  to  the  work  of  improvement.  This  will  consist 
in  widening  the  three  channels  akeady  dug,  and  to  dredge  another  chan- 
nel from  the  bayou  into  the  head  of  the  lake,  thus  giving  good  navigation 
from  Jefferson  to  the  lakes  below. 

In  my  rejwrt  of  last  year  I  estimated  that  it  would  take  $20,000  to  fin- 
ish the  dredging  and  straightening  the  channel.  The  new  hull  of  the 
dredge  cost  more  than  I  had  originally  thought  it  would,  owing  to  the 
difficult  condition  in  which  we  had  to  carry  on  work,  and  in  addition  the 
amount  of  the  appropriation  not  being  up  to  the  estimate,  a  certain 
amount  has  always  to  be  reserved  for  the  care  of  property,  &c.  I  deem 
it  necessary  also  to  carry  out  the  dredging  through  Fairy  Lake  and 
make  the  connection  through  to  Sodo  Lake.  .For  this  work  I  estimate 
$20,000. 

The  former  appropriations  are  as  follows : 

Bv  act  approved  Jirae  10,  1872 $10,000  00 

By  act  approved  March  3,  1873 50,000  00 

By  act  approved  August  14,  1876 13,000  00 

By  act  approved  Juuo  18,  1878 15,000  00 

For  collection  district  and  port  of  entry  see  report  on  removal  of  raft 
in  Bed  Eiver  and  closing  Tone's  Bayou,  La. 

COMMEBCIAI.  STATISTICS. 

The  city  of  Jefferson  stands  at  the  head  of  na^igation,  and  is  the  prin- 
cipal distributing  point  for  Eastern  Texas.  The  city  contains  about 
5,000  inhabitants,  a  court-house,  market-house,  and  two  banks,  haA-ing 
St  paid-up  capital  of  over  $250,000. 

When  the  bayou  is  oi)en  for  navigation,  which  generally  extends  over 
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6  months,  2  steamboats  i)er  week  arrive  from  Xew  Orleans,  and  during 
the  season  2  or  3  from  Saint  Louis. 

The  cotton  receipts  at  Jefferson  for  the  year  ending  August  31, 1877, 
was  45,000  bales.  Of  this,  31,000  were  forwarded  to  market  by  steam- 
boats, and  14,000  by  railroad. 

Amount  of  sales  during  12  months: 

Groceries  and  produce $680,000  00 

Dry  goods,.. :^»,aOOO0 

Hardware 12U,(iOO  00 

Groceries  and  dry  goods, mixed •.- .......  760, 0(K)  00 

Drugs,  clothing/&c 26^,000  00 

Machinery,  wagons,  &c 250,0(X>  00 

Total 2,420,000  00 

Money  state^nenU 

July  1,  1877,  amount  available $9,900  73 

Amount  appropriated  by  act  approved  June  18,  1878 15,000  00 

$24,900  73 

July  1,  1878,  amount  expended  during  fiscal  year 9,654  33 

July  1,  1878,  amount  available 15,046  41 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     20, 000  00 


L5. 

REMOVING   SNAGS   AND   OTHER   OBSTRUCTIONS   FROM  RED   RIVER, 

LOUISIANA. 

No  work  has  been  done  on  the  lower  part  of  this  river  by  the  govern- 
ment with  a  view  to  make  it  sueh  a  navigable  stream  as  the  great  com- 
mercial interests  at  stake  would  warrant.  Above  Shrevei)ort  the  opera- 
tions of  removing  the  raft  have  tended  toward  keeping  that  section  of 
the  river  in  a  go<^  iiaAigable  condition;  below  Shrevei>ort  nothing  what- 
ever has  been  done  in  the  way  of  improAement,  and  the  river  is  ftiU  of 
snags,  wrecks,  and  sunken  logs,  (the  remains  of  the  old  raft),  and  the 
low-water  channel  is  greatly  endangered  by  overhanging  trees. 

Below  I  give  a  list  of  obstructions  that  will  give  some  idea  of  the 
amount  of  work  that  will  be  required  upon  the  river,  and  in  mldition 
the  low- water  navigation  at  many  of  the  shoal  places  could  be  greatly 
improved  by  building  single  and  comparatively  inexi>en8ive  wing-danis. 

By  act  approved  June  18,  1878,  the  sum  of  $25,000  was  appropriated 
for  snagging  puri)oses.  This  amount  is  sufficient  for  this  season's  work, 
but  opei-ations  will  have  to  be  continuous  for  several  years,  and  I  esti- 
mate that  it  will  take  $175,000  (including  cost  of  steamer)  to  effect  the 
object  in  Aiew. 

I  have  made  arrangements  to  send  the  snag-boat  Wagner  into  the 
river  for  a  short  season  and  remove  the  most  dangerous  obstiiictions. 

LIST  OF  OBSTRUCTIONS  TO  LOW-WATER    NAVIGATION    IN  RED  RIVEB 
FROM  SHREVEPORT3  LOUISIANA,  TO  ITS  MOUTH. 

From  Shreveport  to  Comhattu^  a  distance  of  140  miles,  there  are  32 
wrecks  of  steamboats,  21  of  which  are  more  or  less  in  the  way  of  navi- 
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gation.  The  banks  show  very  many  projecting  logs,  and  there  are  also 
a  large  numbexof  bad  log-piles  and  snags  in  the  river.  There  are  many 
hanging  trees  and  slides  from  the  banks ;  in  fact,  nearly  the  whole  dis- 
tance has  obstructions  to  low- water  navigation  and  needs  improvement. 

From  Coushatta  to  Campte^  a  distance  of  40  miles,  there  are  the  wrecks 
of  the  Illinois  Belle,  Selma,  Travis  Wright,  and  Dixie;  log-piles  at 
Jones's,  Brownsville,  Shortway,  and  Dixie  Beach,  as  well  as  snags  and 
stumps  at  other  x)oints. 

From  Campte  to  Grand  Ecore^  a  distance  of  20  miles,  there  are  the 
wrecks  of  steamers  Gladiola  and  Glide ;  also  a  barge  of  machinery,  all 
in  the  middle  of  the  river  at  different  points.  There  also  some  very  bad 
snags,  log-piles,  and  stumps. 

l^om  Chrand  Ecore  to  Upper  FallSj  a  distance  of  100  miles,  there  are 
the  following  obstructions:  Stumps  in  Opossum  Foot  Beach:  clay  lump 
below  Avoca  plantation;  logs  above  Ulster  wood-yard;  clay  lump  oppo- 
site Fairmount  plantation;  at  Deloache's  Bocks  in  middle  of  riva: ;  clay 
lump  below  Bismarck  Landing;  wreck,  lump,  stumps,  and  logs  in  Mira- 
beau  Beach ;  snags  and  logs  below  and  above  Colfax ;  lumps  near  Eureka 
Landing ;  logs  near  Ovid  Saint  Andre's ;  stumps  and  logs  below  and  above 
Durand's  Landing ;  very  bad  log-piles  below  and  above  High  Die  Landing ; 
snags  and  logs  below  Faveron's  Landing ;  very  bad  logs  and  some  snags 
at  O.  K.  Bar,  regarded  as  a  bad  place.  At  Prud  Uhomme's  Lower  and 
Upi)er  Bends  and  vicinity  navigation  is  extremely  dangerous  and  diffi- 
cult on  account  of  the  wrecks  of  steamers  Glasgow  and  Monsoon  being 
in  the  middle  of  the  river ;  it  is  also  very  loggy  and  stumpy.  Above 
and  below  Saint  Maurice  cut-off  there  are  some  very  bad  log  piles  and 
snags ;  logs  and  snags  above  Cammack's  plantation.  At  Tucker's  Beach 
there  are  several  crossings,  logs,  snags,  and  wreck  of  steamer  Homer. 
Navigation  is  more  difficult  here  from  being  a  shoal  place  in  the  river. 
There  is  also  a  very  bad  log  pile  opi>08ite  Butler's  Landing. 

Alea^andriaj  Upper  and  Lower  Falls. — The  river  is  very  shoal  and 
current  verj'  rapid,  with  crooked  channels.  There  are  two  steamboat 
shafts  on  the  Upper  Falls,  which  ai*e  very  much  in  the  way  and  have 
caused  injury  to  several  boats. 

From  Alexandria  to  mouth  of  Bed  River^  160  miles. — ^There  are  snags 
and  logs  near  Negro  Point,  Barbin's  Landing,  Snaggy  Point,  Mrs.  Fer- 
guson's, Mrs.  Vaughan's,  Kanomie,  and  Grand  Bend.  There  is  also  a 
raft,  an  obstruction  dating  fix)m  the  recent  civil  war,  which  is  very  bad 
and  dangerous,  and  there  are  other  points  in  its  immediate  vicinity 
which  could  be  greatly  improved  by  the  removal  of  stumps  and  logs. 
At  Bapian's  and  Grand  Point  clay  lumps  have  formed  in  the  middle  of 
the  river  by  slides  from  the  banks,  and  there  are  also  many  dangerous 
stumps  in  the  way.    This  place  needs  attention  very  bailly. 

For  commercial  statistics  see  rei)ort  for  removing  raft  in  Bed  Biver 
and  closing  Tone's  Bayou,  La. 

Money  statement 

Amount  appropriated  by  act  approved  June  18, 1878 125, 000  00 

July  1,  1878,  amount  available 25,000  00 

Amouut  (estimated)  required  for  completion  of  existing  project 150,  000  00 

Amount  that  can  be  iirotitably  expended  in  fiscal  year  ending  June  30, 1880 . .  75, 000  00 
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L  6. 

IMPROVEMENT  OF  THE  MOUTH  OF  RED  RIVER,  IXXJISIAKA. 

The  work  to  be  inaagnratod  for  this  improvement  will  have  for  its  ob- 
ject the  keeping  open  of  a  navigable  channel  between  the  Red  River  and 
the  ^liissi-ssippi,  and  between  the  latter  and  the  Atcha&daya. 

At  the  present  time  the  condition  of  afi'aiis  is  sach  that  at  low-water 
it  is  extremely  dlfficnlt  for  steamers  to  enter  or  leave  the  month  of  the 
river.    In  fiact,  in  December,  1876,  a  number  of  steamers,  comprising 
three-fourths  of  those  plying  in  Red  River  and  its  tributaries,  were  de- 
tained unable  to  make  the  i)assage.    This  gradual  closing  or  the  river 
has  been  going  on  ever  since  18;31,  when  Captain  Shreve  made  his  cut- 
off, and  now  the  complete  separation  of  Red  River  and  its  tributaries, 
and  also  the  Atchafalaya  from  the  Mississippi,  is  threatened.    It  is  only 
a  question  of  time  when  it  will  l>e  an  accomplisheil  fact.    At  the  pre^nt 
time  at  low- water  the  upper  channel  around  Tumbull's  Island  is  closed, 
and  the  oidy  remaining  connection  is  by  way  of  Lower  Old  River,  and 
in  this  latter  channel  the  greatest  obstruction  is  at  a  place  caUed  "  The 
Gut."    By  reference  to  the  map  transmitted  to  the  department  with  my 
letter  of  April  13,  last,  a  better  understanding  of  the  condition  of  af- 
fiairs  at  the  mouth  of  the  river  can  be  had.    The  government  has  ue\& 
made  any  survey  of  the  locality,  and  the  data  obtained  upon  which  I 
based  the  estimates  heretofore  submitted  was  from  a  personal  examina- 
tion made  in  August  last,  and  from  information  and  reports  obtained 
frt)m  the  board  of  State  engineers  of  Louisiana. 

At  the  time  my  examination  was  made,  the  soundings  made  in  Lower 
Old  River,  in  the  vicinity  of  the  Atcha£Eilaya,  show  how  great  the  differ- 
ence is  in  the  depth  in  so  short  a  distance.  At  the  same  time  the  Ateha- 
falaya  itself  is  deei)ening  very  greatl}^,  and  as  it  enlarges,  the  bar  oppo- 
site gradually  extends,  and  threatens  soon  a  condition  of  affairs  such 
that  at  low-water  the  volume  of  Red  River  will  be  entirely  absorbed. 
The  '*  Guf  is  near  the  place  where  tlie  greatest  difficulty  is  experienced 
at  low- water.  A  reference  to  the  sketch  above  referred  to  will  show  the 
depth  of  water  through  that  passage  on  the  20th  of  August  last.  Now, 
on  that  day  the  gauge  at  Red  River  Landing  read  12.05  above  low-water. 
Had  the  river  been  at  its  lowest  stage  it  is  presumed  "  The  Gut "  would 
have  been  dry  and  a  complete  sei>aration  of  the  river  would  have  oc- 
curred. 

For  a  temporary  measure  of  relief,  the  plan  as  pursued  by.  the  State 
engineers  of  Louisiana  last  year  was,  by  the  aid  of  a  couple  of  tugs  and 
a  steamer  lashed  together,  to  stir  up  the  mud,  and  thus  cut  a  channel 
through  "  The  Gut"  wide  enough  for  two  boats  to  pass.  As  a  tempo- 
rary measure  it  succeeded  veiy^  well,  and  will  again  be  attempted  should 
circiunstances  require. 

The  i>ermanent  plan  as  recommended  is  to  build  a  dam  across  the 
channel  between  the  head  of  the  Atchafalaya  and  the  head  of  Tumbull's 
Island,  thus  turning  the  water  of  Red  River  through  the  upjier  channel 
into  the  Mississippi,  while  at  the  same  time  a  connection  between  the 
Mississippi  and  the  Atchafalaya  can  be  made  through  Lower  Old  River. 

The  estimate  I  presented  for  this  work  was  $300,000,  based  upon  my 
own  examination  and  ui>on  data  obtained  from  the  board  of  State 
engineers  of  Louisiana.  ]S^ow  that  tunds  are  available  for  the  work,  I 
propose  immediately  to  have  an  examination  of  the  entire  locality  made 
(as  some  changes  have  undoubtedly  taken  place),  with  a  view  of  obtain- 
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ing  all  possible  data,  when  a  full  plan  with  detailed  estimates  can  be 
presented,  and  the  method  of  carrying  on  the  work,  whether  by  hired 
labor  or  by  contract,  can  then  be  fully  determined  upon.  In  the  mean 
time,  even  before  the  work  is  fully  inaugurated,  it  might  be  necessary,  as 
a  temporary  means  of  relief,  to  resort  to  the  dredging  out  of  the  chan- 
nel, the  same  as  heretofore  carried  out  by  the  State  engineers. 

Money  statement 

Amount  appropriated  hv  act  approved  June  18, 1878 $150, 000  00 

July  1,1878,  amount  available..... 150,000  00 

Amount  (estimatcjd)  required  for  completion  of  existing  project 150, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     150, 000  00 


L7. 

IMPROVEMENT  OF  THE  HARBOR  AND  OF  MISSISSIPPI  RIVER,  AT  MEM- 
PHIS, TENNESSEE. 

In  January,  1877, 1  made  a  survey  of  the  Mississippi  Eiver  and  harbor 
of  Memphis,  with  a  ^iew  of  determining  the  best  means  to  protect  the 
wharf  and  landing  fix)m  destruction  from  the  erosion  of  the  Mississippi 
River,  and  in  February  I  presented  my  report,  with  plan  and  estimates, 
to  effect  the  object  in  view ;  this  plan  being  to  protect  the  caving  bank 
from  about  10  feet  above  low  water  to  the  maximum  depth  with  a  cover- 
ing of  brush  formed  into  proper  shapes  and  loaded  with  stone.  -The 
average  width  of  this  covering  will  be  about  175  feet,  and  the  length  of 
shore  to  be  protected  about  7,600  feet.  This  project  having  been  approved, 
I  propose  to  commence  operations  so  soon  as  the  stage  of  water  will 
permit.  Some  few  additional  examinations  will  be  made,  as  since  the 
data  of  the  survey,  upon  which  the  plan  was  based,  some  changes  have 
taken  place  along  the  entire  front  of  the  city.  Brush  can  be  obtained 
in  quantities  in  the  immediate  vicinity  and  stone  can  be  had  from  North 
Alabama.  The  total  estimated  cost  of  this  improvement  was  $170,000, 
of  which  amount  $46,000  was  appropriated  by  act  approved  June  18, 
1878,  and  with  this  it  is  proposed  to  commence  at  the  mouth  of  Wolf 
Eiver,  and  work  down  stream,  as  this  portion  of  the  front  is  the  part 
really  needing  the  first  protection,  and  work  will  be  continuous  to  the 
extent  of  the  funds  avaUable. 

If  ftitnre  appropriations  be  made,  the  whole  city  front  will  be  pro- 
tected in  like  manner. 

Money  statement. 

Amonnt  appropriated  by  act  approved  June  18,  1878 |M6, 000  00 

July  1,  1878,  amount  available 46,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 124, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  124, 000  00 


L8. 

IMPROVEMENT  OF  THE  HARBOR  AND  MISSISSIPPI  RIVER  AT  VICKSBURG, 

MISSISSIPPI. 

The  Board  of  Engineers  constituted  by  Special  Order  No.  141,  A.  G. 
0.,  Washington,  D.  C,  June  28, 1877,  took  under  consideration  the  sub- 


638  REPORT  OP  TllE  CmEP  OP  ENGIKBERS. 

ject  of  the  pre«enratioTi  of  the  harbor  of  Vicksbiirg,  and  rendered  a  re- 
IK>rt  upon  the  same  with  plan  and  estimates  for  the  work.  This  report 
will  be  found  in  Senate  Ex.  Doc.  Xo  55,  Forty-fifth  CongresR. 

The  Board  recommended  that  work  for  the  protection  of  the  hartwr 
should  be  carried  on  in  the  following  order : 

1.  Protection  of  the  Delta  Point,  estimated  cost $5^,000  00 

2.  Con«tniction  of  bar  dike,  es^timated  cost 90,100  00 

3.  Dred^ng  inner  harbor,  estimated  cost 80.000  00 

Total  estimated  cost 254,100  00 

In  acconlance  therewith  it  is  proi>osed  to  carry  on  the  work  in  the 
al>ove  order ;  the  idea  being,  in  the  protection  of  the  Delta  Pointy  to 
hold  the  deep  water  where  it  is  now,  as  the  continued  caving  of  the  point 
carries  the  whole  river  down  stream  and  farther  from  the  city  landing. 

The  plan  of  protection  is  to  cover  the  shore  above  the  Delta  Point  with 
brush  mattresses  loaded  with  stone,  this  covering  to  extend  from  low- 
water  mark  out  150  feet  along  the  bottom. 

Before  proceeding  with  the  work  it  is  proposed  to  make  an  examina- 
tion of  the  harl)or  to  determine  what  changes,  if  any,  have  taken  place 
since  the  sun  ey  upon  which  the  Board  based  their  plan  and  estimates. 

Money  statement. 

Amount  appropriated  by  act  approved  Jane  18,  1878 -.  $84, 000  00 

July  1,  \f<4f<,  amonnt  available 84,000  00 

Amount  (estimated)  recinired  for  completion  of  existing  project 170, 100  00 

Amount  that  can  be  prohtably  exijended  in  fiscal  year  ending  June  30, 1880.  90, 000  00 


BEPOBT  OF  BOARD  OF  ENGINEEBS. 

Saint  Louis,  Mo.,  January  22, 1878. 

General:  The  Board  of  Engineers  constituted  by  paragraph  6, 
Special  Orders  No.  141,  from  Headquarters  of  the  Army,  Adjutau^Gren- 
eral's  Office,  dated  Washington,  D.  C,  June  28,  1877,  to  examine  and 
report  upon  the  most  advisable  means  of  preserving  the  water-front  of 
Vicksburg,  and  of  arresting  the  danger  which  appears  to  be  appre- 
heude<l  from  the  cut-oflf  opi>osite  that  citj,  having  tMsen  reconvened  by 
its  president,  met  in  Saint  Louis  on  January  14,  1878. 

In  the  report  of  the  Board,  dated  July  20,  1877,  it  was  stated  that  the 
facts  then  in  their  possession  were  not  sufficiently  comprehensive  to 
enable  them  to  submit  either  a  definite  plan  or  estimate  for  accomplish- 
ing the  object  proposed  for  their  consideration.  In  view  of  this  fact,  a 
committee  of  citizens  of  the  city  of  Vicksburg  undertook  to  have  such 
suneys  made  as  the  Board  deemed  necessary  for  a  ftiU  understanding 
of  the  subject.  These  surveys  are  made  during  the  course  of  the  past 
season,  and  the  results  obtained  with  the  necessary  maps  and  profiles 
have  been  placed  at  the  disjwsal  of  the  Board.  We  are  therefore 
enabled  to  submit  a  final  report  upon  the  subject. 

A  preliminary  report  of  the  Board  sets  forth  the  condition  of  aflfairs 
at  Vicksburg  at  the  date  of  their  visit.  Since  that  time  the  recession 
of  the  Delta  Point  has  been  steadily  progressing  as  well  as  the  caving 
of  the  Mississippi  bank  below  Vicksburg.  The  erosion  at  the  x)oint  has 
been  at  the  rate  of  300  feet  a  month  during  the  flood  stages,  and  will 
probably  average  over  100  feet  per  month  throughout  the  year.  The  dry 
bar  below  the  point  moves  down  with  it,  and  has  already  extended  past 
the  landing  at  Delta. 

The  filling  up  of  the  harbor  of  Vicksburg  has  progressed  rapidly,  and 
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although  the  extreme  stage  of  low  water  was  not  reaehed,  the  soundings 
taken  about  the  middle  of  August,  1877,  showed  that  at  low  water  the 
bottom  of  the  river  would  be  dry  as  far  up  a«  Crawford  street,  between 
the  elevator  and  wharf-boat.  This  filling  in  has  been  going  on  ever 
since,  so  that  the  situation  of  affiairs  is  really  much  worse  than  is  shown 
by  the  maps.  It  appears  from  the  soundings  and  from  float  observa- 
tions, that  a  considerable  quantity  of  water  thrown  off  from  the  main 
body  of  the  stream  follows  approximately  the  direction  of  the  shore-line 
above  the  Delta  Point,  and  striking  the  Vicksburg  shore  obliquely  is 
deflected  upstream  as  an  eddy  current,  having  along  the  city  front  a 
velocity  of  about  a  mile  an  hour.  The  water  thus  entering  the  lower 
end  of  the  harbor  flows  around  De  Soto  Island  and  out  at  the  upper  end 
of  the  lake.  The  action  of  this  eddy  current  ha«  been  to  cause  an  im- 
mense deposit  of  mud  in  the  harbor  itself,  and  also  on  the  line  of  an 
ideal  prolongation  of  De  Soto  Island  toward  Ryan's  saw-mill.  The  west 
end  of  the  old  bed  has  not  been  appreciably  silted  up,  all  the  deposits 
having  ai)parently  taken  plac«  in  the  portion  nearest  Vicksburg. 

It  api>ears  from  these  facts  that  if  at  the  time  of  the  cut-off  the  Delta 
Point  had  been  held,  this  mud-carrjing  current  would  have  passed  up  to 
tlie  west  of  De  Soto  Island,  and  that  channel  would  have  been  silted  ui) 
and  closed,  as  is  usually  the  case  with  these  cut-off  lakes. 

The  harbor  in  that  case  would  probably  have  remained  an  open  lake, 
having  a  narrow  passage  to  the  river  at  its  lower  end ;  but  this  passage 
could  probably  have  been  enlarged  and  kept  open  by  a  moderate  amount 
of  dredging  annually.  As  the  case  actually  stood,  however,  the  Delta 
Point  was  unprotected,  and  receded  rapidly  under  the  action  of  the  cur- 
rentj,  so  that  the  water  thrown  off  from  the  main  body  in  the  direction 
of  the  old  channel,  instead  of  being  deflected  by  the  island  into  the 
west  arm  of  the  laKC,  was  allowed  to  strike  the  Vicksburg  shore  and  to 
be  by  that  means  directed  into  the  east  arm  of  the  lake  or  harbor  proper. 

Even  if  the  Delta  Point  were  held,  this  depositing  action  would  con- 
tinue until  the  bar  reached  the  surface  of  the  water  and  formed  a  new 
shore-line.  After  this  was  the  case  the  upper  or  west  arm  of  the  lake 
would  receive  the  deposit  and  woiUd  soon  till  up.  The  continued  caving 
of  the  Delta  Point  carries  the  whole  river  downstream,  and  farther 
from  the  city  landing,  and  should  be  at  once  checked,  no  matter  what 
the  subsequent  plan  of  imx)rovement  may  be,  for  a  continuance  of  this 
action  will  greatly  increase  the  ultimate  cost  of  any  plan  of  clearing  the 
entrance  to  the  harbor. 

The  Board  are  of  the  opinion  that  this  protection  should  cover  about 
7,000  feet  of  the  shore  above  the  Delta  Point.  The  plan  they  propose 
contemplates  a  double  row  of  brush  mattresses  each  75  feet  wide  by  100 
feet  in  length,  which  shall  be  sunk  against  the  bank  and  form  a  contin- 
uous revetment,  extending  from  low-water  mark  150  feet  out  along  the 
bottom.  These  mattresses  should  be  two  feet  in  thickness  and  be  held 
in  place  by  a  light  covering  of  stone  or  other  heavy  material. 

The  next  thing  to  be  done  ^vill  be  to  cut  off  the  eddy  current  from 
the  harbor,  and  this  can  only  be  done  by  the  construction  of  works 
which  will  form  an  artificial  prolongation  of  De  Soto  Island.  A  dike 
built  on  the  line  shown  on  the  map  woiUd  answer  this  puri)ose  if  car- 
ried up  to  high- water  mark,  but  would  necessarily  be  very  costly.  It 
would  be  possible  to  build  it  in  installments,  allowing  the  bar  to  fill  up 
around  it  and  then  raising  the  crest  until  the  desimi  height  was  at- 
tained. But  either  method  would  be  exi)ensive  and  would  require  a  mass- 
iveness  of  construction  altogether  out  of  i)roportion  to  the  resistance  it  is 
expected  to  overcome.  The  object  desired  is  to  obstruct  this  current  so 
as  to  induce  a  rapid  deposit  on  the  outer  slope  and  e,Te^\»  oi  \>cifc\>^2t* 
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This*  <^n«l  w*vril,i  he  at!t!omplL-ihed  by  the  means  already  refored  to,  but 
it  k*  •i«^ir<i.  m1^  rh^t  Itrst*  expeiLi^ive  one^  should  be  nsed  if  possible. 

FtfT  liiL^  reacNA  the  B«)ard  reeommend  the  employineiit  of  a  method 
whi4-h  b^4  Yf^^n  ^aei^est^fally  iLsed  in  India,  and  also  on  the  Missooii 
Kiver  at  yrf^nk^kA  City.  Long,  looe^e  bandies  of  brush  are  made, 
whuh.  wht^n  ei>mplett;tL are  tbrty  or  fifty  feet  long  and  five  or  six  feet 
in  diametfr^^-  Thtfy  are  tftm.'itnicted  by  firmly  lashing  the  butts  of  the 
bm>h  to  a  small  n>pe.  which  :^rTes  as  a  core,  and  when  completed  they 
are  an<*hored  al«>&^  any  line  :^le«.*ted.  so  as  to  float  approximately  up- 
ri;rht  in  the  wacer.  Th«*  free  end  is  to  be  baoyed  up  by  emptj'  barrels, 
and  Uiif.'*  or  l«arrv-U  dlit^l  with  elav  or  stone  will  serve  as  anchors. 
The  action  of  a  soiiiirient  number  of  these  brush  ropes  is  to  check  the 
current  and  indoce  a  rapid  depoe^it.  By  making  the  T€ipes  sufficiently 
lon^  they  ean  1>^  maile  to  reach  to  the  surface  of  the  water,  even  when 
in  tkxMl.  ami  will  thas  at  once  cut  off  the  eddy  current  which  carries 
the  mud  into  the  harb<:Nr.  The  Board  are  disposed  to  think  that  by 
the  a>e  of  this  sample  and  inexpensive  device  the  bar  may  be  raised  to 
such  height  that  a  dike  o(  compoiratively  small  dimensions  will  suffice 
for  the  protection  of  the  harbor. 

When  the  eddy  current  is  cut  off  from  the  east  arm,  it  will  probably 
flow  in  at  the  other  end  of  the  lake,  which  will  rapidly  silt  up,  and  this 
action,  while  in  many  ways  beneficial,  will  not  be  at  all  injurious  to  the 
harbor  of  Vick>burg.  There  will  then  still  remain  the  task  of  clearing 
away  the  mud  6\»m  the  tiout  of  the  landing,  and  this,  although  exten- 
sive in  amount,  can  stilL  owing  to  the  softness  of  the  material,  be 
ilre<lge<l  out  at  comparatively  little  cost.  After  the  Delta  Point  has 
been  protected,  and  the  bar-dike  raised  to  high- water  mark,  it  is  proba- 
ble that  a  small  annnal  outlay  will  be  required  to  keep  the  mouth  of  the 
harbor  open. 

The  attention  of  the  Board  was  urgently  called  to  the  plan  advocated 
of  opening  communication  between  the  Yazoo  Kiver  and  the  head  of 
the  lake,  so  as  to  cause  the  Yazoo  to  flow  past  Yicksburg  and  keep  the 
harbor  o]>en.  At  the  request  of  the  Board,  the  surveys  executed  by  the 
city  were  extended  so  as  to  embrace  the  various  lines  communicating 
with  the  Y'azoo,  and  we  have  formed  estimates  of  the  cost  of  carrying  it 
out  by  three  difl'erent  routes.  The  discharge  of  the  Yazoo  at  low  water  is 
too  small  to  remove  the  immense  accumulation  of  mud  already  in  ])lace, 
but  it  might  obviate  the  necessity  for  annual  dredging  if  the  works  al- 
ready descril>ed  were  once  completeiL  To  carry  out  die  idea,  it  would 
be  necessary  to  dam  the  Yazoo  below  the  new  channel,  and  also  to  carry 
a  dam  across  the  west  arm  of  the  lake^  so  as  to  force  the  Yazoo  to  flow 
I>ast  Yicksburg. 

This  latter  operation  would  be  very  expensive  under  the  present  con- 
dition of  aflairs,  but  the  cost  would  be  much  lessened,  if  not  done  away 
with  entirely,  if  the  other  works  recommended  were  first  constructed 
and  the  west  arm  of  the  lake  alloweil  to  silt  up. 

The  first  route  examined  runs  through  Chickasaw  Bayou  and  McXutt's 
Lake;  the  second  through  Boat  Slough,  Indian  Camp,  and  Flat  Lakes; 
the  tliird  through  the  dead  end  of  Old  River,  Long  LEike,  and  Cat-Tail 
Bayou*  The  last  mentioned  is  the  shortest  and  most  desirable  route 
Ixrth  as  regards  expense  and  damage  to  property. 

The  Board  are  of  the  opinion  that  the  works  here  considered  should 
be  taken  up  in  the  following  order: 

L  Protection  of  Delta  Point 

2.  Construction  of  bar-dike, 

3.  Dredging  out  of  inner  harbor. 

4.  Diversion  into  the  lake  of  the  Yazoo  Biver. 
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ESTIMATES. 

Hevetment  of  Delta  Point 

Protection  of  7,000  foet  of  shbre-linfe,  by  mattreas  reTetment,  150  feet  wide 

anir2  feet  tliick,  at  $12  per  liuear  foot  of  bank.... |84)  000 

Construction  of  dike  and  dredging^ 
First  estimate: 

Cro88-(like,  40  feet  hich  and  2,100  feet  long,  comi^sed  of  brush 

and  stone  and  held  by  piles , $42,000 

Longitudinal  dike,  40  feet  high,  3,000  feet  long,  built  as  above^ 

but  wider 112,000 

Total  cost  of  dike  raised  to  average  high-water  murk 154,  000 

rhredging * 100,000 

254,000 


A      ■*»^M^^i^^^ 


Second  estimate: 

Dike  built  in  installments,  20  feet  first  season,  and  raised  10  feet 
ill  each  of  two  succeeding  seasons: 

Fii-st  season,  20  feet  high $73,000 

Second  season,  raised  10  feet *        20,000 

Third  season,  raised  10  feet 20,  (XK) 

' 113, 100 

Dredging 100,000 

213, 100 

Third  estimate : 

Surface  of  bar  raised  by  system  of  brush  ropes,  and  dike  20  feet 
high  built  on  top : 

Cost  of  brush  ropes $17,000 

Dike  20  feet  liigh 73, 1(K) 

90, 100 

Dredging '80,000 


170, 100 


& 


Diverting  the  Yazoo  River* 
Chickasaw  Bayou  route : 


Dam  across  Yazoo  River  below  mouth  of  Chickasaw  Bayod ii^y  000 

Kxcsi 
Dam 


Kxcsivatiou,  12,500  000  cubic  yards,  at  20  cents 2, 500,  000 

Dam  across  Lake  Centennial 180,000 

2,763,000 

Boat  Slongh  route : 

Dam  across  Yazoo  Kiver 88,000 

Excavation,  ll,:i50,(M)0  cubic  yards,  at  20  cent« 2,270,  000 

Dam  across  Lake  Centennial 180,000 

2, 538,  000 

Long  Lake  route : 

Dam  across  Old  River 300,000 

Excavation,  6,500,000  cubic  yards,  at  20  cents 1,  300,  000 

Daiu  across  Lake  Centennial 180, 000 

1,780,000 

Recapitulation, 

Revc^tmcnt  of  Delta  I'oint $84,000 

ConHtruction  of  dike,  third  estimate 90, 100 

I>redging 80,000 

Total....: 254,100 

Division  of  Yazoo  River  by  Long  Lak«  route. ..4  •••••»  ..•4..  •••••.•• 1, 830, 000 

41  £ 


€4^         REPORT  OP  THE  CHIEF  OP  ENGINEERS. 

The  following  appendixes  are  attached  to  this  report: 

A.  Copy  of  order  convening  the  boarrl. 

B.  Pi-eliniinarj'  report  of  July  20,  1877. 

C.  Copy  of  a  letter  a^ldressecl  by  the  board  to  the  chairuiftn  of  the  citizens'  commitr 
tee  of  the  city  of  Vicksburg.         » 

D.  Copy  of  order  reconvening  the  boanl. 

E.  Report  made  to  the  board  by  Mr.  T.  G.  Dabnev,  C.  E.,  on  the  sun'cys  executed 
by  him  for  the  citizens'  committee  of  the  city  of  Vicksburg. 

F.  Map  showing  har1x>r  of  Vicksburg  and  Yazoo  River,  with  proposed  route's  of 
communication.  Reduced  fVom  the  copv  furnished  by  the  citizens'  committee  of  the 
city  of  Vicksburg.     Scale  1  inch  to  2,000 Veet. 

G.  Map  showing  harbor  of  Vicksburg  and  works  proposed  by  the  board.  Reduced 
from  the  copv  furnished  by  the  citizens*  committee  of  fn<i  city  of  Vicksburg.  Scale  I 
inch  to  l,0007eet. 

AH  of  which  is  respectfully  submitted^  by  yonr  obedient  servants, 

J.  H.  Simpson, 
Colonel  Engineers  and  Brevet  Brigadier-General^  President  of  Board. 

Chas.  R.  Suter, 

Major  of  Engineers, 
W.  H.  H.  Benyaurd, 

Captuin  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U.S.A. 


A. 

ORDKR  COXVENIXG  THK  BOARD. 

[Special  Orders  No.  141.] 

lft;ADQt*ARrKRS  OF  THE  ARMV, 

Al>JCTANt-GEXKRAL\s  OfFICK, 

Washington,  June  ifcf,  1877. 

•   •  fEttmct.l  •  * 

•  •  «  .         «  •  *  • 

G.  By  direction  of  the  Secretary  of  War,  a  imard  of  engineers,  to  consist  of  Col.  J.  H. 
Simpson,  Mjy.  C.  R.  Suter,  and  Capt.  W.  H.  H.  Benyaurd,  will  a*»8emble  at  Viclcsbur^s 
Miss.,  on  the  17th  day  of  July,  1877,  or  a«  sotui  thereafter  as  practicable,  to  exaiiiiiif 
and  report  upon  the  most  atlvisahle  means  of  prest?rving  the  water-front  of  Vicksbnr;;, 
and  of  arresting  the  danger  which  appeal's  to  be  api>rehended  from  the  cut-oft' oj»p<wite 
that  city. 

The  board  will  also  submit  suHi  estimates  as  may  be  thought  advisable  toprpsent 
to  the  early  ccmsideration  of  Congress. 

The  junior  member  will  act  as  recorder. 

•  «f  •  *>  «  «  • 

By  command  of  General  Shermau. 

Thomas  M.  VnccExr, 

Amstant  J€{JHtanl'General 

Official : 

L.  H.  PELOl'ZR, 

Attifistant  Adjuiant- General. 


B. 
PRELIMINARY  REPORT  OF  THE  BOARD. 

Vicksburg,  Miss.,  Julg  20,  iSf*' 
Gen'Eraj^:  The  board  of  engineers  constituted  by  paragraph  6,  Special  Orders  ><J' 
141,  from  headquarters  of  the  Army,  Ailjatant-Generars  Office,  Washington,  June**? 
1877,  to  examine  and  report  upon  the  most  advisable  means  of  preserving  the  water- 
front of  Vicksburg,  anxl  of  arresting  the  danger  which  appears  tobeappr^ende(lfr"J^ 
the  cut-off'  opposite  that  city,  have  the  honor  to  rejiort  tliat  in  accordance  with  tD«' 
above  orders. the,y.nip.t. tit  Vicksburg  qu  the  17th  instant,  and  iiroceeded  to  investigate 
the  subject  committed  to  their  charge. 


APPENDIX  L  643 

rftjiid  deterioration  and  threatened  destruction  of  their  harbor  since  the  forma- 
1  1876  of  the  cnt-off  below  the  town,  lia«  l>een  a  matter  of  ronch  concern  to  the 
8  of  VickHbnrg.  They  have  had  a  survey  execnt^wl  of  the  haHjor  and  peninsula 
te,  an<l  ]>ropo8e  to  make  other  surveys  which,  are  needed  for  a  ftiU  understand- 
the  subject.  ^ 

fly  Htated,  the  8ituation  is  aa  follows :  ^ 

l>reak  tliroujafh  the  old  ]>eniu8ula  is  now  about  6,000  feet  wide,  the  upper  ed)B:e 
<»pnoHit«  a  P"int  in  VickHburj^,  midway  between  the  marine  hospital  and  tlie 
88  House.     The  cut  is  rapidly  \;ideuing,  the  Louisiana  point  recedinjjf  toward 

The  debris  washed  away  is  8wej)t  aix)und  the  ]K»int,  and  tVinns  a  lar*]je  bar,  <lry 
*eut  stage  of  wat«r  (35  feet  by  gaujije),  and  ext4?nding  down  past  the  wharf-boat 
ta.  The  low  gnmnd  below  Vickshurg,  receiving  the  direct  impact  of  the  tre- 
us  current-,  is  going  in  very  rapidly.  The  water-slope  is  over  6  inches  to  thf^ 
ind  soiuKlings  made  in  our  presence  along  this  shore  failed  to  find  bottom  with  a 
3  feet  in  length.  In  the  line  of  the  cut-off  a  great  bar  is  forming,  which  will  proba- 
dry  at  low-wator,  and  will  extend  from  the  farther  Missi8si|)pi  shore  across  the 
f  the  lake  nearly  to  the  Vickshurg  wharf.  This  bar,  lying  directly  in  the  line  of 
rater  deixmit-s,  is  sure  t-o  grow  very  rapidly,  and  to  l)e  composed  of  hanl  mat<*ri- 
Lbove  the  point  where  the  current  strikes  the  Vickshurg  shore  a  strong  eddy  si' fs 
am  along  the  wharf-front.  This  eddy  carries  up  vast  quantities  of  mud,  and 
pns  soon  to  fill  up  the  lower  end  of  the  harbor. 

inling  to  some  soundings  made  by  citizens  interested  in  the  matter,  this  fill, 
:  the  ]>ast  month,  amounts  to  8  or  10  feet,  and  the  present  depth  opposite  the 
•boat  indicates  that  even  without  further  increments  the  bottom  will  be  bare  jit 
ater.  Our  information  is  not  sufliciently  extensi\'e  to  enable  us  to  say  definitely 
kr  down  this  will  extend ;  but  it  seems  probable  that  during  the  coming  low- 
access  to  the  wharf-boat,  elevator,  and  in  fact  to  the  whole  water-fiont  will  Iw 
f.  The  recession  of  the  Delta  Point,  about  600  feet  a  month,  will,  of  courwe, 
i  this  mud-bar  downstream  at  a  corresponding  rate. 

:e  is  no  telling  where  this  recession  will  cease,  but  it  is  probable  that  it  will  con- 
jearly,  if  not  quite,  down  to  Delta,  about  a  mile  IhjIow  its  present  location.  The 
\  of  tlio  bank  at  King's  Point  above  the  cut-off  and  of  the  shore  below  Vicks- 
re  favorable  for  restoriu^  the  equilibrium,  but  unless  prevented  the  erosion  will 
>ly  go  on  to  the  extent  indicated  at  least.  It  may,  therefore,  be  necessary  to 
lis  point;  it  certainly  ap])ears  so  at  present,  but  we  cannot  decide  tlefinitely  uii 
bj<K*t  until  we  know  what  changes  may  take  place  at  low  water. 
all-imi>ortaut  point  of  keeping  open  the  harbor  of  Vickshurg  has  been  consid- 
y  iLs  as  well  as  the  meager  information  at  our  command  would  allow  ;  l)ut  :it 
t  we  can  only  state  the  necessity  of  maintaining  a  dre<lged  channel  seems  int'vi- 

A  proposition  advanced  meets  much  favor  here,  viz,  to  turn  the  Yazoo  River 
Chickasaw  Bayou,  and  bring  it  into  the  lake  near  the  naHonal  cemetery,  with  a 

0  keeping  the  harbor  open.  Careful  8ui*\*eys  and  measurements  will  be  nee(l<'d 
de  this  point,  and  until  we  have  tht^se  data  we  cannot  give  a  decided  o])iinun. 
can  l>e  done  without  injur>^  to  the  navigation  of  the  Yazoo,  the  inilnx  of  that 
,  if  pro]wrly  controlled,  might  at  least  jirevent  the  entrance  of  the  mud-dep(>sit- 
[ly  current  from  the  Mississippi,  and  to  that  extent  maintain  an  open  harbor ; 
*  do  not  believe  that  it  would  supersede  the  necessity  of  dredging  at  its  coulhi- 
ith  the  Mississippi. 

citizens  of  Vickshurg  propose  to  make  the  required  examinations  and  to  furnish 

1  the  results.     We  have  therefore  concluded  to  adjourn  until  we  are  put  in  i><>s- 
of  this  information,  when  a  ftill  report,  with  estimates,  will  be  forwarded  to 

r  the  consideration  of  Congress, 
•f  which  is  respectfully  submitted. 

J.  H.   SiMPSOX, 

Colonel  EngineerSf  Brevet  Brigadier-General  U.  S.  A.,  President  of  Board. 

ClIAS.    K.    SUTER, 

Major  of  Engineers, 
W.  H.  H.  Benyaurd, 

Captain  of  Engineers, 
.  Gen.  A.  A.  HrMPHREYS, 

Chief  of  Engineers  U,  S.  A, 


C. 

I  ADDRESSED  BY  THE  BOARD  TO  THE  CHAIRMAN  OP  THK  CITIZENS*  COMMITTEE 

OF  THE  CITY  OF  V1CK8BURG. 

ViCKSBURG,  Miss.,  July  20,  1877. 

R  Sir  :  The  Board  of  Engineers  directed  by  the  Secretary  of  War  to  examine  and 
upon  the  most  advisable  means,  of  preserving  the  water-ftout  ol  NV^V'^xxt^,  vv^- 


I 
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prcM^iatinjj  the  jrreat  importance  of  the  question  to  the  city,  and  desiring  to  arriri 
Hoiiie  projier  solution  at  as  early  a  day  as  practicable  for  the  cousidexation  of  Cougn 
wish  to  state  tiiat  at  the  present  time  they  have  not  sufficient  data  at  their  couum 
for  HO  full  and  conix>lete  an  investigation  iis  a  suliject  of  so  much  imxM>rtauce  deniaii 
^  As  uo  funds  were  furnished  the  Board  with  which  to  make  the  necessary  surveys  : 
examinations,  it  is  re8i>ectfully  n»qm'sted,  if  within  the  power  of  your  committee,  t 
the  surveys  already  conunenced  by  you  be  continue<l  so  as  to  embracre  all  the  jioi 
enumerated  below,  and  the  information  be  furnished  at  the  earbest  date  practical 
The  Board  will  then  l>e  in  a  condition  to  consider  the  subject  in  all  its  1>eariug8,  w 
the  hope  that  some  plan  may  be  deviseil  for  the  protection  of  the  water-trout  of  yi 
city. 

There  will  be  required  a  survey  of  inner  harl>or  from  national  cemetery  to  pn 
where  bank  begins  caving,  showing  cross-sections  of  water-way,  the  distances  aji 
incn»asing  toward  the  upper  end,  say  four  sections  below  Glass  Bayou  and  two  aW 
one  si*ction  from  old  point  of  peninsula  to  bight  of  l)end;  two  secticms  on  upper  8 
of  island  at  end  nearest  the  Mis8issi]}pi.  Each  cross-section  should  have  at  least  thi 
well-distribut«Hl  soundings. 

Hhore-line  of  Louisiana  Point  and  low  ground  below  Yicksburg  at  low-water. 
"    Outlines  of  principal  bars  at  present  stage  and  at  low-water. 

Longitudinal  profile  at  present  stage  and  at  low-water  of  water-surface  along  L 
isiana  Point,  from  one  mile  alM)ve  the  XK>int  at  Delta,  following  the  channel-line,  w 
located  soundings  on  same  line. 

CroHs-sections  of  the  Mississippi  River  at  present  stage  and  at  low-water,  say  < 
«ecti(m  back  of  Delta;  one  from  point  to  opposite  side  of  Cut-ott*;  one  from  poiui 
Vicksburg  shore  running  across  the  bar;  and  one  more  half-way  down  to  Delta. 

Current-oliservations  with  Hoats  to  show  direction  and  velocity  of  currents  into  i 
through  the  inner  harbor,  both  at  present  stage  and  at  low- water. 

Survey  trom  head  of  lake  to  Yazoo  River  along  Chickasaw  Bayou,  &e.,  and  up 
Yazoo  to  Snyder's  Blutt*.     This  should  be  made  at  low-water. 

Careful  ])rotile  along  whole  route,  with  protile  of  Yazoo  River  from  head  of  sur 
to  head  of  pro])osed  cut. 

Cross-section  and  measured  tlischarge  of  Y'azoo  River  at  low-water. 

Cross-section  of  Yazoo  at  site  of  jjroposed  dam. 

Sections  ahmg  the  bayou  and  n>ute  to  show  amount  of  cut  required. 
Very  respectfully,  your  obedient  servant, 

J.  H.  S1MP8OX, 
Colonel  of  EngineerSj  Pre9idetit  0/  the  Boan 

To  Mr.  J.  F.  Baum, 

Chairman  Citizent^  Committee. 


D. 

order  recoxvexixa  the  board. 

Engineer's  Office,  United  States  Army, 

Saint  LouiSy  3/o.,  January  10,  187€ 

The  board  of  engineers  constituted  by  Special  Orders  No.  141,  Headquarters  of 
Army,  A<ljutant-Generars  Office,  dated  June  28,  1877,  will  reassemble  at  Saint  L01 
Mo.,  on  the  14th  day  of  Januaiy,  1878,  *'to  examine  and  report  ui>on  the  most  adi 
able  means  of  preserving  the  water-front  of  Yicksburg  and  of  arresting  the  dan, 
which  appeal's  to  be  aj^pre bended  from  the  cut-off  opposite  that  city.'^ 

J.  H.  Simpson, 
Colonel  of  Engineers^  Premdent  of  the  Board 


E. 

REPORT  OF  MR.  T.  G.  DABXEY,  CIVIL  ENGINEER. 

Vicksburg,  Miss.,  January  10,  1878 

Gentlemen  :  In  compliance  with  the  request  contained  in  your  letter  of  July  20  la 
to  the  citizens'  committ<»e  of  the  city  of  Vicksburg,  that  additional  surveys  and  < 
aminations  be  nuide  for  the  purjiose  of  affording  infonnation  which  would  enable  y 
to  detennino  unon  some  nracticable  plan,  if  possible,  for  the  preservation  of  Vicksbnrj 
water-front,  I  have  the  honor  to  report  that,  having  been  authorized  and  employed  i 
the  city  authorities  to  execute  the  work  nHjuired  to  be  done,  I  proceeded  at  once  Xo  ( 
so,  and  having  made  the  examinations  specifically  indicated  in  your  letter  above  i 
ferred  to,  I  extended  my  operations  further,  with  your  approval, 'so  as  to  comprelier 
more  ground  and  cover  a  wider  field  of  inquiry. 
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The  most  prominent  feature  in  the  work  required  appeared  to  be  the  examination 
of  the  Yazoo  River,  to  ascertain  its  vohinie  of  discharge  at  low-water,  the  profile  of  its 
surface  along  the  lower  reaches,  and  to  examine  the  channels  of  Chickasaw  Bayou  and 
McNutt's  Lake,  with  a  view-to  detemdning  if  it  were  feasible  and  expedient  to  divert 
the  Yazoo  River  from  its  present  course  through  those  channels  into  the  newly-formed 
lake  at  Vicksburg,  so  as  to  cause  its  waters  to  flow  through  the  harbor  and  by  the 
landing  of  the  town,  and  also  to  ascertain  the  cost  of  such  work, 

I  therefore  made  a  careful  examination  with  this  object,  and  then  examined  a  num- 
ber of  other  possible  routes  through  which  the  Yazoo  might  be  made  to  pass,  to  wit : 
One  embracing  Thompson's  Lake ;  another  embracing  Boat  Slough,  Indian  Camp,  and 
Flat  Lakes;  another  through  the  "Dead  End"  of  Old  River,  Long  Lake,  and  Cat-Tail 
Bayou ;  and  a  fourth  through  Bamett's  Lake  and  Willow  Bayou. 

Those  lakes  and  channels  were  all  carefully  sounded,  and  cross-sections  made  where 
it  was  deemed  desirable  to  have  them.  There  were  also  lines  of  levels  taken  along 
all  the  various  lines  of  sur\*ey  connecting  the  Yazoo  River  with  the  lake  at  Vicksburg 
and  the  interlying  lakes  and  channels. 

A  traverse  line  was  carried  along  the  bank  of  the  Yazoo  from  Snyder's  Bluff  to  its 
mouth,  and  along  Old  River  to  the  Mississippi,  and  thence  along  the  left  bank  of  the 
latter  to  King's  Point,  where  it  connected  with  the  system  of  trlang^ilation  previously 
made,  which  covered  the  lake  and  river  in  the  vicinity  of-  Vicksburg  and  Delta.  All 
of  the  other  convergent  lines  of  survey  from  the  Yazoo  also  connected  with  the  harbor 
system.  The  traverse  along  Yazoo  and  Old  Rivers  was  ma<le  to  take  in  both  banks  by 
deflections  on  flags  set  on  the  opposite  sides.  The  profile  of  the  Yazoo  was  also  carried 
down  to  its  mouth  and  through  Old  River  to  the  Mississippi,  and  down  the  latter  to 
the  landing  at  Delta. 

At  a  point  on  the  right  bank  of  Old  River,  about  four  miles  above  its  entrance  into 
the  Mississippi,  the  latter  had,  by  caving  away  the  east  bank  in  the  bend  outside  of 
Pawpaw  Island,  approached  to  a  distance  of  only  275  feet  fiom  the  other.  The  ditt'er- 
ence  in  the  elevation  of  the  water  waa  found  to  be  1.10  feet  in  favor  of  the  Mississippi. 
This  difference,  at  a  much  higher  stage  of  water,  was  nearly  double  the  above  figure, 
l>eing  2.05  feet.  The  respective  stages  were  15  and  42  feet  above  low  water.  It  luul 
been  suggested  that  a  part  of  the  water  from  the  Mississippi  might  be  made  available 
by  an  excavation  through  this  narrow  neck.  I  therefore  ran  a  line  from  .this  point 
across  the  peninsula  formed  by  the  two  ends  of  Old  River  to  a  point  opposite  the  west- 
ern end  of  Long  Lake. 

It  is  proper  to  observe,  however,  that  the  Mississippi  has  almost  forsaken  the  bend 
on  this  side  of  Pawpaw  Island  for  the  shorter  route  west  of  it— one  of  the  conse<iueuces 
of  the  Vicksburg  Cut-off — and  this  bend  is  shoaling  up. 

The  difference  in  elevation  of  the  surface  of  water  in  the  Yazoo  and  that  in  the  lake 
at  Vicksburg  varied  very  little  on  the  several  lines  examined,  as  the  fall  in  the  Yazoo 
was  ver>'  slight  with  the  then  prevailing  relative  stage  in  the  Mississippi.  The  max- 
imum difference  was  found  to  be  1.67  feet,  which  is  not  sufficiently  great,  in  my  opin- 
ion, to  endanger  the  navigation  of  that  stream,  if  it  should  be  tiuned  along  any  of 
those  lines  into  the  Vicksburg  Harbor. 

The  profile  of  the  Yazoo,  as  determined  by  my  observations,  has,  I  think,  but  little 
significance,  since  it  is  so  easily  influenced  by  the  relative  stage  in  the  Mississippi  that 
a  rise  or  fall  in  the  latter  would  eft'ect  important  modifications  in  the  former. 

Upon  gauging  the  flow  of  the  Yazoo  at  two  different  stages,  to  wit,  6  and  10  feet 
above  low-water,  the  discharge  was  found  to  be  respectively  3,667  and  3,371  cubic  feet 
per  second. 

An  elaborate  system  of  soundings  was  made,  covering  the  harbor  and  lake  at  Vicks- 
burg and  the  Mississippi  River  from  King's  Point  above  to  the  Delta  Landing  below. 
There  was  found  to  be  a  reversed  current  running  through  the  harbor  and  lake,  enter- 
ing at  the  lower  end,  passing  along  in  front  of  the  town,  rounding  the  northern  end 
of  the  island,  and  thence  passing  into  the  river  again  through  the  upper  end  of  the 
lake. 

This  current  from  Ryan's  Mill  to  the  Cotton  Compress,  a  distance  of  2,300  feet,  has  a 
velocity  (mean)  of  L81  feet  per  second,  and  from  the  compi^ess  to  the  mouth  of  Glass's 
Bayon,  4,600  feet,  the  mean  velocity  is  1.10  feet  per  second ;  the  stage  of  water  being  17 
feet  al»ove  low  water.    The  vehndty  is  greater  for  a  higher  stage  and  less  for  a  lower. 

After  paasiug  Glass's  Bayou  the  velocity  diminishes,  until,  having  reached  the  largt^ 
volume  of  water  at  the  northern  end  of  the  island,  its  further  progress  can  scarcely  be 
perceived,  but  becomes  more  marked  with  the  reduce<l  section  as  it  approfiches  the 
southern  end  of  the  island  on  the  upper  side  and  passes  out  into  the  main  cun*ent  of 
the  river. 

Subsequent  observations  here,  with  the  water  24  feet  above  low  water,  showed  a 
velocity  of  0.54  foot  per  second  from  a  point  5,000  feet  alwve  the  lower  end  of  the 
island  until  it  came  within  the  influence  of  the  main  cun*«^nt. 

This  stream  of  water  conveys  a  large  quantity  of  mud  and  sand,  held  in  suspension, 
into  the  harbor,  nearly  the  whole  of  which  is  precipitated  iu  front  of  the  landing.    This 
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n^ult  is  decidedly  shown  by  the  sbnndings  taken  and  by  the  different  Color  of  the  wator 
air  or  reaching  the  upper  end  of  the  island. 

There  is  a  large  area  of  the  harbor  npon  ivhioh,  at  the  date  of  the  soondiugs  taken. 
lV«»m  the  l*3th  to  the  2()th  of  August  last,  the  botttjm  had  l>een  raised  to  the  level  of 
the  low-water  plane,  and  a  portion  cousidorably  alwve,  indicating  a  deposit  of  about 
5C>  feet  in  depth  since  the  cut-off,  which  oocttrre<l  April  27,  1876.  Thks  area  oecupiee 
that  ))ortion  of  the  harbor  immediately  in  trout  of  the  lauding,  and  extejlds  eutirely 
across  to  the  island. 

The  point  of  the  Delta  Peninsula  was  found  to  have  receded  by  caving  975  feet  from 
tbe  middle  of  March  to  the  middle  of  August  last.  Tliis  period  covered  a  little  morf 
tbau  one-half  of  the  rapidly-caving  stage  of  the  river,  so  that  the  average  rate  per 
mouth  for  the  whole  year  may  be  taken  at  about  125  feet. 

In  view  of  the  enorinons  deposit  going  on  in  the  harbor,  together  with  the  rapid  re- 
cesHion  of  the  main  channel  iu  consequence  of  the  oaring  of  Delta  Point,  it  is  not 
ditticult  to  coi^feeture  what  will  be  the  fiite  of  Vicksburg's  commerce  at  a  tiuie  in  the 
n*'ar  future  if  these  baleful  agencies  are  not  speedily  arrested.  Aiul  I  will  here  tak« 
the  liberty  to  niyo  es])ecially  the  imt>ortance  of  prompt  measures  to  cheek  the  further 
encroachment  or  the  river  uiM>n  Delta  Point,  the  enoct  of  its  continuance  being  to 
gi*eatly  increase  the  dithculties  to  be  encountered. 

r  submit  here>vith  a  map  showing  accurately  the  ][>ositions  of  Vicksburg  and  delta, 
with  the  barbor  and  river  adjacent ;  the  Yazoo,  Old  Kivor,  and  the  Mississippi  from 
Snyder's  Bluff  to  delta,  and  all  the  lakes,  bayous,  old  cliannels,  and  other  features  cou- 
tiguous  to  the  lines  of  sur\'ey.  Also,  the  soundings  taken  iu  tlie  Missiinsippi  River  and 
harbor.  Old  Kiver,  and  the  various  lakes  examined,  with  proiileb  of  the  different  lines 
of  survey,  and  cross-sections  of  Yazoo  River,  Chickasaw  Bayou,  McNutt's  Lake,  anil 
other  channels. 

I  hoi>e  all  the  information  has  l>een  afforded  that  you  may  find  necessary  to  enable 
you  to  reach  a  solution  of  this  problem,  which  is  of  so  great  importance  to  the  com' 
mercial  and  other  interests  of  the  cit>'  of  Vicksburg. 

It  may  not  l)e  improper  to  remark  that  the  destruction  of  Vicksburg's  harbor  closes 
access  by  water  to  the  national  cemetery,  a  work  which  has  required  a  large  exepudi- 
ture  of  money,  and  which  has  been  brought  to  such  perfecticm  of  symmetry  aiul  Iteauty 
tbat  it  shouhi  l>e  a  matter  of  national  pnde  to  preserve  to  it  the  position  originally  de- 
signe<l  in  the  selection  of  its  location,  overlooking  the  great  m^tioual  highway  of  coiu- 
uierce,  which  washes  its  outer  wall  with  the  waters  collected  from  three-fourths  of  tbe 
IJuion.  possibly,  bearing  mementoes  from  every  hiMuestead  of  the  poor  fellows  who  lie 
there  in  eternal  sleep  where  they  fell  in  the  service  of  their  country. 

I  aui  indebted  to  my  assistant,  Mr.  Horace  M.  Marshall,  ci\il  engineer,  for  carefal 
au<l  accurate  levels  taken  by  him  and  for  other  imx>ortant  setrvioe  rendere4l. 

Resi)ectfxilly  submitted. 

T.  G.  Dabnky, 

Civil  Engineer. 

General  J.  H.  Simpson, 

President  of  Board  of  United  Stutes  Engineers* 


L  9* 

WATER-GAUGES  OX  THE  MISSISSIPPI  RIVEE  AND  ITS  PRINCIPAL  TRIBU- 
TARIES. 

As  there  was  no  appropriation  for  last  year,  the  observations  of  the 
rise  aud  fall  of  the  river  were  contiuued  at  nearly  all  of  the  gau|»:es  until 
the  funds  were  exhausted,  which  was  iu  October.  Many  of  the  observ- 
ers, however,  continued  taking  the  readings,  and  sent  them  to  this  office 
without  compensation,  whereby  we  were  enabled  to  keep  a  continuous 
record  of  the  stage  of  water  on  all  of  the  rivers. 

Ko  repairs  could  be  made  to  the  gauges,  many  of  which,  especially 
those  on  the  Lower  Mississippi,  are  in  bad  condition,  and  tem^ioraiy 
means  had  to  be  resorted  to  to  keep  up  the  readings. 

Tlie  gauges  needing  repairs  are  those  at  Carrollton,  Plorencje,  Helena, 
Jjtcksonport,  Lake  Providence,  mouth  of  White  liiver,  Xatchez,  and  lied 
River  Landing.    All  the  others  are  in  good  condition. 

During  the  coming  season  a  thorough  inspection  will  be  made  of  aH 
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the  gauges,  and  such  as  need  it  will  be  repaired.  The  observations  will 
be  continued  at  all  the  stations. 

The  obsen^ers  are  the  same  as  those  mentioned  in  previous  reports, 
excei)t  here  at  Memphis,  where  the  records  were  kept  by  this  office. 

Hydrographs  of  all  the  gauges  were  finished,  and  we  now  have  a  com- 
plete set  irom  the  date  of  establishment  to  the  present  time. 

Copies  of  the  gauge-records  for  the  year  ending  June  30,  1878,  are 
transmitted  herewith. 

Money  statement 

July  1,  1877,  amount  available $1,668  24 

Amount  appropriated  by  act  approved  June  18,  1878 5,000  00 

$6,668  24 

July  1,  1878,  amount  exx>eude<l  during  fiscal  year 1,668  24 

July  1,  1878,  amount  avilable 5,000  00 

Amount  that  can  be  profitably  exjiended  in  fiacal  year  ending  June  30, 1860.    5, 000  00 
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AXNIJAL  KEPOKT  OF  MAJOR  CHARLES  R.  SUTER,  CORPS 
OF  EXGIN^EEKS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 

30,  1878. 

United  States  Engineer  Office, 

Saint  Louis^  Mo.^  July  31,  1878. 

General  :  I  have  the  honor  to  submit  herewith  my  annual  report 
upon  the  operations  committed  to  my  charge  during  the  fiscal  year  end- 
ing June  30,  1878. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  R.  Suter, 


Brig.  Gen.  A.  A.  Hiimphreys, 

Chief  of  Engineers^  U.  S.  A. 


Major  of  Engineers. 


Mi. 

removing  snags  and  wrecks  from  the  MISSISSIPPI,  ^USSOURI,  AND 

ARKANSAS  RIVERS. 

In  my  last  annual  report  it  was  stated  that  the  small  balance  remain- 
ing of  the  appropriation  made  by  act  api)roved  August  14, 1876,  and 
allotted  to  this  work,  woidd  be  held  for  the  care  of  the  boats  and  other 
property  belonging  to  the  work  until  such  time  as  Congress  should  make 
a  new  appropriation  for  carrying  it  on.  Subsequently,  however,  it  was 
decided  by  the  department  that  it  would  be  expedient  to  devote  a 
month's  snagging  operations  to  the  Missouri  River,  and  in  accordance 
with  your  instructions  the  snag-boat  Macomb  was  detailed  to  perform 
this  duty.  The  whole  fleet  was  then  laid  up  in  ordinary  until  Congress 
passed  a  special  appropriation  for  this  service  of  $4:0,000  (act  approved 
Febniary  7, 1878).  As  soon  as  two  boats  could  be  fitted  for  the  field, 
the  Macomb  was  sent  to  the  Missouri  River,  and  the  Be  Eussy  to  the 
Mississippi.  Subsequently  the  Macomb  was  transferred  to  the  Arkan- 
sas, and  both  boats  were  kept  at  work  as  long  as  the  funds  available 
would  allow. 

MISSISSIPPI  RIVER. 

Work  on  this  stream  was  carried  on  by  the  snag-boats  De  Russy  and 
Macomb,  and  extended  from  the  mouth  of  the  Missouri  to  Vicksburg, 
840  miles.    Three  and  a  half  months  were  devoted  to  these  operations. 

The  snag-boat  De  Russy  left  Mound  City,  111.,  March  10,  1878,  and 
began  work  at  Cairo,  proceeding  downstream.  On  the  23d  of  March, 
she  reached  Memi)his,  and  worked  upstream  again  to  Cairo,  reaching 
that  point  April  3.  She  then  started  down  the  river,  reaching  Vicks- 
burg, Miss.,  on  the  28th  of  April.  She  then  worked  up  the  river,  reach- 
ing Moimd  City,  111.,  on  the  27th  of  May,  and  was  at  once  laid  up* 
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Tlie  snag-boat  Macomb,  after  lea^ing  Missouri  River  on  the  30tli  of 
October,  1877,  cleared  the  Mississippi  of  snags  as  far  down  as  Cairo. 
Time  occupied,  9  days.  On  leaving  Mound  City  for  the  Missouri,  Marcli 
11,  1878,  9  days  were  devotedby  the  Macomb  to  clearing  the  channel  be- 
tween Cairo  and  the  mouth  of  the  Missouri  Siver,  and  subsequently,  in 
April  and  May,  13  days  were  devoted  to  snagging  between  Saint  Louis 
and  Memphis. 

Table  of  work  done  in  the  Mississippi  River. 


ITaine  of  boatk 


Xumber  of  snags  ■  Weight  in  tons 
pulled.  of  2,U00  pounds. 


R.  E.  l)c  RufMvy | 

J.  N.  Macomb ,' 

Total 


742 
147 


17, 07L  7 
2. 123. 0 


yomber  of 
trees  cut. 


3,104 
242 


88U 


19, 195. 3 


3.346 


Drift-piles 
removed. 


XumWrmiltt 
run. 


1,790 


2.<ifi 


MISSOURI  EIVEB. 

The  snag-boat  Macomb  was  assigned  to  this  river,  and  one  and  one- 
half  months'  work  aexiomplished,  the  ox)erations  extending  from  the  mouth 
to  Lexington,  317  miles.  » 

The  Macomb  left  Mound  City  October  10. 1877.  entered  the  Missouri 
River  October  15,  and  on  the  2Gth  turned  back  from  Sandy  Hook,  165 
miles  from  the  mouth.  She  left  Missouri  Eiver  on  the  30th  of  October, 
and  was  laid  up  at  Mound  City  November  8,  1877. 
r  The  Macomb  again  left  Mound  City  March  11, 1878,  entered  the  Mis- 
souri March  20,  and  worked  up  to  Lexington,  317  miles  from  the  mouth. 
She  turned  back  from  this  point  on  the  13th  of  Ai)ril,  and  left  the  Mis- 
souri Apiil  19,  on  her  way  to  Arkansas  River. 


Table  of  work  done  in 

the  Missouri  Biver, 

Xaxne  of  boat. 

"vsar-i-i- 

Drift-piles 
removed. 

No.  ofmlkt 
run. 

J.  Nr  Macomb  -.-.-.,-,,,,,.,,.,..  ^ 

ass 

8,d6L8 

12                 1.3991 

ARKANSAS  KIYEB. 

The  snag-boat  Macomb  was  assigned  to  this  river.  Her  operations 
extended  i^m  the  mouth  to  Little  Rock,  280  miles,  and  covered  a  i^eriod 
of  two  months. 

The  boat  entered  Arkansas  River  May  3, 1878,  and  had  worked  np  to 
Little  Roc-k  May  12.  She  then  worked  down  to  Knott's  Landing,  and 
on  the  20th  again  started  up  stream,  reac^hing  Little  Rock  on  the  24^th  of 
May.  She  then  worked  down  to  Pine  Bluft',  and  returned  to  Little  Rock 
Jiuie  13.  She  then  started  to  work  down  the  river,  and  entei^ed  the  Mis- 
8issipi)i  June  20.  Jiuie  30  she  was  at  Wiggins  Landing,  26  miles  below 
Cairo,  en  rouU  to  Mound  City,  111.,  to  be  laid  up. 

Table  of  work  done  in  the  Arkansas  River, 


iName  of  boat. 


J.  N.  Maoomb 


& 

•Sf 

1 

i"^ 

•*»«^'rf 

£ 

a5 

C  S 

•r  s  3 

-ot 

ift- 
mov 

^^i 

i 

5*= 

430 

6,34&3 

1.177' 

u 

s 


5? 


1.3fl 
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Recapitulation  of  work  during  the  fiscal  year  ending  June  30,  1878. 


T-^ 


y  ame  of  riTor. 


•  z 


MiMdHsippi  RivBT 

3f  iMCMiri  Kiv«r 

Arkansas  liiver ^ 

Total 


g89 
803 
430 


1,712 


If),  IQR.  S 
3, 861.  3 
5,  344.  3 


27,902.9 


Zi 


5? 


3,34« 
"i,'i77 


4,523 


:::s 


1 

12 
11 


24 


a 
? 


2,633 
1,527 


5,4884 


OPEKATIONS  FOB  THE  COMING  SEASON. 

The  liberal  scale  upon  which  appropriations  were  matle  this  jear  will 
enable  us  to  set  about  the  mueh-nee(le<l  work  of  renewing  our  workin^j- 
fleet.  Two  boats  will  be  taken  in  hand  at  once,  and  it  is  hojied  that  with 
some  assistance  from  next  year's  appropriation  we  \rill  have  them  I'eady 
for  the  field  by  June  30,  1879.  Meanwhile  the  only  two  boats  which 
remain  available  will  be  kept  at  Avork  for  so  much  of  the  season  as  may 
he  necessary,  the  plan  approved  by  you  contemplating  the  following 
allotment  of  work : 

MiH8i88ippi  River 11  months. 

Arkaii8iU9  River 3  months. 

Missouri  River w 8  months. 

To  bring  our  fleet  up  to  full  efficiency  it  will  be  necessary  to  provide  for 
renewing  one  more  botit  and  lor  repauing  another  and  fitting  her  up  for 
the  removal  of  \\Teck8. 

The  work  is  situated  in  the  ooUeotion-district  of  New  Orloans.  The  omonnt  of  rev- 
enue collected  at  the  port  of  Saint  Louis,  Mo.,  during^  the  iiscal  year  ending  June  30, 
lt<78,  was  #1,563,723.93. 

The  commerce  benefited  by  the  work  is  that  of  the  entire  Mississippi  Valley. 

ESTIMATE  OF  AMOUXT  SEQUIRBD)  FOR  FISCAL  YEAR  ENDING  JUNE  30,  1880. 

For  building  one  small  iron-hulled  snag-boat  to  carry  machinery  of  one  of 

the  present  wooden  boats ,.  $105, 000  00 

For  repairing  one  wooden  snag-boat  and  fitting  it  up  for  wrecking  pur- 
poses  50,  000  00 

For  completion  of  the  two  iron  snag-boats  now  authorized . . . . , 30, 000  00 

For  working  expenses  of  5  boais,  10  mouths,  each  at  ^,000  jjer  month 200,  000  00 

Total 385,000  00 

Money  statement 

July  1,  1877,  amount  available - . .  - $9, 174  79 

Aniouut  approjjriated  by  act  approved  February  7,  1878 40,  000  00 

Amount  appropriated  by  act  approved  Jime  18,  1878,  viz : 


For  Mississippi  and  Arkansas  Rivers |170,  000  00 

For  Missouri  River 70,000  00 


340,000  00 


$289,174  79 
July  1,  1878,  amount  expended dtiring  fiscal  year..... 39,037  44 

July  1,  1878,  amount  available 250,137  35 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880,  viz : 
For  Mississippi  and  Arkansas  Rivers $260,000  00 


ForMiasoun  River 125,000  00 


385,000  00 
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M2. 

dipbove3k:xt  of  mlssouki  riter  at  or  near  fort  leavexwoeth, 

A  report  npon  this  subject  was  submitted  to  you  on  the  24th  of  May, 
187H.  No  8ur\'ey  had  been  made,  however,  and  one  will  be  undertaken 
as  soon  as  jKiSsible.  When  it  Is  completed  a  plan  for  the  ex|>enditure  of 
the  present  ap]>ropriation,  with  estimates  for  continuing  the  work,  will  be 
submitted  to  vou. 

The  work  in  HitnAieil  in  the  collection-district  of  Xew  Orleans,  *nd  the  nearest  port 
of  deliverj-  is  Oinaha,  NeUr. 

Amount  of  revenue  collected  at  Omaha,  Xebr.,  daring  fiscal  Tear  ending  Jane  30, 
167^,  was  ^,361.44. 

Money  statement 

Amoant  appropriated  bv  act  approved  Jane  18,  1878 f35,  Oni)  W 

July  1,  Ir^^i  amount  available 25J^«»  '•» 

Amount  that  can  be  profitably  exiK-nded  in  fiscal  year  ending  Jane  30, 1;S^..     35,  UtJO  (<0 


M3. 
IMPEOVEMJEXT  OF  MISSOURI  RIVER  AT  ATCmSOX,  KANSAS. 

A  Rtirvey  of  this  locality  was  made  and  a  report,  with  plan  and  esti- 
mate, was  submit te<l  to  yon  on  the  3d  Janimry,  1878.  (Printed  in  Senate 
Ex.  Doc.  No.  3(),  Foiiy-fifth  Congress,  second  session.) 

The  extraonlinarj'  flood  now  prevailing  along  the  river  will  render  a 
resiirvey  necessarj'  to  determine  how  the  appropriation  for  the  present 
year  can  be  most  judiciously  expended.  As  soon  as  i>ossible  a  definite 
plan,  with  esthnates  for  continuing  the  work,  will  be  submitted  to  yon. 

Tbe  work  is  sitmated  in  the  collection-district  of  Xew  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Xel»r.     The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  collected  at  Omaha,  Xebr.,  during  the  fiscal  year  ending  Jnxw 
30,  1878,  wa«  ^,364.44. 

Money  statement 

Amount  appropriated  hv  act  approved  June  18,  1878.. -•. $20, 000  00 

July  1,  1878,  amount  available 20,000  00 

Amount  (estimated)  required  for  completion  of  existing  project .•  100, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880.  100, 000  00 


M4. 

IMPROVEMEXT  OF  MISSOURI  RIVER  OPPOSITE  SAIXT  JOSEPH,  MISSOUKI. 

The  allotment  of  810,000  for  this  work  from  the  general  appropriation 
for  improving  the  Mississippi,  Missouri,  and  Arkansas  Rivers  (act  ap- 
proved August  14, 1876)  was  expended  during  the  past  season  in  pro- 
tecting the  shore  near  the  dikes  already  in  place  and  in  strengthening 
the  dikes  themselves.  A  full  report  of  these  operations,  with  an  accom- 
panning  map,  was  submitted  to  you  May  29, 1878. 

During  the  present  season  it  is  proposed  to  carry  a  mattress  revetment 
along  the  exposed  shore  as  far  as  the  means  at  our  disposal  wiU  allow. 
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This  revetment  will  extend  from  4  feet  above  low-water  mark  to  sucli  a 
distance  along  the  bed  as  will  insure  against  luidermining. 

The  work  is  situatecl  in  tlie  coUectioii-district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha^  Nebr.     The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  n*venue  coUocted  at  Omaha,  Nebr.,  diuiug  liscal  year  ending  June  30, 
1878,  was  ^2,364.44. 

Money  statement. 

July  1,  1877,  amount  available $9,098  81 

Amount  appropriated  by  act  approved  June  18,  1878 50,000  00 

$59, 098  81 

July  1,  1878,  amount  expended  during  fiscal  year 9,098  81 

July  1,  1878,  amount  available 50,000  00 

Amount  (estimated)  recpiired  for  completion  of  existing  project 18, 000  (X) 

Amount  that  can  be  prolitably  exi)ended  in  fiscal  year  ending  June  30, 1880.       18, 000  00 


Ms. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  NEBRASKA  CITY,  NEBRASKA,  AND 

EASTPORT,  IOWA. 

The  allotment  of  $15,000  for  this  work  from  the  general  appropriation 
for  improving  Mississippi,  Missouri,  and  Arkansas  Rivers  (aet  approved 
August  14,  1870)  was  exi)ended  during  the  past  season  in  ao^ordance 
with  the  plan  set  forth  in  my  letter  of  May  22,  1877,  published  in  your 
Annual  Keport  for  1877,  Ai)pendix  M  4. 

The  small  amount  of  money  available  rendered  it  necessary  to  adopt 
some  cheap  and  temi>orary  style  of  construction  by  which  it  was  hoped 
that  some  useful  results  would  l>e  obtained.  It  had  l>een  pre\iously 
determined  that  the  cheapest  mode  of  eft'ecting  the  desired  improve- 
ment would  be  to  change  the  direction  of  the  channel  ciurient,  instead  of 
eiuleavoring  to  directly  protect  the  bank  which  was  being  eroded.  The 
amount  allotted  not  being  sufficient  to  justify  any  solid  construction,  it 
was  decided  to  build  a  floating  dike  from  the  Iowa  shore  at  the  head 
of  CoiM^land's  Bend,  a  detailed  descrii)tion  of  which  will  be  found  in 
the  appende<l  report  of  Mr.  JNIax  Boehmer,  assistant  engineer,  who  had 
charge  of  the  work. 

To  get  the  best  eifects'from  a  work  of  this  kind,  it  is  necessary  that  it 
should  be  in  position  during  a  flood  stage  of  the  river,  when  the  (luantity 
of  sediment  is  a  maxiuuim.  When  the  dike  was  built  the  season  was  so 
fur  advanced  that  the  river  was  at  a  log  stage,  and  there  was  no  rise  of 
importance  before  the  ice  began  mnning.  This,  of  course,  carried  away 
the  buoys  which  kept  the  dike  afloat  and  allowed  it  to  settle  on  the  bar 
that  it  had  formed.  An  examination  in  the  spring  showed  that  the 
brush  wa«  still  in  idace  and  exerting  a  marked  influence  on  the  direc- 
tion of  the  channel,  which  had  been  moved  quite  a  distance  in  the  direc- 
tion desired.  The  erosion  of  the  bank  near  tlie  dike  had  also  been  stoi)})ed. 
What  the  eftect  of  the  great  floo<l  now  prevailing  will  be  remains  to  b^ 
determined,  but  I  regard  the  results  obtained  last  fall  as  being  very  satis- 
factory. Under  more  favorable  conditions,  and  especially  vnt\\  longer 
experience  in  making  and  placing  the  so-called  weeds  of  which  this  dike 
was  composed,  I  think  that  very  valuable  results  can  be  obtained  on 
the  Missouri  at  comi)aratively  small  cost,  and  there  is  no  doubt  that,  as 
an  adjunct  to  morex>ermaiient  works,  the  system  is  susceptible  of  a  wide 
application. 
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Operations  during  the  coming  season  Trill  depend  ii]M)n  the  data  to  be 
obtained  by  a  resurrey  of  the  locality,  which  will  be  taken  in  hand  as 
soon  a6  iM>ssible.  As  soon  as  the  results  of  this  survey  are  available  a 
project  for  the  exix^nditnre  of  the  present  appropriation,  with  estimates 
for  contiiniing  the  work,  will  be  submitted  to  you. 

The  work  is  situated  in  the  collect  ion-district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr.     The  nearest  fort  is  at  Leavenworth,  Kann. 

Amount  of  revenue  oollecte<l  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  95, 
1878,  wa«  ^2,364.44. 

Money  statement. 

July  1,  1877,  amount  available $11,700  57 

Amount  appropriated  by  act  approved  Jiino  18,  1878,  viz : 
For  improving  the  Missouri  River  at  Nebraska 

City,  Nebr $20,000  00 

For  impn»ving  the  Miiwoiiri  River  at  Eastport, 

Iowa,  and  Nebraska  City,  Nebr 20, 000  00 

$40,000  00 

$51,700  57 

July  1, 1878,  amonnt  expended  during  fiscal  year 11,  7(M)  57 

Jnly  1, 1878,  amonnt  available * 40,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1880.       85, 000  OQ 


REPORT  OF  MR.  3^CAX  BOBIIMER,  ASStSTAKT  ENGIKESR. 

Saixt  Louis,  Mo.,  January  18,  1878. 

Major  :  I  have  the  honor  to  submit  the  following  as  a  final  report  on  the  work 
under  my  charge  at  Nebraska  City,  Nebr.,  during  J»lv,  August,  and  September,  1877. 

Tlie  novelty  of  the  method  employed  in  building  the  dike  warrants  a  more  detailed 
description  of  the  work,  and  makes  a  sununary  of  facts  and  fignros,  as  ol>«*rveil  dur- 
ing the  progress  of  the  work,  useful  for  future  reference  in  worts  of  a  similar  kincL 

I  therefore  beg  leave  to  submit  a  condensed *copy  of  my  previous  reports,  with  addi- 
tional data  of  imnortauce,  and  figures  arranged  in  shai)e  for  ea.^y  reference. 

The  dike  bnilt  is  the  first  one  of  a  system,  in t«nde<l  to  restore  the  harbor  and  riv^r 
iVoutage  to  Nebraska  City,  and  at  the  same  time  to  save  tlie  Iowa  shore  opposite;  fVon 
further  encroaclmient. 

Owing  to  the  small  amount  availalde  for  the  work,  it  was  thought  best  not  to  at- 
toiiipt  the  coiistruction  of  a  solid  dike,  but  to  adopt  a  plan  less  costly  in  the  shape 
of  a  floating  dike.  Orders  were  given,  therefore,  for  the  construction  of  «  dike  «f 
**  IJioxmlow  wewls,"  aff^r  the  pattern  of  works  of  the  same  order  built  on  the  rivets 
in  the  East  Indies  by  English  army  engineers.  The  weeds  derive  tlieir  name  from 
their  inventor,  Colonel  lirownlow,  R.  E.  A  description  of  this  system^  is  given  in  the 
*' Professional  Papers  on  Indian  Engineering"  (second  series),  April,  1875,  article 
No.  152,  "Rejiortcm  Sutlej  River  Tnviniug  Works,''  by  H.  C.  Graham,  esq.,  executite 
engineer. 

A  numljer  of  small  trees  or  a  lot  of  brush  is  tied  to  a  rope,  and  this  entire  Ijunch  » 
fastened  to  a  float,  anchored  in  tjie  stream  by  means  of  sacks  or  a  net-work  filled  wift 
brick  or  stone.  Wlien  first  put  in  this  brush  will  float,  but  gradually  collecting  eed^ 
ment,  its  lower  end  will  siuk  to  the  bottom,  while  the  upstream  end  is  held  np  by  ttte 
buoy,  the  whole  contrivance  thus  presenting  an  oljstruction  to  the  flow  from  the  fsat- 
face  to  the  bottom^  and  disturbing  every  thread  of  the  current  passing  through  il. 
The  intended  ettect  is  to  retard  the  current,  and  to  cause  a  partial  deposit  of  the  sed- 
iment carried  in  suspension  by  the  stream.  This,  done  on  a  large  scale,  will  creftle 
bars,  and  the  water  disi^laced  is  forced  to  take  the  new  chnnnel  designed  for  it  ont- 
side  of  the  obstruction.     [See  accompanying  sket^ch  No.  1.]  ' 

In  the  work  at  Nebraska  Cit^  a  change  was  made  in  the  construction  of  theec  weedf^ 
Instead  of  using  two  ropes,  as  in  the  onginal,  one  the  main  rope  with  the  brush,  and 
the  other  as  anchor-line,  the  relative  positions  of  the  parts  were  reversed,  and  one  rf 
the  ropes  dispenscnl  with  entii*ely,  by  tying  the  brush  to  the  anchor-line  direct.  [See 
accompanying  sketch  No.  2.  ] 

This  change  was  made,  not  only  for  economical  reasons,  but  alsOj  and  principally} 
because  a  cold  climate  made  such  change  necessary  to  prevent  the  ice  from  carrving 
away  the  entire  structure.  And  this  wnould  surely  "have  happened  if  the  original  pl«n 
had  been  ailhered  to.    A  glance  at  the  sketches  will  show  the  difference.    In  the  aid 
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plan  thp  ninninj^  ice  xronld  ctit  off  the  anchor-line,  and  consequently  carry  away  the 
onish  also,  while  in  the  changed  weed  the  ice  will  «imply  cnt  off  the  float  and  leave 
the  briwh  in  petition.  This,  of  course,  destroys  the  working  power  of  the  stnictnre  at 
once,  but  the  hnwh  remains  at  the  bottom,  and  this  not  only  prevents  subsequent 
floods  from  establishing  the  main  channel  in  that  part  of  the  river,  but  also  forms  a 
solid  foundation  for  the  work  of  the  following  setwon,  if  such  become  necessary. 

The  dike  was  constructed  in  the  following  manner:  I-^rst,  a  foundation  of  uubuoved 
weeds  was  laid,  for  the  douVde  ]mri)ose  of  securing  the  bottom  from  scouring  amt  of 
forming  a  nick  against  which  the  anchors  of  the  buoyed  weeds  would  catch.  This 
layer  avus  steadily  kept  in  advance  of  the  regular  weeds,  and  the  latter  were  put  in 
from  50  to  100  feet  above  it,  the  current  dragging  them  downstream  till  the  anchors 
caught  on  the  foundation.  It  was  found  that  without  these  siniken  weeds  to  hold 
upon  the  buoyed  ones  could  not  1k»  held  in  place  with  an  anchor  weighing  2,800  pounds 
in  15  feet  of  water  and  a  5-mile  current.  The  pull  of  the  current  on  these  weeds  was  so 
terrible  that,  in  spite  of  all  precautions,  21  out  of  a  total  of  669  weeds  were  dragged 
heyond  the  dike.  Some  of  these  landed  on  bars  more  than  a  mile  below,  although 
most  of  them  stopped  within  200  feet  in  the  dea<l  water  behind  the  dike. 

The  deepest  water  (the  main  channel  24  feet  deep)  was  reached  at  a  point  250  feet 
from  shore|  here  the  weeds  were  put  in  thickest,  but  without  visible  effect  upon  tlio 
channel.  The  dike  waa- continued  to  a  length  of  550  feet,  and  still  the  channel  re- 
mained in  the  same  place,  over  the  dike.  This  induced  me  to  fortify  the  dike  still 
more  throughout  its  entire  length,  antl  to  good  advantage,  I  think,  since  from  that 
time  the  water  shoaled  rapidly,  the  bars  gaining  10  feet  in  as  many  days  in  some 
places.  The  same  result,  periiaps,  would  have  been  brought  aboiit  bv  a  lighter  dike 
in  a  longer  8i)ace  of  time,  but  I  ae-emed  it  unsafe  to  try  it  in  this  case,  because  we  hjwl 
to  face  and  tuni  the  channel  itflelf.  Under  the  lee  of  the  channel,  I  think,  thc*»e  weeds 
can  l>e  used  in  smaller  numbers  with  perfect  success,  and  I  have  no  <loubt  that  in  some 
localities,  and  under  favorable  circumstances,  dikes  of  a  similar  khid  may  he  built  of 
half  the  strength  and  at  half  the  cost  of  the  one  at  Nebra.ska  City. 

We  built  out  to  a  distance  of  758  feet  from  shore,  and,  to  Judge  from  the  hea%'y  cut- 
ting of  the  bank  and  the  bars  opposite,  it  seems  plausible  to  assert  that  with  a  dike  of 
1,2(K)  feet  the  trhannel  would  have  been  turned  into  the  slough  on  the  Nebraska  side. 

When  the  work  was  abandoned,  a  cross-section  100  feet  below  the  dike  showed  less 
than  2  feet  of  water  for  one-half  and  less  than  5  feet  for  three-quarters  of  its  extent. 
Some  fissures  as  deep  as  the  channel  outside  of  the  dike,  but  narniw,  remained  here  and 
there,  and  these  corresponded  with  apparent  openings  in  the  dike,  where  the  water 
seemed  to  concentrate  and  run  at  greater  speed.  But  this  proved  to  be  deceiving,  since 
in  all  such  places  no  brea<'h  was  fiiund,  but  always  solid  bottom  in  less  tlian  4  i'eet  of 
water.  Such  fissures  hi  the  bar  Iwlow,  therefore,  were  not  caused  by  coiTesponding 
fissures  in  the  dike,  but  were  formed  simply  by  the  concentration  of  the  water  after  it 
had  passeil  tlie  rViki?'. 

The  suriace  of  tlie  water  al)o%'e  the  dike  when  finished  was  6f  inches  higher  than 
tliJit  Ijelow  it.  This  ehn'ation  was  plainly  >nsible  to  the  eye,  and  ])roved  to  be  a  safe 
guide  in  building  every  part  equally  strong.  Wherever  this  apx>eared  less  marked 
there  was  a  weak  place  in  the  dike,  and  niort^  weeds  were  put  in. 

To  judge  of  the  depth  by  the  velocity  of  the  current,  or  by  the  width  of  water-way 
between  the  brush  on  the  surface,  wa«  impossible,  since  the  water  nished  with  the  same 
or  even  greater  velocity  over  places  only  2  feet  <leep  as  through  breaches  10  feet  deep. 
Frequent  soundings  aiid  the  elevation  of  the  surface  were  the  only  true  guides.  I 
speak  of  this  because,  in  this  particular  structure,  wt^eds  thrown  into  shallow  jdaces  . 
are  weeds  wa«ted^  and  because  frequently  the  appearance  of  tlie  water  was  verj*  deceiv- 
ing, «Ti)parent  breaches  on  close  inspection  proving  to  be  the  verj"  strongest  places  in 
the  dike. 

The  bars  formed  below  the  dike  consisted  mainly  or  altogether  of  clay,  while  those 
above  invariably  were  com])osed  of  sand  only.  A  rise  in  the  river  of  4  inches  was  suffi- 
cient to  deepen  the  water  on  these  upper  bars  from  2  to  3  feet  in  (me  night  throughout 
their  entire  surfjice,  while  those  below  never  suftered  abrasion,  but  steadily  mlvanced 
in  breadth  and  in  heicht.  The  large  quantities  of  sand  which  on  such  occasions  were 
carried  through  the  mko  passed  on  beyond  without  visibly  adding  to  the  bars  below 
it.  This  sancf  must  have  all  been  carried  through  the  deep  .fissures  of  tlie  lower  bar, 
Ijccause  on  the  shallow  places  there  was  absolutely  no  current  whatever ;  an  eddy,  even, 
iu  some  instances. 

After  the  completion  of  the  work  a  watchman  was  left  to  guard  the  floats  from  being 
cut  off  and  stolen,  so  as  to  keep  the  dike  at  worlj:  aij  long  as  possible.  On  December  4, 
1877,  this  watchman  reported  tuat  the  ice  luicl  cut  away  all  the  floats,  but  that  the  bnisli 
remained,  and  that  the  bars  seemed  to  be  still  growing.  He  reported  that  to  cross  the 
river  in  a  skift*  from  the  Iowa  shore,  he  had  to  go  over  one-fourth  of  a  mile  below  the 
dike.  This  shows  that  the  bar  below  must  have  gained  at  least  600  feet  in  length  in  six 
weeks'  time. 

It  is  impossible  to  tell  the  permanent  effect  of  the  dike  until  after  the  next  high- 
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water  has  pftssed  over  it.  I  l>elieve  that  it  will  stand  the  pressure,  aud  it>»  resiHtanf-e 
may  pi-ove  Hutticient  to  throw  the  channel  where  it  is  designed  to  be,  through  the 
slough  on  the  Nebraska  side.  Tlie  amount  of  water  in  this  slough  ha<l  Wen  inen\i8ed 
7  per  cent,  during  the  work,  and  seemed  to  be  steadily,  though  very  slowly,  gaining. 
As  yet  the  main  ciiannel  passes  on  the  outside  of  the  dike  and  whips  back  to  the  Iowa 
shore  as  soon  as  the  bar  behiw  will  admit.  As  this  bar  is  steadily  advancing  down- 
stream, it  will  in  time  probably  result  in  keejiing  the  channel  away  from  the  Iowa 
shore  entirely.  But  this  is  not  enough.  The  lirst  dike  of  the  system  coutemplatisl 
must  throw  the  low- water  channel  into  the  Nebraska  slough  for  a  successful  executiou 
of  the  wholf  plan.  The  effect  of  the  next  high  water  must  b«'  awaited  b«'fore  it  can  bo 
decided  whetner  more  work  is  necessary  on  this  dike,  and  esi>ecially  whether  it  should 
be  extended  farther  into  the  stream. 

The  details  of  the  work  are  given  below  under  their  different  heads. 

Weeds  were  ma<le  out  of  rope^  50  feet  long,  40  fiM't  of  brush  length,  and  10  feet  of 
anchor-line.  The  rope  was  laid  on  the  ground  and  a  layer  of  brush  tied  to  it;  theu 
the  bunch  was  rolled  over  and  a  second  layer  added.  The  average  anuMint  of  brush  in 
each  weed  wjis  2.6  cords.  The  brush  was  tied  to  the  rope  with  oue  string  of  spun  yaru, 
equal  in  strength  to  about  four  strands  of  ordinary  rope. 

Ropes, — All  the  rope  used  was  "sisal  rope." 

Main  line  of  "foundation  weM" =|-iuch  diameter. 

Main  line  of  "buoyed  weed" =|-inch  diameter. 

Rope  around  float c=:|-inch  diameter. 

Buoy  tied  to  wee<l  with  =  double  ....• .=  i-iuch  diameter. 

Rope  around  sacks =|-iuch  diameter. 

Andicn-tf. — Anchor  to  "foundation  weed*'=s5  to  7  sacks  stone. 

Anchor  to  "buoyed  weed"  =  9  to  11  sacks  stone. 

Weight  of  single  sack  =  240  to  280  pounds. 

Average  anchor  =  19  cubic  feet  huise  rock  =  12.7  cubic  feet  solid  rock =2, 121  pounds. 

Floatff. — Sec<uid-hand  barrels  delivered  at ^i  25  eaclu 

Calked  l>oxi»8,  10  inches  by  16  indues  by  4  feet,  pine,  at 73  each. 

Calked  Imxes,  16  inches  by  16  inches  by  4  feet,  cotton  wood,  at 65  each. 

Buoyancy  of  float =400  poumlg. 

lirunhj  mostly  dogwood,  8  to  16  feet  long,  cost  =  81.05  per  cord, 

fStoue. — Bustanl  limestone,  weighiug  167  pounds  per  cubic  foot,  cost  =  81.85  per  cubic 
yard,  hxiw;.     Brouglit  in  small  flat-boats  from  the  opposite  shore,  one  mih;  above, 

JSuml>er  of  weeds  planted =       669 

Total  brush-length  of  weeds feet..   =27,142 

Cost  of  one  weed,  placed =^$11  «>^ 

Length  of  dike  built feet..  =       758 

Cords  of  brush  in  dike =   1,71W 

Cubic  yards  of  stone  in  anchors =       460 

Cost  of  linear  foot  of  dike =:$10  00 

NumlM^r  of  weeds  to  linear  foot  of  dike =     0.85 

Fall  of  surfjice  over  dike. 4 inches..   =         6J 

Greatest  effect  observed  i=  deposit  19  feet  deep  in  24  feet  of  water  in  6  weeks'  time. 

Strongest  current  in  river  =  4^  miles  per  hour;  strongest  current  over  dike  =  7  to  8 
miles. 

PEUCENTAGE    OF  COST  OF    DIKE-CON6TBUCTION   (EXCLUSIVE  OF   8UORE    PIIOTECTIOX). 

Per  cent 

Brush t»4 

Stone 11 

Kope 23 

Buoys , 4 

Boats,  tools  of  contingencies 10 

Labor  and  superintendence 26 

Total 100 

Very  respcctftilly, 

Max  Boehmkr, 
A99l8iant  Engineer, 
Maj.  Charles  R.  Suter, 

Corps  of  EngineerSj  U,  S,  A, 
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M6. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  OMAHA,  NEBRASKA,  AND  COUNCIL 

BLUFFS,  IOWA. 

A  report,  with  plan  and  estimates  for  carrying  on  work  at  this  local- 
ity', was  submitted  to  you  on  the  14th  of  December,  1877,  and  published 
in  Senate  Ex.  Doc.  No.  30,  Forty-fifth  Congress,  second  session. 

The  unusually  high  flood  now  prevailing  has  made  great  changes  in 
the  condition  of  affairs  here,  and  a  resurvey  has  been  ordered  to  deter- 
mine whether  a  modification  of  the  original  plan  will  not  be  necessary. 
As  soon  as  I  have  the  results  of  this  survey,  a  plan  will  be  submitted 
to  yon  for  the  expenditure  of  the  present  appropriations,  as  well  as  es- 
timates for  continuing  the  work,  if  necessary. 

The  work  is  situated  in  the  collection-district  of  New  Orleans,  and  the  nearest  port 
of  deliver^'  is  Omaha,  Nebr.     The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revemie  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
1878,  was  $2,364.44. 

Money  statement 

Amount  appropriated  by  atet  ajyproved  June  18,  1878,  viz  : 
For  improvement  of  the  Missouri  River  at  Council  Bluffs,  Iowa, 

and  Omaha,  Nebr $50,000  00 

For  imx)rovement  of  the  Missouri  River  at  Omaha  City,  Nebr..     30, 000  00 

180,000  00 

July  1, 1878,  amount  available 80,000  00 

Amount  (estimated)  reouire4  for  completion  of  existing  project 130, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .     130, 000  00 


M7. 

IMPROVING  MISSOURI  RIVER  AT  SIOUX  CITY,  IOWA. 

A  sim^ey  at  this  locality  was  ma<le  under  my  direction,  at  the  expense 
of  tlie  city,  and  a  rei)ort  with  plan  and  estimate  submitted  to  you  on 
the  23d  of  May,  1878. 

A  resurvey  will  be  needed  as  soon  as  the  present  flood  subsides,  to 
ascertain  whether  any  change  of  plan  will  be  necessary  before  commenc- 
ing the  exi)enditure  of  the  present  appropriation.  When  this  survey  i» 
completed,  estimates  for  carrying  on  the  work,  if  necessary,  will  be  sul> 
mitted  to  you. 

The  work  is  situated  in  the  collection-district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr.    The  nearest  fort  is  Fort  Randall,  Dak. 

Amount  of  revenue  collected  at  Omahl^  Nebr.,  during  fiscal  year  ending  June  30^. 
1878,  was  $2,364.44. 

Money  statement 

Amount  appropriated  bv  act  approved  June  18,  1878 f  12, 500  00' 

July  1,  1878,  amount  avaUable 12,500  (K)- 

Amount  (estimated)  required  for  completion  of  existing  project 33, 774  OO' 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.     X^,  800  00 

43e 
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M8. 

SURVEY  OF  MlSSOinil  RIVER  FROM  ITS  MOUTH  TO  SIOUX  CITY,  AND 
ESTIMATES  FOR  THE  IMPROVEMENT  AND  MAINTENANCE  OF  ITS  NA\a- 
GATION. 

A  plan  for  carrying  on  this  work  by  making  a  thorough  and  compre- 
hensive purvey  was  submitted  to  you,  and,  having  been  approved,  the 
party  will  be  put  in  the  field  as  soon  as  practicable.  It  is  exi)ected  that 
the  present  appropriation  will  be  sufficient  to  carry  the  sun^ey  fix)m 
Leavenworth,  Kans.,  to  the  mouth  of  the  Missouri,  leaving  the  upper 
I)ortion  to  be  provided  for  by  further  appropriations. 

Money  statement 

Amoant  appropriated  by  act  approved  June  18,  1878 $50, 000  00 

July  1,  1878,  ainoiint  available 50, 000  00 

Amount  (e»timated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  iine  30, 1880 .  50, 000  00 


Mg. 

IMPROVEMENT  OF  ARKANSAS  RIVER  AT  FORT  SMITH,  ARKANSAS. 

The  plan  proposed  by  me  for  work  at  this  place  in  my  letter  of  August 
15,  1877,  having  been  approved,  work  was  begun  as  soon  as  iwssible  and 
prosecuted  as  opportunity  afforded  until  the  funds  allotted,  $10,000, 
were  exhausted. 

The  works  consist  of  a  dike  of  brush  and  stone  projecting  1,100  feet 
ftom  the  left  bank  above  the  mouth  of  Poteau  Ki ver.  From  its  outer  end  a 
longitudinal  dike  extends  down  stream  600  feet,  the  object  desired  being 
to  carry  the  main  channel  to  the  right  bank  ne^r  the  Poteau,  to  deepeu 
the  crossing  over  the  bar.  and  to  render  the  landing  at  Fort  Smith  ac- 
cessible to  steamboats  at  low  water.  For  full  details  of  these  operations, 
accompanied  by  maps  and  plans,  I  beg  to  refer  to  the  annexed  i'ei>ort  of 
Capt.  D.  W.  Wellman,  assistant  engineer,  w  ho,  with  Mr.  J.  H.  Curtis  as 
assistant,  had  charge  of  the  work. 

In  order  to  test  as  speedily  as  possible  the  effect  likely  to  be  produced, 
the  height  and  w  idth  of  the  dike  were  kept  at  a  minimum,  but  they  have 
w  ithstood  a  very  heavy  and  long-continu^  flood  without  serious  damage. 
During  the  coming  season  it  is  projwsed  to  widen  the  dam  and  strengthen 
it,  when  necessaiy ;  also,  to  raise  the-  crest  3  feet,  so  as  to  give  it  a  uni- 
form height  of  8  feet  above  low  water.  The  slant  will  be  lengthened  400 
feet.  When  this  work  is  completed,  it  is  believed  that  the  end  pro- 
IK)sed  will  be  accomplished,  and  it  is  not  anticipated  that  any  fiirtiier 
appropriation  will  be  required. 

This  work  is  situated  in  the  coUectiou-district  of  New  Orleans.  The  nearest  port  of 
delivery  is  Memphis,  Tenn.,  and  the  nearest  fort  is  Fort  Smith,  Ark. 

Tlie  amount  of  revenoe  collected  at  Memphis,  Tenn.,  during  tiscal  year  ending  June 
30,  1878,  was  $27,734.43. 

Money  statefnent, 

July  1,  1877,  amount  available |S9,695  49 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$19, 695  49 

July  1,  1878,  amount  expended  during  fiscal  year 9, 695  49 

July  1,  1878,  amount  available 10,000  00 
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report  of  capt.  d.  w.  wellman,  assistant  engineer. 

United  States  Engineer  Office, 

Saint  Loui8,  Mo,,  May  31,  1878. 

Major  :  I  have  the  honor  to  Biibmit  the  following  report  in  regard  to  the  work 
under  my  charge  on  the  Arkansas  River  at  Fort  Smith,  Ark. 

^  The  object  of  the  work  at  this  place  is  the  removal  of  a  sand-bar  in  the  river  in  front 
of  the  town  of  Fort  Smith,  or  so  much  of  it  as  will  permit  the  approach  of  steamboats  to 
the  landing  in  low  water,  and  secure  a  direct  ferry  crossing.  Heretofore,  for  years,  in 
low  stages,  steamboats  c<nild  not  come  within  1^^  miles  of  the  landing,  and  in  crossing 
the  river  it  has  been  necessary  to  ferry  across  two  channels  besides  hauling  a  quarter 
of  a  mile  over  the  bar. 

In  the  months  of  May  and  Jnne,  1877,  a  survey  of  the  locality  was  made,  a  plan  of 
improvement  submitted,  which  was  approved,  and,  in  October,  work  was  commenced. 
The  season  proved  to  be  one  of  unusually  high  water,  which  greatly  delayed  progress, 
so  that  it  was  not  until  the  end  of  March  last  that  the  funds  available  for  the  work 
were  expended. 

The  work  consists  of  a  dike  of  brush  and  stone  built  out  from  the  left-hand  shore 
nearly  at  a  right  angle  with  it  and  opposite  the  head  of  the  bar.  It  is  extended  in 
that  direction  1»10()  feet,  from  whence  it  nins  dowTi  the  stream  parallel  with  its  axis 
for  a  distance  of  600  feet,  and  on  to  the  head  of  the  original  bar.  This  part  of  the 
dike  lying  parallel  with  the  stream  is  designated  as  the  "  slant."  The  dike  is  similar 
to  those  used  by  Col.  D.  C.  Houston,  Cori)8  of  Engineers,  U.  S.  A.,  in  the  improvement 
of  the  Wisconsin  River,  and  is  built  principally  in  the  manner  described  in  his  report 
dated  December  25,  1875  (Rei^rt  of  Chief  of  Engineers  for  1876.  Part  2,  pages  402-406). 
The  shore  protection  is  100  feet  long,  lying  50  feet  above  and  50  feet  below  the  line  of 
the  dike,  and  is  carried  up  nearly  ^  feet  above  low-water  mark,  and  within  5  or  6  feet 
of  high  water. 

At  the  commencement,  the  brush  for  the  dike  was  made  into  mat's  by  Colonel 
Houston^s  method — flrst  making  it  into  fascines  and  then  binding  the  fascines  into  mats, 
but  later  the  making  of  fascines  was  abandoned  as  unnecessarily  expensive,  and  the 
brush  made  directly  into  mats  in  the  following  manner : 

Four  stakes,  2  to  3  inches  in  diameter,  were  driven  firmly  into  the  ground,  forming 
a  parallelogram  the  short  sides  of  which  were  4ifeet  and  the  long  sides  4^  to  6  feet  iu 
length,  depending  on  the  kind  of  brush  obtainable  in  the  vicinity,  the  tops  of  the 
stakes  being  left  about  2\  feet  above  the  ground.  Inside  of  this  parallelogram,  and 
touching  the  stakes,  were  laid  parallel  witii  the  lone  sides  2  straight  logs,  4  to  6  inches 
iu  diainet<?r  and  6  or  7  feet  long.  Across  these  Togs,  in  suitable  notches,  near  the 
stakes,  were  laid  the  under  bands  or  binding  poles  of  the  mat  (see  Figure  1.  accompa- 
nying plate).  Brush  was  then  laid  on  the  bauds  between  the  stakes  until  sufficient 
was  had  for  a  mat,  care  bein^  taken  to  keep  the  brush  parallel  and  well  up  against 
the  stakes  to  insure  uniformity  of  thickness.  The  top  bands  were  then  laid  on  and 
bound  down  in  the  same  manner  as  described  in  the  report  alluded  to,  except  that  the 
sides  were  not  passed  in,  they  being  held  in  the  proper  place  by  the  stakes.  Figure  2 
shows  a  mat  in  the  frame  ready  for  binding.  These  mats  were  4^  feet  wide  and  1  foot 
iu  thickness,  and  contained  fully  twice  the  amouut  of  brush  per  mat  as  those  made 
from  fascines,  which  were  2^  to  3  feet  wide  and  7  to  9  inches  thick.  The  cost  of  the 
two  kinds  per  mat  was  about  the  same,  showing  a  decided  difference  in  favor  of  the 
larger  mats.  For  these  mats  almost  any  kind  of  brush — coarse,  crooked,  and  even  a 
mixture  of  thoniy — can  be  used,  whereas  fascines  require  brush  that  is  reasonably 
straight  and  pliable  and  free  from  thorns.  Another  advantage  of  the  larger  mats  over 
the  smaller  ones  is  in  the  saving  on  stone.  In  sinking  the  larger  mats,  especially  in 
deep  water,  much  less  stone  is  wasted  by  being  carried  clear  of  the  mat  by  the  current 
before  reaching  bottom. 

At  your  request,  made  in  February  last,  an  experiment  was  tried,  principally  with 
a  view  to  test  the  economy  of  making  the  brush  into  large  mattresses,  2  or  3  feet  in 
thickness,  and  floating  them  to  place.  At  that  time  there  was  only  one  place  in  the 
line  of  the  dike,  and  that  less  than  100  feet  long,  where  a  mattress  3  feet  thick  could 
be  placed,  the  dike  being  then  pretty  well  along,  and  through  this  contracted  space 
the  water  was  pouring  at  the  rate,  it  was  estimated,  of  3|  miles  per  hour.  A  mat- 
tress was,  however,  made,  50  by  20  feet  and  3  feet  in  thickness  inside  the  binding- 
IKjles.  It  drew,  when  finished,  not  less  than  4  feet  of  water,  only  the  upper  binding- 
]>oles  being  out  of  water  when  afloat.  The  manner  of  constructing  the  mattress  was 
as  follows: 

A  place  was  selected  on  the  river-bank,  2  miles  above  the  dike,  where  deep  water 
could  be  found  close  to  shore  and  where  little  shaping  of  the  bank  was  necessary. 
Four  cottonwoo<l  poles,  25  feet  lonjjj  and  6  to  8  inches  in  diamet'Cr,  to  be  used  as  ways 
lV»r  launching  the  mattress,  were  laid  end  to  the  stream  and  12^  feet  apart,  and  inclined 
toward  the  water  at  an  angle  of  20  or  25  degrees.  Five  binding-poles,  20  feet  long  and 
4  to  6  inches  in  diameter,  were  then  laid  12^  feet  apart,  parallel  "WvlVi  t.\i<fe  ^«h^^,  *iiXi^ 
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alternating  with  them,  the  outer  poles  being  placed  about  6  feet  outside  the  two  end 
ways,  and  were  bl€>cked  up  so  that  their  upper  surfaces  came  even  with  the  upjier 
surface  of  the  ways.  Through  each  of  these  binding-poles  were  put— -one  near 
each  end  and  one  in  the  middle — 3  2-inch  pins,  of  the  kind  known  amon^  lum- 
bermen as  "gnibs."  They  are  simply  a  pin  with  a  head,  and  are  made  tttim  a 
green  sapling,  the  head  being  formed  from  a  portion  of  the  root,  which  is  left  on 
m  cutting  the  sapling,  and  are  put  in  from  the  under  side.  In  this  case  the  grubs 
were  4  to  5  feet  long.  Poles,  3  to  4  inches  in  diameter  and  about  28  feet  long, 
were  then  laid  across  the  binding-poles  and  along  the  lines  of  the  grubs,  la]>ping  pa*^ 
each  other  4  or  5  feet  in  the  middle.  Some  of  these  ]K)les  were  bored  and  slipped  onto 
the  gnibs  at  the  ends  and  middle  to  hold  the  mattress  from  pulling  apart  lengthways, 
and  all  the  intersections  bound  tightly  with  fence-wire ;  also  the  poles  where  they 
lapped  in  the  middle  were  wired  together,  the  whole  making  a  very  strong  frame,  into 
winch  brush  was  piled,  first  across  the  last-laid  poles  for  about  a  foot  in  thickness; 
then  a  layer  in  the  other  directicm,  and  finishing  with  another  cross-layer  on  toj*. 
Poles  were  then  laid  on  the  top,  corresponding  to  those  on  the  Imttom,  the  longer  ones 
first  and  the  shorter  ones  last,  some  of  thfe  longer  and  all  of  the  shorter  poles  lieing 
lM>red  and  slipped  onto  the  grubs,  and  the  whole  bound  down  and  strongly  wedged. 
Figure  3  of  the  plate  shows  manner  of  making  the  frame  arrangement  of  the  brush  and 
method  of  binding.  It  was  then  launched  by  slipping  it  ott'  the  ways  with  hand-spikes, 
fastened  to  a  scow,  and  floated  to  place.  Some  ditticulty  was  exp(?rienced  in  floating 
it  down  the  channel  along  which  it  was  obliged  to  betaken;  being  shallow,  it  grounded 
several  times  and  had  to  be  pulled  over  with  a  capstan  on  one  of  the  stone-barges. 
Great  care  was  taken  as  it  approached  the  dike  to  guard  against  its  l>eing  carried  over 
by  the  current.  The  side  of  the  mattress  which  was  to  lie  up  stream  when  in  phice 
was  brought  alongside  the  scow  and  raised  by  means  of  lines  and  levers  as  much  as 
possible  out  of  the  water,  in  order  to  present  the  least  surfa<;e  to  the  current,  and  firmly 
lashed  to  the  scow.  It  was  then  slowly  let  down  into  position,  but,  notwithstaudinjf 
the  precautions  taken  at  the  first  trial,  the  anchorage  gave  way,  and  the  umttreissand 
scow  went  over  the  dike.  It  was,  however,  readily  landed  just  below,  and  the  next 
day,  there  having  been  over  night  a  rise  of  about  a  foot  in  the  Pot<^a^,  without  a  cor- 
responding one  in  the  Arkansas,  and  which  conse(|uently  had  a  tendency  to  slacken 
the  current  at  the  dike,  it  was  hauled  back,  additional  anchors  put  out,  and  the  mat- 
tress sunk  in  its  place  without  further  ditticulty.  In  addition  to  the  lashings  to  hold 
the  up-stream  edge  out  of  the  water,  lines  were  run  from  the  scow  to  the  down-stream 
side,  for  the  piu^^ose  of  preventing  any  movement  of  the  mattress  down  the  stream 
when  the  upjier  lashings  were  cut  to  allow  it  to  sink.  The  stone  for  sinking  it  were 
placed  on  the  scow  to  which  the  mattress  was  attached,  and,  when  in  position,  were 
thrown  onto  the  mattress,  loading  heaviest  on  the  up-stream  edge,  until  the  bishing 
showed  signs  of  giving  way,  when  they  were  cut  simultaneously,  and  it  went  to  the 
bottom. 

The  cost  of  this  mattress  in  place,  not  including  cost  of  stone,  engineering,  and 
expense  of  foreman  and  boatman,  who  were  engaged  on  other  work  in  the  mean  time, 
was  as  follows : 

Labor  on  mattress $29  50 

Wire 1  W 

Rope  for  lashing  (cut  and  lost) 2  (X) 

Labor  and  boats  towing  to  place  and  sinking ^.. ..     25  d) 

Total 57  oi» 

or  1.9  cents  per  cubic  foot. 

The  cost  of  a  mat  4^  by  10  by  1  foot  placed  in  the  dike,  leaving  out  the  same  items  of 
exjiense  as  above,  does  not  exceed  70  cents ;  or  less  than  1.6  cents  per  cubic  foot. 

It  is  probable,  nowever,  that  the  cost  of  the  large  mattress  was  in  excess  of  what 
would  be  the  average  cost  of  a  largo  number  where  the  proper  preparation  could  be 
made  for  working  to  advantage.  The  proportion  of  stone  also  required  with  the  large 
mattresses  is  considera'bly  less  than  with  small  mats,  but  the  small  amount  of  work 
done  does  not  give  suflicieut  data  to  enable  a  reliable  comparison  to  be  ma^le.  For 
extensive  works  in  deep  water  and  moderate  current  I  have  no  doubt  that  with  proper 
appliances  for  handling  the  large  mattresses  would  be  the  best  and  cheapest,  but  for 
light  works,  in  a  shallow  stream  like  the  Arkansas,  I  consider  the  small  mats  preferable. 

Besides  the  large  mattress,  there  were  placed  in  the  dike  2,497  mats  of  the  smallest 
size  mentioned  above,  645  mats  of  the  larger  size,  and  1,053.24  tons  of  stone.  Its  total 
length,  calling  the  snore  protection  equivalent  to  100  feet  of  dike,  is  1,800  feet,  and 
average  height  about  5  feet.  The  stone  was  purchased  at  $2  per  ton,  aelivered  on  barges 
at  the  dike.  The  mat«  were  made  chiefly  by  day's  work ;  a  few  were  purchased  ready 
made,  at  30  and  35  cents  each.  Ten  dollars  per  barge-load  was  paid  for  loading  and 
transporting  mats  to  the  dike ;  the  average  number  of  mats  in  a  load  was  78.  The 
price  paid  for  stone  and  transportation  of  mats  included  the  use  of  barges  on  the 
work,  with  necessary  rigging,  anchors,  lines,  &c. 
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The  totnl  amount  expended  on  the  dike,  firom  the  commencement  of  the  work  in 
October,  1877,  up  to  March  31,  1878,  was  $7,053,  making  the  cost  per  linear  foot  $3.92. 

The  accompanying  maps,  Nos.  1  and  2,  show  the  location  and  the  progress  of  the  work, 
together  with  its  condition  March  25,  1878^  and  the  effect  j)roduced  on  the  bar  up  to 
that  date.  A  cross-section  of  the  dike,  designed  to  represent  its  general  construction 
and  the  deposits  of  sand  above  and  below  the  main  dike,  which  in  several  places  accu- 
mulated as  fast  as  the  dike  was  raised,  is  also  shown. 

As  was  anticipated,  the  eftect  of  the  works  has  been  to  carry  away  the  upper  end  of 
the  bar,  and  the  main  channel  of  the  river,  which  before  the  commencemeut  of  the 
work  crossed  from  the  right  to  the  left  bank  above  the  site  of  the  dike,  now  crosses  a 
quarter  of  a  mile  farther  down,  enabliug  the  ferry-boat  to  cross  directly  from  the 
mouth  of  the  Poteau.  This  change  took  place  principally  during  two  floods,  of  a  few 
days*  duration  each,  which  occurred  in  January  and  February  last.  There  has  been 
a  heavy  rise  recently  in  the  river,  but  what  further  change,  if  any,  has  been  made  I 
am  not  informed. 

It  is  desirable  that  this  scouring  away  of  the  bar  should  continue  until  the  main 
chauuel  crossing  is  brought  down  to  nearly  opposite  the  public  landing.  It  is  believed 
that  when  this  is  accomidished  the  nature  and  conformation  of  the  shore  above  the 
landing  will  render  the  channel  permanent.  It  is  probable  that  the  slant  of  the  dike 
may  have  to  be  continued  down  the  stream  before  suflicient  of  the  bar  will  scour  away 
to  eftect  this,  but  just  how  much  cannot  be  determined  until  the  full  eftect  produced 
by  the  work  in  its  present  condition  can  be  observed. 

As  stated  in  my  report  on  the  conditicm  of  the  work,  dated  February  21,  1878,  the 
dike  has  been  made  as  thin  as  was  thought  prudent,  in  order,  with  the  means  at  com- 
mand, to  raise  it  as  high  as  possible  so  that  an  immediate  eftect  might  be  i>roduced  by 
the  ehauged  current. 

During  the  whole  of  the  month  of  Febmaiy  and  until  the  middle  of  March  the 
water  did  uot  get  below  9  feet  of  the  gauge,  so  that  the  last  of  the  mats  were  laid  in 
from  2  to  8  feet  of  water.  The  conse(|uence  is  .that  the  top  of  the  dike  is  uneven  and 
has  doubtless  many  weak  places.  It  should  be  raised  and  strengthened  and  finished 
with  a  face  mat  as  shown  in  the  cross-section  of  the  dike  throughout  its  whole  length. 
At  present,  face  mats  are  laid  only  on  the  lower  portion  of  the  slant,  and  a  short  dis- 
tance on  the  main  dike  at  the  angle.  The  dike  should  be  finished  when  the  top  is 
aV»ove  water,  so  that  it  can  be  ma<le  level  and  uniform  and  all  interstices  filled  with 
small  brush  and  stone.  It  may  also  be  found  necessary,  in  order  to  secure  a  more 
direct  crossing  of  the  channel  over  the  bar  and  guard  against  possible  change  in  its 
dire<;tion,  to  build  a  short  dike  out  from  the  right  bank  below  the  steamboat-landing. 
This  necessity  cannot  well  be  determined  until  the  slant  has  been  lengthened  and  the 
channel  has  had  time  to  establish  its  bed. 

I  desire  in  this  to  acknowledge  my  indebtedness  to  Mr.  E.  C.  Hinman,  of  Portage 
City,  Wis.,  who  for  several  years  has  had  charge,  under  Colonel  Houston,  of  the  con- 
struction of  similar  dikes  on  the  Wisconsin  River,  for  valuable  suggestions  and  ad\nce 
iu  regard  both  to  the  location  and  construction  of  this  work.  I  am  also  in<lebted  to 
Mr.  John  H.  Curtis,  my  assistant,  for  etficient  and  intelligent  co-operation,  and  to  Mr. 
Duncan  McCauslin,  foreman  of  construction,  for  gi*eat  energy,  activity,  and  zeal  iu  the 
discharge  of  his  duties. 

Very  respectfully,  your  obedient  servant, 

D.  W.  Wellman, 
Aasistunt  Engineer, 

Maj.  Chas.  R.  Suter, 

Corps  of  Engineers,  U.  S,  A. 


M  10. 

IMPROVEMENT  OF  WHITE  RIVER  AT  BUITALO  SHOALS,  ARKANSAS. 

At  the  date  of  the  last  annual  report  a  survey  was  in  progress  at  this 
locality;  upon  its  completion  a  plan  for  the  expenditure  of  the  $10,000 
appropriated  by  act  approved  August  14, 1870,  was  submitted  September 
3,  1877,  and  approved  by  you. 

This  plan  contemplated  the  construction  of  7  spur-dikes  of  stone,  so 
located  as  to  pond  up  ihe  water  on  the  places  of  least  depth,  and  also 
the  removal  of  rock  and  bowlders  from  a  channel  of  200  feet  in  width. 
This  shoal  is  a  rapid  about  IJ  miles  long.  The  fall  is  7.1  feet  per  mile, 
and  the  low  water  depth  is  6  inches. 
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Much  delay  was  experienced  owing  to  the  continued  high  water,  and 
also  on  account  of  the  difficulty  of  procuring  labor  in  the  neighborhood. 
Owing  to  these  delays  the  cost  of  the  work  was  greatly  increased.  Only 
three  of  the  dikes  proposed  have  been  completed,  but  the  results  obtained 
have  been  very  satisfactory.  The  work  of  clearing  out  loose  rocks  fix)m 
the  channel  is  now  in  progress,  and  will  be  continu^  until  the  remaining 
balance  of  the  appropriation  is  expended.  It  is  much  to  be  regretted 
that  the  failure  of  Cougress  to  renew  this  appropriation  will  necessitate 
leaving  the  work  in  an  incomplete  state.  At  present  this  shoal  is  the 
gauge  for  the  navigation  of  the  upi)er  portion  of  White  River,  and  if 
improved  would  materially  benefit  the  inhabitants  of  the  adjacent 
country.  It  is  e^stimated  that  to  complete  the  work  as  proposed  will 
require  $10,000,  which  can  all  be  expended  in  one  season. 

For  fiiU  details  of  the  work  I  beg  leave  to  refer  to  the  rei)ort  of  Capt. 
D.  W.  Wellman,  assistant  engineer,  who,  with  Capt.  J.  D.  McKown  a^ 
assistant,  had  charge  of  the  improvement. 

New  Orleans  is  the  collection-district  in  which  the  work  is  situated,  and  the  nearest 
port  of  delivery  is  Memphis,  Tenu.   Fort  Smith,  Ark.,  is  the  nearest  fort. 

The  amount  of  revenue  collected  at  Memphis,  Tenn.,  during  the  fiscal  year  ending 
June  30,  1878,  was  |87,734.43. 

The  commerce  of  the  country  adjacent  to  the  river  is  comraensurahly  large  to  the 
existing  facilities  for  transportation.  Its  amount  cannot  be  even  efttimat<Ml,  as  much 
is  transported  by  teams  from  the  upper  country  to  stations  on  the  Saint  Loais  and  San 
Francisco  Railroad. 

Money  statement 

July  1,  1877,  amoimt  available $9,  816  67 

July  1,  1878,  amount  expended  during  fiscal  year 8,140  17 

July  1,  1878,  amount  available 1,676  50 

Amount  (estimated)  require<l  for  completion  of  existing  project 10,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     10,  000  00 


report  of  captain  d.  w.  wellman,  assistant  engineer. 

United  States  Engineer  Office, 

Saint  LouiSy  Mo,,  June  30,  1878. 

Major  :  I  have  the  honor  to  submit  the  following  report  regarding  the  improvement 
at  Buffalo  Shoals,  on  White  River,  Arkansas,  for  the  fiscal  year  ending  June  30, 187??, 

Buffalo  Shoals  is  a  wide  rajtid  about  6,500  feet  in  length,  the  water  flowing  over  a 
solid  rock  bottom,  and  falling  at  the  rate  of  7.1  per  mile.  The  obstructions  to  navi- 
gation are  the  shallow  water  occasioned  by  the  swift  current  and  extra  width  of 
river,  and  large  detached  masses  of  rock  scattered  over  the  bottom. 

In  June  and  July,  1877,  a  survey  of  the  locality  was  made,  and  a  plan  of  improve- 
ment submitted,  which  was  approved,  and  in  October  a  small  party,  under  charge  of 
J.  D.  McKown,  assistant,  was  sent  up  to  commence  the  work.  They  arrived  on  the 
ground  on  the  last  of  the  month,  and  began  preparations,  but,  owing  to  delays  occa- 
sioned partly  by  the  difficulty  of  i)rocuring  labor  and  team-work  in  that  sparsely  set- 
tled country,  but  principally  by  high  water  which  prevent-ed  any  attempt  at  work  in 
the  river  for  several  weeks,  it  was  not  until  the  20th  of  December  that  the  work  of  the 
Improvement  was  actuiilly  commenced.  In  the  mean  time,  however,  material  for  the 
dikes  had  been  accumulated  on  shore  to  some  extent. 

The  plan  of  improvement,  as  decided  on,  was  to  clear  a  channel  200  feet  wide  of  the 
loose  rocks,  and  to  raise  the  water  on  some  of  the  most  shallow  places  by  means  of 
loose  stone  dikes  built  out  from  the  shore. 

It  was  the  intention  to  first  clear  the  channel  of  loose  rocks,  but  the  water  remained 
so  high  that  at  no  time  during  the  vear  was  it  possible  to  do  anything  at  that  work, 
and  attention  was  accordingly  tume(i  to  building  the  dikes;  but,  on  a<?count  of  delays 
from  the  unprecedentedly  high  water  during  the  whole  winter  and  spring,  only  three 
of  the  dikes  have  been  completed. 

On  the  accompanying  map,  reduced  from  the  map  of  the  survey  of  1877,  the  full 
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black  lines  show  the  location  of  the  dikes  completed,  and  the  dotted  lines  those  pro- 
posed. The  broken  line  alonf^  the  bed  of  the  stream  shows  location  of  the  channel  it 
IS  proposed  to  clear^  and  is  pnncipally  along  the  present  deep-water  channel.         '^,  * 

The  dikes  are  built  of  loose  stone,  laid  as  compactly  as  nracticable^  in  1  to  6  feet  of 
water,  and  as  large  as  could  conveniently  be  ^ot  and  iiandled. 

Dike  No.  1  is  170  feet  long,  and  finished  with  a  T  at  the  end.  It  is  4  feet  wide  on 
t^p,  slope  of  the  npstream  side  1  to  1,  and  2  to  1  on  the  downstream  side,  and  is 
about  6  feet  high,  tne  top  being  3  feet  above  low  water. 

Dike  No.  2  is  275  feet  long,  4  feet  wide  on  top,  slopes  same  as  in  No.  1,  and  3i  feet 
high,  being  3  feet  above  low  water.  When  this  dike  was  completed  the  water  on  the 
upper  side  stood  even  with  the  top ;  the  difference  of  level  of  the  water  above  and  be- 
low the  dike  was  then  2.6  feet.  I  saw  it  at  a  subsequent  period  when  the  water  in 
the  river  was  withiu  a  foot  of  low  water,  and  estimated  the  difference  of  level  above 
and  below  the  dike  at  1.5  feet. 

Steamboatraen  are  particularly  pleased  with  the  effect  of  this  dike,  it  having  raised 
the  water  in  low  stages  at  least  a  f(X)t  on  the  most  difficult  phice  to  pass  on  the  shoals. 

Dike  No.  4  is  110  feet  long  and  built  in  the  same  manner  as  Nos.  1  and  2.  The  last 
dike  (No.  4)  was  linished  in  March  last,  and  soon  aftei*  a  rise  of  over  20  feet  occurred  in 
the  river.  Dikes  Nos.  1  and  4  stood  perfectly.  On  No.  2  some  of  the  top  stones  were 
moved  by  the  heavy  drift  which  was  carried  over  it  by  a  very  strong  current.  These 
are  being  replaced  with  the  largest  stone  that  can  be  handled. 

The  cost  of  the  work  alrea<ly  done  has  considerably  exceeded  the  expectation,  prin- 
cipally owing  to  the  delays  alrea<ly  mentioned  and  partly  to  an  underestimate  of  the 
cost  of  procuring  stone  and  placing  it  in  the  dike.  It  was  supposed  that  stone  could 
be  hauled  by  teams  aloug  the  lines  of  most  of  the  dikes,  but  this  was  found  impossible 
(except  for  a  few  days)  on  account  of  high  water.  As  it  was,  most  of  the  stone  ha<l  to 
be  hauled  to  the  bank,  and  then  loaded  on  a  scow  and  taken  to  the  site  of  the  dike.  The 
tremendous  current  most  of  the  time  also  rendered  the  handling  of  the  scow  very  slow 
and  difficult. 

On  the  31st  of  March,  finding  the  funds  remaining  barely  sufficient  for  clearing  the 
channel  of  the  worst  bowlders  when  the  river  should  fall,  all  work  was  suspended. 

On  the  Ist  of  the  present  month  Mr.  McKown,  assistant,  again  started  for  the  shoals 
to  commence  the  work  of  clearing  the  channel,  but  up  to  this  date  the  water  has  been 
too  high  to  allow  anything  to  be  done. 

From  the  cost  of  the  work  already  done,  I  estimate  that  to  complete  the 

dikes  proposed  will  require  the  sum  of |7,  000  00 

For  clearing  channel  of  loose  rock 1,500  00 

Also  for  blasting  on  ledges  to  make  a  uniform  channel  over  the  shoals  at 

ordinary  boating  stages  of  2^  feet 1, 500  00 

Total 10,000  00 

In  the  estimate  here  made,  only  such  improvement  of  the  shoals  is  contemplated  as. 
vdU  bring  them  to  a  condition  similar  to  that  of  the  river  above  and  below.  Further- 
than  that  it  vrill  be  useless  to  expend  money  until  a  comprehensive  system  of  improve- 
ment for  the  whole  river  is  undertaken. 

Very  respectfully,  your  obedient  servant, 

D.  W.  Wellmax^ 

Assintant  Engineer, 

Maj.  CiiAS.  R.  SuTER, 

Corps  of  EngineerSy  U.  S.  A. 


M  II. 

SURVEYS   OF  MISSOURI  RIVER   AT   OMAHA,  ATCHISON,   PLATTSMOUTH, 

and  brownville. 

Office  op  the  Chief  of  Engineers, 

Washingtony  D.  C,  February  14,  1878. 

Sir  :  The  river  and  harbor  act  of  August  14, 1876,  contained  an  item 
making  an  appropriation  of  $100^00  for  the  improvement  of  the  Mis- 
sissippi, Missouri,  and  Arkansas  Rivers,  with  a  proviso  "  That  $40,000 
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lrea<iy  made  at  Nebraska  City,  a  distance  of  33  miles,  at  an  estimated 
ost  of  $3,000. 

The  views  and  recommendations  are  concurred  in. 
Very  respectfully,  your  obedient  servant, 

A.  A.   HUMPHKEYS, 

Brig,  Gen.  and  Chief  of  Engineers, 
Hon.  Geo.  W.  McCrary, 

Secretary  of  War, 


survey  of  missouri  riyer  at  omaha,  nebraska. 

United  States  Engineer  Office, 

Saint  Louw,  Jfo.,  December  14,  1877. 

General:  In  accordance  with  youi*  instructions  of  April  30,  1877,  I 
ispatclied  a  party  to  Omaha,  Nebr.,  on  May  19,  to  make  a  survey  of  the 
lissouri  River  at  that  point,  with  a  \iew  to  determining  whether  it  were 
»08sible  to  i)revent  the  formation  of  a  threatened  cut-off,  and  generally 
0  protect  the  banks  in  the  neighborhood  from  the  encroachments  of  the 
iver.  At  the  time  tliis  survey  was  made  the  water  was  already  flowing 
ver  the  neck  in  several  places,  and  before  the  subject  could  be  consid- 
red  the  river  broke  through. 

During  the  month  of  November  another  siu'vey  was  made,  and  the 
esults  of  the  two  siu'i  eys  are  set  forth  on  the  map  which  accompanies 
his  reiKjrt.  The  cut-off  was  formed  July  8,  and  a  very  \iolent  erosion 
►egan  at  the  apex  of  the  new  bend,  threatening  all  the  low  gix)und  in 
ront  of  the  bluff's,  with  the  car-shops  of  the  Union  Pacific  Eailroad  and 
ther  buildings  erected  on  it,  as  well  as  the  western  approaches  to  the 
►ridge.  The  danger  was  met  by  the  Union  Pacific  Railroad  Company, 
rho  constructed  a  loose  stone  revetment  along  the  portion  of  the  bank 
lost  \iolently  attacked,  and  succeeded  finally  in  checking  the  erosion 
mtil  the  falling  of  the  river  removed  the  immediate  danger.  It  is,  how- 
ver,  pretty  certain  that  at  the  next  flood-stage  the  cutting  will  be  re- 
lewed,  and  there  is  no  telling  when  it  will  stop.  The  river  is  yet  in  a 
ery  unstable  condition,  the  slope  being  inordinately  gieat  and  the 
ur\"ature  of  the  bend  excessive.  I  do  not,  therefore,  consider  that  it 
rould  at  present  be  pi^acticable  to  attempt  tlie  permanent  rectification 
•f  the  channel,  but  would  recommend  that  any  work  done  be  solely 
lirected  to  prevent  any  further  changes  which  may  seem  likely  to  prove 
Qjurious.  I  consider  that  the  first  and  most  obvious  necessity  is  to  pre- 
ent  any  fiirther  encroachments  on  the  Nebraska  shore  above  the  bridge, 
f  this  is  done  it  is  probable  that  the  whole  bend  will  move  downstream, 
tnd  this  should  be  allowed  to  take  placie  until  the  channel  strikes  the 
ine  of  the  bridge  at  right  angles.  As  soon  as  this  is  accomplished  the 
!owa  shore  above  the  pouit  will  have  to  be  held.  No  estimates  for  this 
rork  can  yet  be  submitted,  and,  as  the  work  may  not  be  needed  for  seve- 
•al  years,  I  have  confined  my  estimates  to  the  x^rotection  of  the  Nebraska 
ihore  above  the  bridge. 

The  report  of  my  assistant,  Mr.  Boehmer,  will  give  all  the  facts  neces- 
jary  for  a  full  comprehension  of  the  subject.  I  have  submitted  a  differ- 
ent plan  for  the  work  required,  because  I  do  not  consider  it  solely  a 
natter  of  protecting  any  particiUar  structiu'es  on  the  low  ground  between 
he  bluff's  and  the  river,  but  that  the  problem  is  more  especially  the  broad 
me  of  preventing  the  river  from  taking  a  shape  that  will  throw  the 
hannel  obliquely  across  the  line  of  the  bridge  and  render  it  im\>^^^^\^ 
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for  steamboats.  I  recommend  that  the  revetment  already  begun  by^the 
Union  Pacific  Kailroad  Company  be  extended  in  both  directions,  about 
4,000  feet  below  and  1,000  feet  above  their  work,  using  for  this  puri>08e 
fascine  mattresses,  loaded  with  stone,  as  has  been  done  under  my  direc- 
tion at  Saint  Josei)h,  Mo.  This  work  should  be  done  befoi-e  the  next 
high-water,  and  the  whole  sum  asked  for  should  be  appropriated  at  once, 
both  with  a  \iew  of  reducing  the  cost  of  materials  and  also  to  prevent 
the  whole  work  fix)m  being  lost  through  incompleteness. 

ESTIMATE  FOR  RE\T2TTING  5,000  LUfEAR  FEET  OF  BANK. 

5,000  cords  bnish,  made  into  fascine  mattresses  and  placed  in  position,  at 

^.50  per  conl |17,500 

20,0(K)  yards  rock,  place<l  in  position,  at  $3  per  yard 60, 000 

Contingencies 2,500 

Total HO,  000 

I  am,  general,  very  respectfully,  joiu-  obedient  servant, 

Chas.  R.  Suter, 
Major  of  Engineer  a. 
Brig.  Gen.  A.  A.  Hit^iphreys, 

Chief  of  Engineers^  V,  8.  A, 


REPORT  OF  MR.   MAX  BOEIIMER,   ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  December  7,  lt?77. 

Major  :  During  the  latter  part  of  May,  1877,  a  survey  was  made  of  the  Missouri 
River,  in  the  vicinity  of  Omaha,  Nebr.,  with  a  view  of  ascertaining  the  proi>er  means 
for  preventing  an  anticipated  cut-oti*  through  the  Iowa  point  opposite,  or  el«e  to  devise 
plans  intended  to  ameliorate  the  dangerous  consequences  of  such  occurrence. 

My  report  on  this  survey,  dated  June  27,  1877,  intencis  to  establish  the  impractica- 
bility both  of  prevention  and  amelioration  of  the  danger,  and  recommonds  that  no 
action  be  taken  until  after  the  occurrence  of  the  cut-ofif,  and,  further,  that  time  enough 
be  aUowed  for  the  river  to  partly  re-establish  its  normal  regimen. 

Shortly  after,  on  the  8th  of  i\x\y,  1877,  the  cut-off*  happened,  and  the  river  broke 
through  the  Iowa  jwint  with  tremendous  force. 

A  resurvey  of  the  ground  was  ordered,  and  the  field-work  commenced  on  the  23d  of 
October,  1877. 

The  results  of  this  survey,  accompanied  by  the  usual  maps,  I  respectfully  submit  in 
the  following  report: 

In  breaking  through  the  peninsula,  the  newly-formed  channel,  with  greatly  increaaed 
velocity,  threw  its  entire  force  straight  into  the  Nebraska  shore,  on  a  liiie  leading 
directly  toward  the  Union  Pacific  Railroad  shops.  A  terrible  erosion  of  the  bank  at 
that  point  was  the  consequence,  and  the  river  had  cut  into  the  shore  a  distance  of 
1,200  feet  when  further  inroads  were  checked  by  extraordinary  efforts,  under  the 
direction  of  the  Union  Pacific  Railroad  Company.  Sand-bags,  stone,  and  brush  in 
large  quantities  were  thrown  into  the  river  at  the  points  most  severely  attacked,  and 
a  strong  revetment  2,000  feet  long  constructed.  The  different  data  arrived  at  by  the 
survey  show  plainly  that  the  river  is  still  in  a  greatly  unsettled  condition. 

Just  below  the  cut-off,  and  along  the  revetment,  the  river  now  turns  at  a  radius  of 
only  1,200  feet,  and  this  sharj)  ciirx'e  occasions  a  flat  slope  of  0.31  foot  per  mile  for  some 
distance  above,  while  farther  up  the  river,  and  below  the  bridge,  a  fall  reaching  1.10 
to  1.30  feet  per  mile  has  been  foimd.  The  current,  as  it  leaves  the  sharp  bend  spoken 
of,  is  still  swift,  entirely  beyond  its  nonual  velocity,  for  here  the  greatest  8i)eed  found 
waa  5.08  miles  per  hour  at  the  surface  and  4.35  miles  at  mid-depth.  That  such  cur- 
rent is  abnormally  swift  is  proven  by  the  fact  that  five  months  previous,  during  a  stage 
7  feet  higher,  the  maximum  found  was  5.85  miles  at  the  surface  and  5.23  at  mid-deptn. 

The  greatest  velocity  found  during  a  similar  stage  of  low-wat«r  at  Saint  Joseph, 
Mo.,  was  but  2.47  miles  per  hour.  Even  the  slope  of  the  river  for  a  distance  of  14  mue* 
was  found  in  a  still  unsettled  condition. 

The  difference  of  elevation  in  the  river's  surface  between  Florence  Mid  a  point  three 
miles  below  the  bridge  has  decreased  but  0.4  foot,  although  the  distance  l»etween  the«e 
points  haa  been  reduced  by  the  cut-off  fix)m  18  to  14  miles.     Before  the  change  in  the 
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river,  at  a  stage  13  feet  above  low-water,  the  mean  slope  between  these  points  was  0.66- 
foot  per  mile ;  at  present,  at  a  stage  of  6  feet,  it  is  as  much  as  0.82  foot  per  mile.  It 
may  safely  be  asserted  that  the  greater  part  of  this  increase  is  still  due  to  the  sndden 
change  oi  the  regimen  of  the  river.  A  discharge  taken  at  a  stage  of  6  feet  gives  the 
following  figures :  B:i«»^ 

Average  velocity  3.29  feet  per  second,  which  equals  2.24  miles  per  hour;  area  of 
cross-section  equals  5,007.6  square  feet ;  discharge  per  second  equals  2^),  178.4  cubic  feet. 

Concluding,  by  reason  of  the  above  figures,  that  the  river  has  not  recovered  its  equi- 
librium and  natural  shape  in  the  vicinity  of  the  cut-off,  a  continuation  of  the  violent 
action  during  the  la«t  high- water  may  be  expected  the  coming  season. 

Up  to  this  time  the  Union  Pacific  revetments  have  held  the  river,  and  will  probably 
continue  to  do  so,  as  long  as  the  latter  remains  in  its  low  stage,  even  at  the  very  sharp 
curve  of  1,200  feet  radius.  But  it  is  evident  that  the  high-waters  of  next  Jime  cannot 
be  turned  at  such  an  angle,  and  it  must  be  expected  that  the  river  will  force  an  easier 
curve  and  freer  paiisage  at  this  point,  not  through  the  revetment,  i)erhaps,  but  either 
above  or  below  it.  The  point  of  imj^aet  on  the  Nebraska  shore  at  present  Ues  a  little 
above  the  middle  of  the  revetment. 

But  this  will  change  as  the  river  rises,  and  it  seems  highly  probable  that  during  the 
first  part  of  the  fiood-season  the  west  side  of  the  island  created  by  the  cut-off*  will  be 
cut  away  farther,  and  that  in  consequence  the  main  attack  of  the  channel  will  be 
directed  against  the  shore  above  the  riprap.  But  at  the  same  time,  and  as  long  as- 
the  flood  lasts,  the  Iowa  point,  sharp  and  narrow  as  the  last  high-water  has  lert  it, 
will  be  equally  exposed  and  cut  away  by  the  current  for  some  distance.  This  natural 
action  on  the  Iowa  i>oint  will  be  largely  increased  in  power,  not  only  by  the  resisting 
force  of  the  ripraps,  but  also  by  the  bed-rock  beneath  and  beyond  the  latter. 

Such  partial  destruction  of  the  Iowa  point  will  not  only  allow  but  even  compel  the 
river  to  turn  sooner,  and  at  the  same  time  will  furnish  room  for  an  easier  curve.  In 
consequence,  the  channel  will  strike  the  Nebraska  shore  at  a  i)oiut  below  the  ripraps, 
and  in  a  line  toward  the  smelting-works.  From  here  the  channel  will  work  its  way 
along  the  Nebraska  shore,  and  remain  permanent  under  the  first  or  second  span  of  the 
bridge  on  the  west  side. 

Should  this  theory  prove  to  be  correct,  the  Union  Pacific  Railroad  shops  would  remain 
unharmed.  But  should  the  river,  as  seems  possible,  work  its  way  behind  the  revetment 
from  above,  and  keep  on  in  this  direction,  the  point  of  impact  moving  upstream,  even 
then  the  Uiiion  Pacific  shops  would  be  safe  from  destruction  by  reason  of  the  high 
elevation  of  the  bed-rock  underneath  them.  The  low-water  channel  can  ilever  reach 
even  the  extreme  eastern  parts  of  the  shops,  because  the  bed-rock  at  this  i>oint  is  but 
4.3  feet  below  low-water. 

For  the  same  reason  the  main  thread  of  the  current  during  the  high-water  will  be 
held  away  from  this  point,  since  it  cannot  dig  a  sufficiently  deep  channel  to  create  a 
permanent  bed. 

Side  currents  may  eventually  wash  away  the  earth  up  to  the  shops,  but  against  such 
the  banks  can  be  easily  held.  Only  the  main  channel  of  the  river  is  to  be  really  feared. 
At  the  western  edge  of  the  shops,  the  bed-rock  rises  to  within  1.6  feet  of  low-water 
mark,  a  dip  of  2.7  feet  in  660  feet. 

For  the  reasons  set  forth  above,  I  consider  the  Union  Pacific  shops  exempt  from 
danger,  whatever  action  the  river  may  pursue  in  its  next  rise.  They  surely  may  be 
considered  safe  for  one  season,  and  I  would  therefore  recommend  that  at  present  only 
snch  points  be  protected  as  are  plainly  and  clearly  in  danger,  since  the  river  during 
one  year  may  change  in  such  a  manner  as  to  dictate  a  line  or  improvement  entirely 
different  from  that  indicated  by  its  present  aspect,  and  work  may  be  wasted  at  points- 
which  the  river  never  will  touch. 

Only  the  smelting-works  and  the  western  approach  of  the  bridge  will,  in  my  opin- 
ion, be  dangerously  exposed  to  the  violent  action  of  the  river  during  the  next  high- 
water,  because  both  points  lie  in  the  line  of  attack,  and  neither  is  guarded  sufficiently 
by  the  bed-rock  underneath. 

At  the  toe  of  the  western  embankment  the  bed-rock  lies  13  feet  below  the  zero  of 
the  gauge,  and  on  a  straight  line  from  here  to  a  point  about  100  feet  east  of  the  smelt- 
ing-works the  mean  depth  of  the  bed-rock  (derived  from  seven  soundings)  is  12.8  feet 
below  low-water. 

In  giving  the  elevations  of  bed-rock  below  low-water,  a  slope  of  0.7  foot  per  mile 
ha«  been  assumed. 

It  is  probable  that  one  season  of  high-water  will  give  sufficient  time  to  carry  the 
channel  dangerously  close  to  or  even  beyond  these  points,  and  it  is  therefore  necessary 
to  begin  the  work  as  soon  as  possible,  and  finish  it  before  the  height  of  the  June  rise 
inundates  the  ground. 

The  protection  I  would  recommend  for  this  purpose  consists  of  two  separate  revet- 
ments, built  of  stone  only,  and  located  as  far  back  toward  the  bluffs  as  possible,  to  take 
advantage  of  the  higher  elevation  of  the  bed-rock,  these  ripraps  to  be  located  aa 
shown  on  the  accompanying  sketch.    No  stone  containing  less  than  one  cubic  foot 
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should  be  used  in  their  construction.  One  of  these  revetments,  800  feet  long,  to  W 
built  at  the  west  approach  of  the  bridge,  the  other,  1,200  feet  long,  close  to  and  in 
front  of  the  smelting-works,  and  the  faces  of  both  in  exact  line  with  each  other,  and 
in  line  w4th  the  projectiuc  point  of  the  bluff,  about  a  mile  below  the  bridge. 

To  build  these  ripraps  back  from  the  shore  I  would  propose  to  dig  treuchee  with  a 
slope  of  1 : 1  on  the  inside  and  1^ :  1  on  the  outside,  and  nil  them  with  stone,  in  a  man- 
ner shown  by  the  sketch  below. 

The  stage  of  the  river  up  to  the  end  of  April  would  allow  a  depth  of  10  feet  for 
the^e  trenches,  and  make  it  possible  to  draw  off  the  water  by  means  of  ditching.  It 
is  expected  that  the  river  will  work  to  these  riprai>s,  and,  by  undemiiniug,  cause  the 
stone  to  tumble  in  and  take  its  own  slope ;  there  is  stone  enough  to  form  a  riprap  3 
feet  thick,  and  reaching  do-wTi  to  bed-rock  at  a  slope  of  1:1.  Some  repairs  and  addi- 
tional stone  may  be  necessary  in  places  hereaft<5r,  but  in  the  main  these  ripraps  would, 
I  believe,  be  largely  sufficient  to  hold  the  bank. 

•  The  cost  of  this  work  is  estimated  as  follows : 

3,000  linear  feet  riprap,  at  4.3.3  cubic  yard 12,990  cubic  yards  stone. 

Subtract  25  j>er  cent,  for  solid-rock  measure 3, 247  cubic  yards  stone. 

Total 9,743  cubic  yards  stone. 

For  the  following  estimate  of  earth-excavation  1,000  linear  feet  of  trench  is  allowed 
for  ditching. 

4,000  linear  feet  of  trench,  at  4.63  cubic  yard 18, 520  cubic  yards  earth. 

COST. 

t),743  cubic  yards  solid  rock  (placed),  at  $:i.50 $34, 100  50 

1H,520  cubic  yards  earth-excavation,  at  20  cents 3, 704  Ot> 

37,804  50 
Contingencies 3,795  50 

Total  cost 41,600  00 

According  to  your  instructions,  the  sur^-ey  was  extended  farther  on  the  other  side  of 
the  river,  so  as  to  gather  all  available  information  and  investigate  the  apprehended 
danger  to  the  city  of  Council  Bluil's,  Iowa.  Additional  lines  were  run  for  that  pur- 
pose, especially  to  (establish  the  location  of  the  lake  and  the  line  of  bluffs  above  that 
town.     The  result  shows  no  immediate  danger  from  any  directi<m  whatever. 

Quite  a  largo  part  of  Council  Bluffs  is  built  on  the  Missouri  River  Iwttoni,  and  is  for 
that  reason  alone  to  be  considered  as  standing  on  dangerous  ground,  sinc«  the  river  is 
liable,  in  its  continual  changes,  to  strike  any  point  between  the  blufljs;  but  that  there 
is  no  special  or  immediate  danger  to  any  part  of  that  town  at  the  present  time  is 
proven  by  the  followmg  facts  and  figures,  \iz: 

The  bluffs  al>ove  the  city  protect  it  to  a  large  extent;  the  nearest  point  of  the  river- 
bed is  still  9,500  feet  distant  fi'om  the  Chicago  and  Northwestern  depot  on  Broadway; 
the  apex  of  the  bend  below  to-wTi  is  15,800  feet  distant  from  the  same  point:  and  the 
peninsula,  at  its  narrowest  point,  is  still  23,000  feet,  or  a  little  less  than  4^  miles,  wide. 

The  river  may  hereafter  possibly,  and  even  probably,  work  its  way  into  its  old  bed, 
the  present  lake;  but  even  this  would  not  endanger  the  city,  but,  on  the  contrary, 
would  create  a  more  desirable  landing,  and  still  leave  the  river-bed  a  distance  of  7,51)0 
feet  from  the  Northwestern  dejwt. 

In  addition  to  all  this,  the  recent  formation  of  the  cut-off  will  draw  off  the  water 
from  above  faster,  and  thereby  give  the  river  a  tendency  to  straighten  out  in  that 
locality.     This  will  lessen  the  danger  of  severe  encroachments  for  some  years  to  come, 
especially  since  the  flood-level  has  also  been  lowered  by  the  same  agency. 
Very  respectfully, 

Max  Boehmer, 

Assistant  Engineer. 

Maj.  Charles  R.  Suter, 

Corps  of  EngineerSj  U,  S,  A, 


sxmvey  of  missoubi  biveb  at  atchison,  kansas. 

United  States  Engineer  Office, 

Saint  LouiSy  Mo.y  January  3,  1878. 

General  :  I  have  the  honor  to  submit  herewith  a  report  and  map  of 
a  survey  made  of  the  Missouri  Eiver,  near  Atchison,  Kans.,  by  my 
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assistant,  Mr.  Max  Boelimer,  in  compliance  with  your  instructions  of 
Maj^  18, 1877.  From  this  report  it  will  be  seen  that  there  are  impending 
changes  in  the  channel  of  the  river  at  this  point  which  threaten  to 
destroy  the  railroad-bridge,  or  to  render  its  draw-spans  impassable  for 
steamboats. 

Three  sources  of  danger  are  noticed:  First,  it  appears  that  in  the  bot- 
tom-land on  the  Missouri  side  of  the  river  there  exists  a  chain  of  lakes, 
which  are  quite  probably  the  remains  of  ancient  channels  of  the  river. 
Much  ai)prehension  is  felt  that,  owing  to  ice-gorges  or  other  causes,  the 
river  might  break  through  into  these  lakes  and  abandon  its  present 
channel  altogether.  Tliis  contingency,  although  not  impossible,  I  regard 
a«  highly  improbable,  for  although  there  are  thousands  of  instances  of 
similar  lakes  scattered  through  the  bottom-lands  of  the  Missouri,  Missis- 
sippi, and  Arkansas  Kivers,  yet  no  instance  has  j^et  been  recorded,  to 
my  knowledge,  of  a  change  occurring  of  the  character  apprehended  here. 

The  second  soiu'ce  of  danger  lies  above  Atchison,  where  a  narrow 
neck  separates  two  bends  of  the  river.  There  is  considerable  abrasion 
on  the  upper  side  of  this  ne<5k,  and  it  is  possible  that  a  cut-off  may 
eventually  form  here.  Still,  the  danger  is  not  very  gi^eat,  as  the  lower 
side  of  the  neck  is  not  much  affected  and  the  point  of  impact  is  working 
down  stream.  It  would  be  desirable,  however,  to  extend  the  survey 
several  miles  farther,  and  to  watch  and  note  any  further  changes  in  this 
neighborhood. 

"file  immediate  source  of  danger  lies,  however,  in  the  rapid  ca^ing  of 
the  Missouri  shore  in  the  bend  immediately  above  the  bridge.  This  has 
already,  since  the  completion  of  the  bridge,  progressed  to  an  extent  that 
seriously  threatens  both  the  structure  itself  and  the  maintenance  of 
navigation  through  the  draw-spans. 

It  seems,  therefore,  imperatively  necessary  to  protect  this  bank  from 
further  attack  as  soon  as  possible,  as  any  delay  will  probably  entail  the 
construction  of  additional  works  designed  to  force  the  channel  farther  to 
the  north  and  west. 

Mr.  Boehmer  recommends  that  about  7,000  feet  of  bank  be  protected 
by  a  revetment  of  mattresses  loaded  with  stone,  and  submits  an  esti- 
mate therefor  of  $56,000.  The  character  of  the  work  would  be  similar 
to  that  carried  on  during  the  pa«t  season  at  Saint  Joseph,  Mo.,  and 
which  has  proved  satisfactory.  The  plan  and  estimate  are  approved  by 
me,  and  I  would  merely  add  that  if  the  work  be  undertaken,  the  whole 
sum  should  be  appropriated  at  once,  as  there  is  great  danger  that  the 
work,  if  incompletely  carried  out,  may  be  entirely  lost. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Charles  R.  Suteb, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chkf  of  Engineers^  if,  S.  A, 


REPORT  OF  MR.   MAX  BOEHMER,  ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  December  28,  1877. 

Major  :  I  have  the  honor  to  submit  the  foUowing  report  on  the  survey  of  the  Mis- 
sissippi River  in  the  vicinity  of  Atchison,  Kans. 

The  field-work  was  done  during  the  first  part  of  November.  1877,  and  takes  in  a  dis- 
tance of  12  miles  by  channel  from  a  point  3  miles  below  the  bridge  to  the  apex  of  the 
bend  above  Doniphan,  Kans. 

The  stage  of  the  river  at  the  time  was  recorded  as  4  feet  6  inches  above  low-water 
mark  on  the  bridge-gauge  at  Saint  Joseph,  Mo.    The  zero  of  this  gauge  would  be  more 
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•correct  if  assnmed  S  feet  lower.  This  wonld  make  the  actnal  stage  dnring  the  snrvey 
6  feet  6  inches  above  the  lowest  water,  or  15  feet  6  inches  below  the  high  water  of 
1844. 

The  slope  of  the  river  near  Atchison^  measnred  at  short  distances,  shows  considera- 
ble irregularity,  ranging  from  0.48  to  0.90  foot  per  mile.  But  comparing  the  slojies  of 
longer  stretches,  fn>m  3  to  5  miles  in  length,  more  uniformity  is  found,  t.  e.,  from  0.60 
to  (X76  foot  per  mile,  while  the  mean  slope  of  the  entire  distance  surveycjd.  was  found 
to  be  0.70  per  mile. 

There  is  no  immediate  danger  on  hand  from  any  quarter  in  this  locality,  nor  is  such 
apprehended  by  corporations  of  individuals  int^^rested ;  but  there  is  good  cause  for 
apprehension  in  the  near  future  from  two  different  and  distinct  directions.  A  third 
danger,  also,  is  pointed  out  in  the  possibility  of  a  sudden  or  gradual  entrance  of  the 
river  into  the  chain  of  lakes,  running  in  a  southerly  direction^and  on  a  line  from  2  to 
3  mileaeast  of  the  bridge.  Such  occurrence,  however,  I  consider  as  impossible,  judg- 
ing from  the  character  and  the  condition  of  the  ground,  and  it  could  be  brought  about 
-only  by  a  succession  of  nreliminary  changes  which,  oy  reason  of  their  nature  and 
<».xtent,  would  alter  the  relative  conditions  so  radically  as  to  present  a  case  of  entirely 
•different  aspect.  The  great  volume  of  water  will  take  the  way  of  least  obstruction, 
and  the  nature  of  the  ground  at  present  justifies  the  assertion  that  the  heaviest  ice- 
gorge  in  th«  bed  of  the  river  would  appear  insigiiificant  as  an  obstruction  compared  to 
the  natural  impediment*  prohibiting  the  formation  of  a  channel  through  the  chain  of 
lakes.  The  stretch  of  high  ground,  4,200  feet  wide,  sepanitiug  the  upper  lake  from 
•Sugar  Lake,  presents  an  obstruction  far  more  formidable  than  any  that  could  possibly 
form  in  the  bed  of  the  river  at  either  its  high  or  low  stage. 

But  there  is  danger  in  store  for  the  bridge  from  the  continual  abrasion  of  the  Mis- 
souri shore  directly  above  it,  and  also  from  the  possible  formation  of  a  cut-off  throueh 
the  neck  of  land  opposite  Doniphan.  Should  the  river  break  through  here,  it  would  be 
impossible  to  foretell  the  consequences,  and  entirely  impracticable  (by  i*eason  of  the 
enormous  cost)  to  guide  the  water  safely  past  the  bridge.  Such  radical  change  in  the 
river  may  occur  possibly  without  harming  the  bridge  to  any  great  extent;  but  it  is  far 
more  probable  that,  in  breaking  through  and  striking  the  Kansas  shore,  the  river  will 
reltoimd,  strike  the  east  end  of  the  bridge,  and  establish  its  main  channel,  at  lea«t  for  a 
time,  under  one  of  the  liist  spans,  making  the  structure  at  once  a  total  impediiueiit  to 
navigation.  And  should  the  channel  work  its  way  uuder  either  of  the  two  most  east- 
ern si»ans,  it  will  in  all  probability  result  in  the  destniction  of  both,  since  neither  the 
m<»8t  eastern  i)ier  nor  the  east  abutment  have  their  foundation  on  the  bod-rock  under- 
neath. This  may  not  be  a  necessary  consequence  imder  ordinaiy  circumstances  and 
at  a  normal  condition  of  the  river,  but  it  is  almost  sure  to  hapi>eu  un<ler  the  hea>'ily- 
increastnl  pressure  consequent  upon  the  formation  of  a  cut-off  only  3  miles  above.  The 
only  safety,  therefore,  lie«  in  the  prevention  of  the  cut-off. 

The  width  of  the  neck  under  question  is  still  5,300  feet  at  the  narrowest  XM)int ;  the 
ground  is  high  and  old,  and  covered  with  heavy  timber,  and  there  is  but  little  cause 
for  apprehension  for  some  years  to  come,  especially  since  the  lower  side  of  the  neck  is 
safe  from  further  encroachment,  because  here  the  river  is  held  in  check  by  the  bluffs 
on  the  Kansas  side  above.  But  the  upper  side,  from  the  peculiar  shape  of  the  river  at 
that  point,  is  in  a  position  to  be  attacked  severely ;  and  such  attack  is  apt  to  increase 
in  power  the  farther  the  river  eats  into  the  shore,  because  such  action  will  tend  to 
decrease  in  proportion  the  radii  of  the  reversed  curve  which  the  channel  assumes  from 
here  to  the  bluffs  below.  The  upi»er  side  of  the  neck,  therefore,  alone  necnls  protec- 
tion, and  to  ascertain  the  proper  method  a  further  survey,  reaching  8  miles  above  the 
present,  is  necessary. 

The  second  danger  to  the  bridge  has  its  source  in  the  caving  of  the  Missouri  bank  in 
the  bend  above  the  bridge.  This,  if  allowed  to  continue,  may  cause  the  channel  to 
leave  its  position  under  the  draw,  and  at  last  even  endanger  the  safety  of  the  eastern 
«nd  of  the  bridjje.  The  river  has  been  suffered  to  cut  into  the  bank  too  far  already  at 
this  point,  and  it  would  be  preferable  in  a  contemplat>ed  improvement  to  re-estabUsh 
the  shore-line  of  1873  bv  means  of  a  dike  built  of  mattresses.  But  the  greater  cost  of 
such  improvement  would  hardly  be  justifiable,  since  the  present  shore-line  leads  the 
channel  directly  under  the  draw,  over  90  per  cent,  of  the  water  in  the  river  passing 
under  it  at  a  channel-depth  of  53  feet. 

By  reference  to  the  map,  it  will  be  seen  that  since  1873  the  banks  of  the  bend  have 
been  cut  away  more  or  less,  and  to  a  maximum  of  800  feet,  with  the  exception  of  a 
stretch  3,400  feet  long,  which  has  been  left  intact,  and  remains  exactlv  the  same  as  it 
was  four  years  ago.  This  strip  is  situated  just  below  the  old  river-bed,  and  the  cause 
of  its  preservation  may  be  found  partly  in  ibhe  peculiar  shape  of  the  bend,  as  the  draw- 
ing will  show,  and  partly  in  the  stronger  resistance  of  the  material  deposited  in  the 
old  river-bed.  This  material  consists  of  flue  sediment  and  vegetable  matter  entirely, 
without  any  mixture  of  coarse  sand.  I  think  it,  therefore,  suthcient  at  present  to  pro- 
tect the  shore  up  to  this  point,  a  distance  of  7,000  feet.  Hereafter  the  continued 
cutting  above  will  probably  necessitate  a  further  i-evetment  above ;  but  the  longer  this 
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may  be  avoided,  the  less  revetment  will  eventually  be  required,  since  the  point  of 
impact  at  the  head  of  this  bend  is  moving  downstream,  and  will  continue  to  do  so  as 
fast  as  the  Kansas  shore  below  Independence  Creek  is  washed  away. 

The  importance  of  the  Atchison  bridge,  because  of  the  heavy  traffic  over  it,  strength- 
ens the  argument  that  steps  should  be  taken  as  soon  as  possible  to  assure  its  safetv ; 
.and  the  interest  of  the  free  navigation  of  the  river  demands  that  efficient  measures  fee 
employed  to  secure  the  permanency  of  the  channel  in  its  present  position,  under  the 
draw-span  of  the  bridge. 

For  the  protection  of  the  bend  above  the  bridge,  I  would  recommend  a  simple  revet- 
ment of  mattress-work,  loaded  with  stone  and  uuilt  to  a  height  of  6  feet  above  low- 
water  ;  the  entire  work  to  be  7,000  feet  long  and  40  feet  wide. 

Assuming  the  price  of  stone  delivered  at  ^  per  cubic  yard,  and  brush  delivered  at 
$1.25  per  cord,  the  cost  of  the  work,  with  contingencies,  is  estimated  at  |^  per  linear 
foot,  making  the  cost  of  the  entire  work  8  X  7,000  =  $56,000. 
Very  respectfully, 

Max  Bokhmer, 
Asaintant  Engineer. 
Maj.  Charlks  R.  Suter, 

Corps  of  Engine^'8,  U.  S,  A, 


examination  of  missouri  river  at  plattsmouth,  nebraska. 

United  States  Engineer  Office, 

Saint  LouiSj  Mo.^  February  9, 1878. 

General:  I  have  the  honor  to  forward  herewith  the  report  of  an  ex- 
amination made  at  Plattsmouth,  Nebr.,  by  Mr.  A.  H.  Blaisdell,  assistant 
engineer.  From  this  report  it  will  be  seen  that  the  regimen  of  the 
Missouri  Eiver,  in  this  neighborhood,  owing  to  the  influx  of  Platte  River, 
is  exceedingly  unstable,  and  that  the  erosion  of  the  banks  threatens  the 
destruction  of  much  valuable  farming-land  and  seriously  endangers  the 
railroads  running  to  this  point. 

The  extent  of  damage  tlireatened  as  well  as  the  cost  of  protection 
cannot  be  given  without  a  regular  surv^ey,  which  should  cover  the  whole 
^'ound  between  Plattsmouth  and  Omaha,  in  order  to  give  a  clear  idea 
of  the  subject.  The  total  length  of  survey  required  woidd  be  30  miles, 
and  the  cost  would  be  $3,500,  which  it  is  recommended  should  be  appro- 
priated for  the  purpose. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  R.  Suter, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  United  States  Army. 


report  of  mr.  a.  h.  blaisdell,  assistant  engineer. 

United  States  Engineer  Office, 

Saint  Louis f  Mo.y  January  15,  1878. 

Ma.tor  :  The  following  report  is  the  result  of  my  recent  examination  of  the  Missoori 
River,  at  Plattsmonth,  Nebr. : 

In  the  vicinity  of  Platt«mouth,  the  channel  and  bars  of  the  Missouri  River  are  sub- 
ject to  more  radical  chances  than  they  are  at  almost  any  other  portion  of  its  course. 
The  Platte  River,  which  here  enters  the  larger  stream,  has  its  greatest  flood,  from  3  to 
5  feet,  usuaUy  in  April,  while  that  of  the  Missouri  occurs  generally  in  June. 

In  consequence  of  this  non-conformity,  the  point  of  junction  of  the  two  rivers  dif- 
fers quite  widely  in  different  years,  and  even  in  the  same  year ;  the  Platte,  in  freshet, 
sweeps  its  way  through  the  sand-bars  deuosited  by  the  Missouri  during  its  high  water, 
and  again  has  its  mouth  changed  when  the  larger  stream  is  in  flood. 

A  small  sketch  of  the  vicinity,  ma<le  during  my  examination  in  December,  accom- 
pr.nies  this  report. 
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On  the  Plnttsmouth  side  the  river  has  worn  awa^  the  hanks  where  ten  years  ago 
was  a  considerable  bottom  up  to  the  toe  of  the  bhiflfi*,  while  on  the  Iowa  side  the  two 
rivers,  actinj:;  conjointly,  have  for  a  long  time  been,  and  are  now,  making  deep  inroadi 
into  the  rich  farming  alluvial  landfi. 

Plattsmouth  is  the  eastern  terminus  of  the  Burlington  and  Missouri  River  Railroad 
in  Nebraska,  between  which  and  the  Iowa  division  of  the  Chicago,  Buriington  and 
Quincy  Railroad  a  large  and  increasing  transfer-business  is  maintained. 

In  order  to  preserve  an  already  restricted  depot  and  yard  grounds,  the  Burlington 
and  Missouri  River  Railroad  Company  was  obliged  to  protect  the  Nebraska  bank,  and 
this  they  have  quite  successfully  accomplished  by  a  stone  revetment  extending  for 
over  a  mile  from  the  end  of  their  track  norihward.  With  the  exception  of  a  fow 
slides,  this  revetnumt  has  stoml  well,  most  of  it  probably  reiurhing  to  bed-rock,  which 
out<roi)s  in  places  in  the  bank. 

On  tlie  Iowa  side,  however,  the  ]>roblem  was  more  difficult;  the  rock  is  here  about 
80  feet  below  the  level  of  the  bank,  along  which  the  channel  generally  ran  with  a  velocity 
of  from  4  to  5  miles  i>er  hour.  The  transfer-landing  ha<l  to  be  constantly  chan^efi 
involviug  such  expeuse  that  the  Chicago,  Burlingt<m  and  Quincy  Company  resolvwl 
to  build  a  lauding  which  should  be  penuauent.  This  resolution  remilted  in  bnildiii^' 
a  dike  H.')0  feet  long,  inclining  at  an  angle  of  almut  45^  with  the  ]»eriiendicular  to  th<» 
fonuer  channel,  at  the  end  of  which,  in  low  water,  the  transfer-boat«  have  their  land- 
ings. 

The  manner  of  constructing  this  dike  wa«  quite  novel.  Piles  in  two  rows  wew 
driven  at  12- foot  distances,  and  spaniu'd  succesNively  by  girders,  on  which  rails  were 
laid,  and  stone  and  brush  thrown  from  cars  bnmght  on  them;  cleats  nailcnl  to  the 
piles  served  Jis  a  temporary  rest  for  the  brush  foundation,  and  stone  was  thrown  on 
until  the  ch'ats  broke,  and  the  foundation,  guided  by  the  piles,  sank  to  place.  The 
dike  cost  alM>ut  §*2H,(MH).  A  large  de]>osit  of  sand  took  place  below  the  dike,  while 
al>ove  it  the  former  channel  has  been  nearly,  if  not  quite,  closed. 

The  dike  has  very  materially  narrowed  the  water-way,  its  former  width  of  1,2()0  fet't 
having  been  decreas«'d  to  7(H)  feet,  and  in  high  stages  the  water,  of  c<mrse,  runs  over  it, 
but  it  has  withstcK)d  successfully  two  break-ui)s  of  the  ice,  and,  with  the  careful  watcli- 
ing  and  repairs  it  received  from  the  railroad  comj)any,  there  is  no  reason  it  should  not 
last  indetinitely. 

On  the  Iowa  side  the  bank  immediately  on  the  river  is  on  a  higher  level  than  it  is 
in  the  interior,  and  is,  besides,  cut  up  by  sloughs.  In  tinier  of  floods  the  water  finds 
its  way  into  the  farming-lands  of  the  bottom,  and  its  ])ath  is  marked  by  a  denuding 
of  the  land  of  all  vegetation,  except  such  trees  as  can  withstand  the  forc«  of  wt 
current. 

It  is  apprehended  by  some  of  the  residents  that,  when  the  river  cnt«  beyond  the 
limits  of  the  iiresiMit  high  bank,  at  a  stage  a  goo<l  deal  lower  than  when  it  occurs  now, 
the  river  will  overflow  the  interior  country.  A  small  conununity  of  farmers,  conibm- 
ing  together,  have  built  a  levee  some  three  miles  long,  shown  on  the  sketch,  for  their 
own  protection.  This  levee  has  done  go<»d  service,  but  with  the  jiresent  rate  of  cnt- 
tiiiig,.a  few  years  will  carry  the  river  into  it. 

The  neck  of  land  between  Pacific  and  Saint  Mary's  Bends  is  grtwlually  becoming 
narrower,  and  a  cut-oft*  is  imminent  if  the  cutting  continue,  as  tnere  is  no  doubt  it 
will. 

In  consequence  of  the  cut-ofl^  at  Omaha,  which  occurred  in  July  last,  the  caving  of 
the  banks  will  be  more  ra]»id,  and  will  hasten  the  cut-oft'  at  Plattsmouth,  which,  if 
allowed  to  occur,  would  be  disastrous  in  the  extreme  to  the  railroad  companies  and 
farmers  below  it«  location.  Should,  however,  the  cut-oft*  be  prevented  frtun  taking 
place,  unless  the  nnper  side  of  the  **  point"  be  also  protected,  Plattsmouth  would  in 
time  lose  its  river-frontage  frour  the  gradual  recession  of  the  bends  and  Uieir  accom- 
panving  bars  down  stream. 

The  river  interests  of  Plattsmouth,  outside  of  the  railroad  transfer,  are  small  at 
present.  A  wagon-ferry,  as  shown  on  the  sketch,  is  maintaine<l,  and  crosses  a  large 
emigration  to  the  Platto  Valley. 

In  the  absence  of  an  instrumental  surN'ey,  it  is  difficult  to  say  what  should  be  done 
in  the  way  of  improvement,  and  it  is  recommended  that  such  a  survey  bo  maile.  The 
shortest  permissible  survev  would  be  altout  25  miles  long,  and  should  cover  qnite 
thoroughly  the  bottom-lan(l  on  the  Iowa  side  of  the  river;  but  as  Plattsmouth  is  only 
about  28  niilc^  below  Omaha,  and  as  the  river  between  these  points  has  a  very  im- 
portant bearing  on  any  work  of  improvement,  it  is  recommended  that  tlie  survey 
should  connect  with  the  one  recently  made  at  Omaha. 

The  linear  <listance  of  the  re<iuire<l  survey  is  about  30  miles,  and  would  cost  $3,500. 
Very  respectfully,  your  obedient  servant, 

A.   H.    BLAI8DELL, 

Assistant  Engineer, 
Maj.  Charles  R.  Si  ter, 

Corps  of  EmftncerSy  L\  8,  A, 
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examination  of  missouri  riyeb  at  brownville,  nebraska. 

United  States  Engineer  Office, 

Saint  LouiSj  Mo.j  February  9,  1878. 

General  :  I  have  the  honor  to  transmit  herewith  a  report  of  an  ex- 
amination made  at  Brownville,  Nebr.,  by  Mr.  A.  H.  Blaisdell,  assistant 
engineer.  From  this  report  it  will  be  seen  that  Brovm>Tlle  is  situateil 
at  the  foot  of  a  sharp  bend  of  the  Missouri  Kiver,  and  the  erosion  of  the 
shore  on  the  Missonri  side  is  causing  a  recession  of  the  bend  dowai 
stream,  thereby  threatening  the  filling  up  of  the  harbor.  At  the  same 
time  the  cutting  of  the  Nebraska  shore,  in  fix)nt  of  and  below  the  town, 
is  causing  the  destruction  of  much  valuable  property.  It  is  probable 
that  the  only  way  to  check  these  changes  will  be  to  directly  protect  the 
caWng  banks. 

The  actual  extent  of  such  work  needed  cannot  be  decided  until  a  reg- 
ular siu'vey  is  made,  though  from  present  appearances  Mr.  Blaisdell  esti- 
mates the  cost  at  $50,000.  A  survey  to  determine  this  point  will  cost 
$1,6(K)  as  a  minimum,  but  to  satisfactorily  study  the  problem  it  would 
be  advisable  to  extend  the  survey  so  as  join  the  one  already  made  at 
Nebraska  City.  The  distance  to  be  surveyed  in  this  case  woidd  be  23 
miles,  and  the  cost  would  be  $3,000,  which  it  is  recommended  should  be 
appropriated  for  the  purpose. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  R.  Suter, 
Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


keport  of  mr.  a,  h.  blaisdell,  assistant  engineer. 

United  States  Engineer  Office, 

Saint  LouiSf  January  15,  1878. 

MA.TOR:  I  have  the  honor  to  present  herewith  a  report  of  my  recent  examination  of 
the  Mi88onri  River  in  the  vicinity  of  Brownville,  Nebr.,  with  an  accompanying  sketch 
on  a  scale  of  one  inch  to  the  mile. 

In  the  vicinity  of  Brownville,  Nebr.,  the  blnfTs  of  the  Missonri  Valley  lie  about 
twelve  miles  apart.  In  Nebraska  they  are  washed  by  the  river  or  lie  within  short  dis- 
tance of  it,  and  in  Missouri  the  intervening  aUuvi'al  bottom  supports  a  well-settled 
farming  C4)mmnnity. 

The  soft  alluvium  of  the  Missonri  side  yields  readily  to  the  action  of  the  current, 
and  the  results  are  the  same  as  elsewhere  in  its  course,  frequent  shiftings  of  the  river- 
channel  and  a  gradual  movement  of  the  bends  down  stream. 

Brownville  is  one  of  the  oldest  towns  of  Nebraska,  and  has  tributary  to  it-an  unusu- 
aUy  well-developed  and  productive  country.  It  is  the  nominal  terminus  of  the  Ne- 
braska Railway,  better  known  under  its  former  name.  Midland  Pacific,  which  runs 
westward  firom  Nebraska  City.  A  railroad  along  the  river-bank  connects  the  two 
cities. 

The  greatest  amount  of  caving  of  the  banks  has  occurred  within  the  past  three  years, 
during  which  time  about  300  feet  has  been  washed  away  at  the  foot  of  the  main  busi- 
ness street  of  Brownville.  The  railroad  company  has  been  compeUed  to  move  its  depot- 
grounds,  buildings,  and  road-bed,  until  now  the  track  for  nearly  a  mile  northward  lies 
(^lose  against  the  nigh  bluffs,  and  the  protection  of  the  bank  nas  become  a  necessity 
which  can  no  longer  ue  delayed. 

A  portion  of  the  town  is  built  on  the  bottom  below  Main  street,  and  the  encroach- 
ment of  the  river  has  compelled  the  removal  of  a  number  of  the  residences,  but  there 
Mtill  remain  about  twenty-five  houses,  a  portion  of  which,  as  weU  as  a  fertile  farming 
diHtrict  below,  is  in  danger,  if  the  banks  are  allowed  to  continue  cutting. 

The  greatest  amount  of  caving  occurs,  however,  on  the  Missonri  si<le,  in  the  bend 
opposite  the  city,  and  the  "point"  is  fast  moving  down  in  front  of  the  town.  When 
this  occurs  the  present  situation  at  Nebraska  City  will  be  duplicated,  the  river-firontage 
of  Brownville  being  entirely  occupied  by  sand-bars.    The  inhabitants  naturally  desire 
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to  protect  their  landing,  their  transfer  husineas  being  large  and  increasing.  A  gnirey 
would,  in  all  i»robahility,  develop  no  other  plan  of  improvement  than  a  revetment  of 
the  caving  bank,  and  it  is  very  important  if  any  such  improvement  is  to  be  made  that 
it  be  undertaken  at  once. 

It  is  therefore  recoumiended  that  a  sum  of  money  l>e  appropriated  'which  "would  allow 
works  of  protection  to  be  prosecuted  at  the  same  time  tiiat  a  survey  would  be  in  pro- 
gress, and  to  leave  the  linal  c^stimate  of  such  work  until  the  survey  determines  it. 

At  the  vorv  least,  over  a  mile  of  bank  must  be  protected,  a  preliminary  estimate  of 
cost  of  which  is  placed  at  $50,000. 

The  shortest  permissible  length  of  survey  required  is  16  miles,  between  Peru,  Nebr., 
and  Nemaha  Citv,  Nebr.,  which  would  cost *f  1,600 ;  but  it  would  be  far  preferable  if  we 
could  connect  with  the  survey  already  made  at  Nel>ra8ka  City.  Thia  would  iucrease  the 
survey  distance  to  23  iiules,  and  would  cost  $3,000. 
Very  respectfully,  your  obedient  servant, 

A.  H.  Blaisdell, 
AesUtamt  Enffimeer, 
M^j.  Chas.  R.  Sutrr, 

Corps  of  Engineers,  U.  S,  A, 


M    12. 

SURVEY  OF  MISSOURI  RIVER  AT  SIOUX  CITY,  IOWA. 

United  States  Engineer  Office, 

Saint  LouiSj  Mo.^  May  23,  1878. 

General  :  I  have  the  honor  to  report  that  in  accordance  with  your 
instructions  of  April  24, 1878^  I  have  caused  an  examination  and  survey 
to  be  made  of  the  harbor  of  Sioux  City,  Iowa,  and  the  report  of  Mr.  M;dl 
Boehmer,  assistant  engineer,  together  with  a  map  of  the  locality,  is 
submitted  herewith.  The  expenses  of  this  examination  were  defrayed 
by  the  city  government.  Lack  of  time  and  fiinds  prevented  the  exten- 
sion of  the  survey  to  the  fuU  extent  deemed  desirable,  and  the  stage  of 
water  was  too  low  to  obtain  definite  information  respecting  the  direction 
of  currents,  &c.  Still,  I  think  Mr.  Boehmer's  report  presents  the  caso 
fairly.  He  states  that,  owing  to  several  cut-offs  which  have  occurred 
above  the  town,  the  regimen  of  the  river  has  been  very  much  disturbed, 
producing  an  excessive  slope  and  velocity,  besides  directing  the  current 
against  the  town  landing,  which  has  been  severely  abraded.  He  states 
that  changes  which  are  still  in  progress  render  it  probable  that  after  the 
next  high  water,  the  point  of  impact  of  the  current  will  be  transferred 
so  far  downstream  that  the  upper  portion  at  least  of  the  landing  wiU 
probably  be  safe.  To  protect  the  whole  front  will  require  a  revetment 
3,000  feet  long,  extending  from  Perry  Creek  to  Jennings  street.  Below 
that  point  the  value  of  property  would  not  justify  the  expense  of  works 
of  protection. 

With  these  conclusions  I  agree  substantially,  as  also  with  the  kind  of 
protection  recommended,  but  I  should  not  feel  justified  in  recommending 
as  extensive  a  revetment  as  mentioned  until  I  have  had  an  opportunity 
of  seeing  the  condition  of  affairs  at  high  water.  As  the  case  stands,  it 
seems  to  me  that  the  caving  of  the  point  of  the  Nebraska  shore  above 
Co>ington  threatens  to  fill  up  the  upper  portion  of  the  harbor  with  sand- 
bars, and  that  this  danger  is  more  imminent  and  more  to  be  deprecated 
than  the  caving  in  of  the  opposite  shore.  The  preservation  of  the  har- 
bor will  probably  require,  therefore,  that  this  point  should  be  held,  and, 
therefore,  the  work  along  the  town  front  should,  for  the  prei^ent,  be 
limited  to  that  portion  which  would  need  protection  under  any  circiuu- 
stances. 
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For  the  present,  therefore,  I  should  recommend  that  only  1,500  feet  of 
revetment  be  built  fix)m  Jennings  street  upstream,  which  would,  on  Mr. 
Boehmer's  estimate,  cost  $12,750,  to  which  should  be  added  $2,250  for 
forther  surveys,  bringing  the  whole  amount  up  to  $15,000,  which  should 
be  made  available  at  once, 

I  am,  general,  very  resx)ectfully,  your  obedient  servant, 

Chas.  R.  Suteb, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphbeys, 

Chief  of  Engineers^  IT.  8.  A. 


REPORT  OF  MR.  MAX  BOEHMKR,  ASSISTAlTr  ENGINEER. 

Saint  Louis,  Mo.,  May20y  1878. 

Major  :  I  have  the  honor  to  re{>oTt  as  foUows  on  the  survey  of  the  Missouri  River  in 
tlie  vicinity  of  Sioux  City,  Iowa. 

Tlie  field-work  was  done  during  the  first  week  of  this  month. 

The  survey  is  intended  to  determine  the  cheapest  and  most  feasible  plan  for  the  pro- 
tection against  the  encroachment  of  the  river  of  the  Iowa  bank  immediately  in  front 
of  the  town. 

The  accompanying  map  shows  that  the  river-fix)ntage,  from  the  {>oint  of  bluff  above 
Perry  Creek  to  the  Floyd  River,  has,  since  1870,  receded  a  distance  of  from  100  feet  to 
a  maximum  of  300  feet.  The  heaviest  inroads  have  been  made  since  1876,  after  the 
Missouri  cut  its  way  into  the  bed  of  the  Big  Sioux  River,  at  a  point  2^  miles  above 
town. 

By  this  change  the  river  shortened  its  course  about  one  mile,  and  the  increased  speed 
of  the  current  as  well  as  the  new  direction  of  the  channel  caused  a  greater  rate  of 
abrasion  in  front  of  the  town.  The  stream  has  not  yet  recovered  its  normal  slope  at 
this  pointj  I  think,  judging  firom  the  great  velocity  of  the  current  at  different  places. 
But  this  18  due,  probably,  less  to  the  Big  Sioux  cut-off,  but  is  caused  to  a  greater  ex- 
tent by  another  cut-off  wnich  occuiTe<l  but  a  year  ago,  and  which  shortened  the  river 
4  miles  at  a  point  about  12  miles  above  town. 

The  levels  show  a  mean  slope  of  0.923  foot  per  mile  for  a  distance  of  6  miles,  the 
extent  of  the  survey.  The  range  between  hign  and  low  water  at  Sioux  City  is  15.5 
feet,  according  to  records  in  the  city  engineer's  office.  The  stage  of  the  river  during 
the  survey  was  10.1  feet  below  an  approximate  highwater  mark  of  1857,  the  highest 
water  known. 

The  river  above  town  has  no  weU-determinod  shape,  the  shores  are  irregular  and 
nnstable  at  most  points,  and  changes  are  liable  to  occur  here,  which  would  greatlv 
affect  the  course  of  the  channel  along  the  town  fix)nt.  Revetment  of  the  Iowa  bank 
is  the  only  remedy,  but  tiU  the  action  of  the  next  high  water  has  been  observed,  it  is 
hardly  possible  to  form  a  conclusive  opinion  and  determine  the  length  of  revetment 
which  IS  absolutely  necessary. 

The  shore  from  the  bluff  to  Perry  Creek  is  protected  from  serious  attack  by  the  bluff 
itself,  and  may  safely  be  left  without  revetment  under  all  circumstances.  From  Perry 
Creek  to  Nebraska  street  the  bank  will  probably  be  attacked  to  some  extent,  but  not 
seriously.  But  at  the  latter  street  the  channel  strikes  the  shore,  and  firom  here  to  the 
mouth  of  Floyd  River  heavy  caving  must  be  expected  for  this  season  and  probably 
the  next.  By  that  time  it  is  reasonable  to  expect  such  changes  in  the  river  as  will 
make  all  revetment  of  the  upper  portion  of  the  shore-line  unnecessary,  for  the  follow- 
ing reasons :  The  lower  part  of  the  northern  side  of  the  wiUow  island  and  also  the 
point  of  the  Nebraska  shore  at  Covington  are  attacked  by  the  fuU  force  of  the  chan- 
nel, and  both  are  caving  fast ;  from  here  the  channel  crosses  to  the  Iowa  side.  The 
point  of  impact  on  the  latter  shore  will  move  downstream  as  fast  as  the  Nebraska 
shore  and  tne  island  are  washed  away,  and  one  attack  of  high  water  may  have  suffi- 
cient force  to  carry  the  point  of  impact  below  the  river-firontage  of  the  city  proper. 
The  shore  below  Jennings  street  is  of  less  importance  and  not  worth  protecting. 

It  is  also  necessary  to  observe  the  effect  of  a  high  stage  of  water  in  the  old  l)ed  of 
the  river,  the  present  slough,  south  of  the  willow  island.  The  water  in  this  slough 
has  no  tangible  effect  on  the  main  channel  during  a  low  stage,  and,  at  the  time  of  the 
survey,  its  sectional  area  showed  but  14.3  per  cent,  of  the  total  section  of  the  river; 
this  rejireseuting  al>out  10  per  cent,  of  the  total  discharge.  But  its  effect  during  a 
high  stage  is  probably  greater  and  will  develop  a  tendency  to  drive  the  main  channel 
over  to  the  Iowa  side.     I  have  been  informed,  however,  that  every  year  this  old  chan- 
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nel  ffTowB  more  shallow,  and  from  sucli  action  it  may  be  snpposed  to  have  but  little 
effect  even  during  a  high  stage. 

The  following  conclusions  may  consequently  be  drawn : 

Ist.  There  is  no  imminent  danger  to  any  valnable  buildings  or  improvements  at  any 
point. 

2d.  The  cost  of  revetment  exceeds  the  amount  of  damage  that  can  jKJssibly  be  done 
to  real  estate  and  buildings. 

3d.  The  river-frontage  of  the  main  iK)rtion  of  the  town  may  be  expected,  to  be  per- 
fectly safe  after  the  season  of  1879. 

4th.  The  length  of  revetment  necessary  cannot  be  safely  determined  until  the  effect 
of  the  next  rise  has  been  observ'ed. 

5th.  No  revetment  is  necessary  above  Perry  Creek. 

Should  it,  however,  be  deemed  desirable  to  preserve  the  river-firontage  in  it*s  present 
shape  at  all  hazards,  then  a  mattress  revetment,  3,000  feet  in  length  and  reaching  from 
Perry  Creek  to  Jennings  street,  is  to  be  recommended.  Stone  in  this  neighborhood 
cannot  be  furnished  for  less  than  |3.25  per  cubic  yard,  but  even  at  that  price  it  i.i 
cheaper  and  more  safe  to  use  stone  than  to  adopt  a  system  of  piling,  or  any  other 
method  of  holding  the  mattresses  in  place. 

With  the  above  price  for  stone,  and  brush  at  |1  per  cord,  the  cost  of  revetment  has 
been  estimated  at  |8.50  per  linear  foot,  making  a  total  cost  oi  3,000  feet  at  $8.50,  |25,500. 
Very  respectfully, 

Max  BoEHMiiR, 
Aasistant  Engin^ear. 

M^j.  Charles  R.  Suter, 

Corps  of  Engineers^  U.  S»  A, 
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AKl^UAL  REPORT  OP  COLONEL  J.  H.  SIMPSON,  CORPS  OF 
ENGESTEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1878. 

United  States  Engineer  Office, 

Saint  LoMiSj  Mo.^  July  16,  1878. 

General  :  I  hare  the  honor  to  submit  herewith  my  anmial  report 
upon  the  river  and  harbor  improvements  under  my  charge,  for  the  ^cal 
year  ending  June  30, 1878. 

Additional  duties  have  been  performed  by  me  during  the  year  as  fol- 
lows: 

President  of  Board  of  Engineers  constituted  by  Special  Orders  No. 
141,  HeMquari;ers  of  the  Army,  Adjutant-General's  Office,  dated  June 
28,  1877,  to  examine  and  report  ui>on  the  most  advisable  means  of  pre- 
serving the  water-front  of  Vicksburg,  and  of  arresting  the  danger  which 
appears  to  be  apprehended  from  the  cut-off  op]X)site  that  city.  Report 
of  Board  submitted  under  date  of  January  22, 1878. 

President  of  Board  of  Engineers  constituted  by  Special  Orders  No. 
^^  Headquarters  Corps  of  Engineers,  dated  August  1,  1877,  to  consider 
.and  report  ujwn  the  project  for  a  bridge  across  the  Ohio  River  at  Beaver, 
Pa.    Report  submitted  August  15,  1877. 

President  of  Board  of  Survey  constituted  by  Special  Orders  No.  41, 
Headquarters  of  the  Army,  Adjutant-General's  Office,  dated  February  26, 
1878,  to  examine  and  report  fully  upon  the  facts  connected  with  the  loss 
of  the  dredge-boat  McAlester.  Report  submitted  from  New  Orleans, 
March  23, 1878. 

President  of  Board  of  Engineers  constituted  by  Special  Orders  No.  40, 
Headquarters  Cori)s  of  Engineers,  dated  April  9,  1878,  to  consider  and 
report  upon  the  plan  and  location  of  the  bridge  proposed  to  be  erected 
over  the  Missouri  River  at  or  near  Glasgow,  under  an  act  of  Congress 
approved  March  13, 1878.  Report  submitted  April  20, 1878. 
Very  respectfully,  your  obedient  sen^ant, 

J.  H.   SEtfPSON, 

Colonel  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EngineerSj  If.  8.  A. 


N  I. 

IMPROVEMENT  OF  THE  MISSISSIPPI   RIVER  BETWEEN  THE   MOUTHS  OF 

THE  ILLINOIS  AND  OHIO  RIVERS. 

BETWEEN  THE  ILLINOIS  AND   MISSOURI  RIVERS. 

The  balance  of  appropriation  applicable  to  work  within  these  limits 
July  1,  1877,  was  $10,561.72,  with  which  it  was  proposed  to  continue  the 


678         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

construction  of  the  dam  at  Piasa  Island,  and  to  make  such  repairs  and 
extension  of  the  shore  connections  of  Alton  Dam  as  were  needed. 

DAM  AT  PIASA  ISLAND. 

By  the  operations  of  the  year  the  prism  of  the  dam  has  been  filled  to 
a  height  of  6  feet  above  low  water,  except  for  a  distance  of  400  feet  near 
its  eastern  end,  which  remains  incomplete.  The  head  of  the  island  had 
also  been  revetted  to  prevent  its  further  erosion.  Both  dam  and  revet- 
ment are  now  practically  complete,  at  a  cost  of  $32,333.30,  against  an 
estimated  cost  of  $41,210.73 ;  the  saving  arising  from  the  unexi)ected 
stability  of  a  sand-bar,  w  hich  is  crossed  by  the  dam  and  which  has  not 
washed  away  as  anticipated. 

The  expenditures  were — 

22  piles |fi6  00 

5,8o7.03  cubic  yards  riprap 7,  463  45 

Gfra<liii^ 1  fig  49 

Engineering  and  contingencies .•••..  896  99 

8,596  93 
ALTON  DAM. 

The  revetments  have  been  repaired  and  extended  to  an  extent  deemed 
sufficient  to  secure  the  work. 
The  expenditures  were — 

998.:^  cubic  yards  riprap ,. $1,185  60 

Grading 27  07 

Engineering  and  contingencies 346  40 

1,559  07 

The  completion  of  these  dams  renders  it  proper  to  commence  a  new 
work  under  the  recent  appropriation  of  $20,000,  the  location  of  which 
will  be  made  when  the  stage  of  water  permits. 

SAWYER  BEND. 

The  work  at  this  locality  having  been  susi>ended  since  1875  for  want 
of  fimds,  the  upper  end  of  the  protection  was  in  danger  of  being  de- 
tached from  the  shore,  rendering  it  necessary  to  revet  in  part  the  space 
between  the  two  upper  spur-dikes,  and  also  to  repair  a  number  of  the 
spurs. 

The  expenditures  were — 

1,1»2.62  cubic  yards  riprap |1,514  80 

Engineering  and  contingencies..... 360  10 

1.874  90 

Further  repairs  will  be  necessary  during  the  coming  season,  and  it  is 
proposed  also  to  devote  a  part  of  the  appropriation  of  June  18, 1878,  to 
the  prolongation  of  the  protection. 

VENICE. 

'^o  work  was  done  at  this  locality  except  a  survey  to  ascertain  the 
damages,  if  any,  resulting  to  riparian  owners  from  the  government  work 
actual  and  proposed.  The  report  of  this  survey  was  made  April  10, 
1878. 

Ko  work  is  proposed  the  coming  season. 
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GAHOKIA  CHUTE. 

The  balance  available  was  not  sufficient  to  warrant  any  attempt  at 
the  construction  of  the  dam.  The  revetments  at  the  site  of  the  proposed 
clam  were  8treng:thened  and  the  revetment  of  the  west  side  of  the  island 
completed  for  a  length  of  685  feet. 

The  exi)enditure8  were — 

4,093.47  cubic  yards  riprap $4,  574  75 

Grwling :.  332  05 

Kngiueering  and  contiogeucies 537  85 

5,  444  65 

In  consequence  probably  of  the  suggestion  made  in  my  last  annual 
report  that  this  chute  would  afford  a  ^vorable  opportunity  for  the  con- 
struction of  an  ice-harbor,  a  si)ecial  report  and  estimate  was  called  for, 
which  was  made  in  my  absence  by  Capt.  Charles  J.  Allen,  Corps  of  En- 
^neers.  The  plan  propose<l  I  deem  practicable,  and  the  object  is  cer- 
tiiinly  an  important  one.  I  therefore  recommend  the  matter  to  the  con- 
sideration of  Congress. 

In  the  appropriation  aet  approved  June  18, 1878,  provision  was  made 
for  the  construction  of  the  dam  across  the  chute  to  the  full  amount  of 
the  estimate.  It  is  hoi)ed  this  wUl  suffice  to  complete  the  low  dam,  and 
any  fuither  estimate  or  appropriation  would  be  applicable  to  the  con- 
struction of  the  ice-harbor.  The  two  channels  at  Arsenal  Island  have 
continued  to  divide  the  water,  either  being  na\igable,  but  the  lai'ger 
and  deeper  boats  have  mostly  used  the  Cahokia  Chute. 

A  recent  examination  of  the  site  of  the  dam  develops  a  regular  bottom 
w  ith  comparatively  slight  variations  of  depth,  except  along  the  Illinois 
shore,  where  the  depth  at  a  22-foot  stage  was  37  feet.  This,  however,  is 
ill  a  blind  pocket  behind  a  sand-bar,  the  greatest  depth  in  the  true 
channel  being  24.8  feet.  The  conditions  are  favorable  to  the  construc- 
tion of  the  dam  if  no  serious  change  takes  place  when  the  river  falls. 

As  an  illustration  of  the  influence  the  change  of  the  bottom  has  upon 
the  navigation  of  the  Mississippi  and  all  questions  of  its  improvement, 
the  following  comparison  of  cross-sections  is  made : 

First  section  made  December ^  1874. 

Area  of  Cahokia  Chnte  sonnded  at  6-foot  stage : 

Reduced  to  d-foot  stage =12,411    and  to  0  stage    =  6,526 

Area  of  Arsenal  Chnte  sounded  at  6-foot  stage : 

Reduced  to  S^foot  stage =19,775    and  to  0  stage    =  8,023 

Total  area,  square  feet 32, 186  14,  549 

Second  section  made  November  25,  1876. 

Area  of  Cahokia  Chnte  sounded  at  10|-foot  stage : 

Reduced  to  8-foot  stage =20,700    and  toO  stage    =11,332 

Area  of  Arsenal  Chnte  sonnded  at  10|-foot  stage : 

Reduced  to  8-foot  stage =16,800    and  to  0  stage    =  4,078 

Total  area,  square  feet 37,  500  15,  410 

Third  section  made  July,  1878. 

Area  of  Cahokia  Chute  sonnded  at  22-foot  stage : 

Reduced  to  8-foot  stage =16,  036    and  to  0  stage      =4,  598 

Area  of  Arsenal  Chute  sounded  at  22  foot  stage : 

Reduced  to  8-foot  stage =12,300    and  to  0  stage      =:3,  875 

Total  area,  square  feet 28,  336  8,  473 
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Of  the  4,598  square  feet  found  at  Cahokia  Chute  after  reducing  to  0 
stage,  3,112  square  feet  are  cut  oft*  from  the  main  river,  leaving  1,476 
square  feet  to  be  added  to  3,875  to  give  the  low-water  area  of  5,351 
square  feet  obtained  by  reducing  the  soundings  taken  at  22-foot  stage. 
Comparing  this  with  areas  obtsiined  by  reduction  from  soundings  at 
lower  stages,  the  fact  of  enlargement  of  section  attending  fall  of  siufaoe 
is  evident,  and  aftbrds  another  link  in  the  chain  of  evidence  that  the 
channel-filling  at  high  water  is  general  and  not  limited  to  bars  or  shoals. 

HORSETAIL  BAR. 

The  difficulties  encountere^l  at  this  locality  in  previous  years  were  not 
repeated  the  past  season.  For  a  time  the  depth  in  the  channel  was 
reduced  to  4J  feet,  and  much  apprehension  was  felt  on  the  part  of 
river-men  that  the  previous  experience  would  be  repeated.  As  there 
was  a  disturbing  cause  at  work  producing  a  local  movement  of  sand,  the 
hope  was  indulged  that  the  obstruction  would  be  but  temi>orary.  Tliis 
hope  was  realized  in  a  few  days,  a  continual  decline  of  stage  brought  the 
scattered  waters  together,  and  a  fair  channel  wa»  maintained  for  the 
balance  of  the  season,  at  no  time  aifording  less  water  than  existed  else- 
where in  the  river,  and  gradually  deepening  to  8^  and  9  feet,  at  which 
<lei)th  the  channel  maintained  itself  during  the  winter,  by  which  I  mean 
that  during  the  minor  rises  and  falls  of  the  late  fall  and  winter  the  chan- 
nel maintained  a  nearly  constant  depth. 

It  has  been  repeatedly  said  in  the  reports  ui)on  these  works  that  the 
improvement  of  the  low- water  river  would  not  secure  a  good  channel  at 
all  stages.  It  is  stiU  necessary  to  rei>eat  the  statement,  for  it  is  a  funda- 
mental proposition  consequent  upon  the  fact  that  the  bed  of  the  river 
fills  at  flood  and  clears  itself  at  low  stages.  Failure  to  recognize  this 
fact  with  its  logical  consequences  must  always  lead  to  failing  ami  disajv 
pointment  in  pi*actical  works,  and  vitiate  all  theoretic  reasoniiig  alK)ut 
the  river.  The  period  of  worst  navigation  last  year  was  during  tlie  time 
of  decline  from  a  stage  of  10  to  7  feet ;  pre\4ous  years  it  was  at  a  higher 
stage.  The  cause  of  last  yeai-'s  trouble  arose  from  the  peculiar  coiu^ 
of  the  channel  around  the  head  of  one  of  the  dikes,  the  outer  end  of  which 
had  settled  during  the  summer  rise.  A  sand-bar  was  deposite<l  in  mid- 
river  above  and  quite  near  the  dike.  Wlien  the  water  fell  the  channel 
lay  between  the  end  of  the  dike  and  this  bar.  Under  these  conditions, 
wlien  the  dike  was  restored,  the  end  having  settled  some  28  feet,  the 
channel  was  crowded  against  the  bar,  which  yielded  (but  only  after  the 
depth  of  water  became  over  70  feet).  This  scouring  of  the  l>ed  and 
erosion  of  the  bar  set  in  motion  a  vohune  of  sand  which  exceeded  the 
ability  of  the  ciu^rent  in  the  section  of  river  below  to  disi)ose  of,  and,  of 
consequence,  a  reef  was  developed.  The  spill- way  over  this  reef  being 
three-fourths  of  a  mile  or  more  in  length,  allowe<l  the  water  to  pass  in  » 
thin  sheet  without  any  defined  channel.  Early  in  October  the  dike  was 
restored  to  its  full  length,  and  so  soon  as  its  reconstniction  ce>ased  the 
cutting  at  the  dike  stopped,  the  reef  was  cut  through,  and  a  defined 
chaimel,  i^ermanent  for  the  season,  was  develoi)ed. 

The  training- wall  mentioned  in  my  last  annual  report  as  necessars'  to 
complete  the  improvement  was  commenced  last  season,  and  2,550  feet  of 
it  built  to  a  height  of  12  feet  above  low  watei',  at  a  cost  of  $8  x>er  buear 
foot. 

The  only  work  on  the  perpenchcular  dikes  dining  the  year  was  the 
restoration  of  the  outer  end  of  dike  No.  3,  and  the  closure  of  one  of  the 
breaches  in  dike  No.  5. 
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The  expenditures  were — 


Dike  No.  3: 

10,256.20  cubic  yards  riprap $10,842  49 

!Eugiueering  and  contingeucies 784  43 

11, 626  92 

i)i left  Pf o    ^ * 

4,290.57  cubic  yards  riprap... $4,415  82 

!Eugiueering  and  contingencies 258  30 

4,674  12 

Training-wall: 

357  piles *.........* ........^ $1,129  69 

976.:M  cords  brush 1,686  36 

Old  barge-huU 350  00 

15,346.09  cubic  yards  riprap 16, 246  72 

Engineering  and  contingencies 985  39 

20,398  16 

During  the  coining  season  it  is  proposed  to  close  the  remaining  breach 
in  dike  No.  5 ;  to  repair  dike  No.  3,  and  to  continue  the  construction  of  the 
training-walL 

FORT  CHABTRES  DAM* 

No  work  was  done  at  this  dain  during  the  year,  and  none  is  contem- 
plated during  the  coming  season.  Continued  changes  in  the  bend  above 
may  eventually  bring  about  the  necessity  of  allowing  the  channel  to  go 
tlirough  the  dam,  but  it  is  hoi)ed  that  an  appropriation  may  be  made 
applicable  to  the  protection  of  Fish  Bend  in  time  to  prevent  this  change. 
This  bend  is  ca\^g  rapidly  and  needs  protection.  The  length  is  very 
considerable — 20,000  feet — and  its  protection  will  cost  about  $10  per  foot. 

TURKEY  ISLAJ^D  DAM. 

Eemains  as  last  reported;  no  work  done  or  contemplated. 

PROTECTION  OF  BANK  NEAR  KASKASKIA. 

After  long  hesitation  the  attempt  was  made  to  check  the  caving  of 
this  bend.  Brush  and  stone  footing  was  placed  along  1,100  feet  of  the 
bank  near  the  head  of  the  active  ca\ing,  and  with  a  \iew  to  guard  against 
a  possible  cutting  of  the  Mississippi  through  into  the  Kaskaskia  imme- 
diately above  the  point  of  nearest  approach  of  the  two  rivers.  The 
nevere  weather  of  the  latter  part  of  November  rendered  it  necessary  to 
close  operations  when  the  height  of  the  protection  was  13  feet  above  low 
water.  The  small  balance  available  did  not  warrant  resumption  of 
work. 

The  spring  rise  of  the  river  commenced  an  active  erosion  about  one- 
half  mile  above  the  revetment,  which  in  a  short  time  worked  down  to  it 
and  to  some  unknoTvn  extent  behind  it.  The  high  stage  of  water  when 
the  locahty  was  last  visited  was  unfavorable  to  an  accurate  determina- 
tion of  the  condition  of  the  work  placed  last  fall ;  but  there  are  serious 
grounds  to  apprehend  that  it  is  nearly  if  not  wholly  lost.  Had  the 
amount  available  been  greater  so  that  the  work  could  have  been  resumed 
early  this  spring,  the  loss  would  not  have  occurred. 

The  changes  at  this  locality  during  the  winter  and  spring  have  been 
very  great,  the  caving  progressing  more  rapidly  than  ever  before,  ren- 
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dering  it  probable  that  the  portion  of  river  between  Kaskaskia  and  Saint 
Mary's  will  be  very  troublesome  to  navigation  the  coming  fall  from  the 
vast  quantities  of  sand  which  have  been  moved  out  of  Kaskaskia  Bend. 

The  act  of  June  18, 1878,  set  apart  $10,000  for  the  improvement  ot 
this  bend,  but  the  condition  is  such  that,  in  the  light  of  last  year's  expe- 
rience, it  has  been  deemed  advisable  to  allot  $10,000  additional  from  the 
pait  of  the  general  appropriation  not  allotted  by  Congress. 

The  expenditures  during  the  year  were— 

28  piles $56  00 

189.53  cords  brush 391  12 

2,267.39  cable  yanls  riprap 3, 174  35 

Grading 66  40 

Engineering  and  contingencies 826  44 

4, 514  31 
LIBERTY   ISLAND. 

Xo  work  was  done  in  this  vicinity  last  year  owing  to  laek  of  means. 
The  incomplete  revetments  have,  in  consequence,  suffered  material  in- 
jury. The  bjink  for  nearly  a  mile  above  the  revetment  is  now  caving, 
and  at  the  upper  end  of  the  revetment  the  bank  has  retreate<l  from  20  to 
50  feet  from  the  position  it  had  a  year  ago.  So  far  as  can  be  determined 
at  the  present  stage,  it  is  probable  that  a  flat  bench  extends  from  the 
top  of  the  revetment  in  to  the  foot  of  the  new  bank.  If  neglected,  this 
bench  will  be  washed  out  and  a  destructive  current  run  inside  of  the 
revetment.  It  is  therefore  designed  to  apply  $20,000  of  the  recent  ap- 
propriation to  the  strengtheuing  and  extending  of  the  revetments 

Interruptions  of  work  for  want  of  funds  are  costly.  A  year  ago  the 
bank  was  in  excellent  8hai)e  for  raising  the  revetment ;  now,  some  2,000 
feet  of  the  upper  end  will  require  much  additional  work  to  restore  it  to 
the  condition  attained  a  year  ago. 

To  illustrate  the  value  of  the  protection  of  caving  bends  as  an  improve- 
ment of  the  navigation,  I  insert  from  the  files  of  my  office  copies  of  let- 
ters received  from  J.  P.  Keiser,  superintendent  of  Memphis  and  Saint 
Louis  Packet  Company,  premising  that  at  the  time  these  letters  were 
written  it  was  considered  a  hopeless  task  to  clear  the  Missouri  Chute  of 
snags.  Since  the  revetment  of  the  bank  no  very  great  amount  of  work 
has  been  done  by  snag-boats,  and  no  boat  has  received  injury  at  the  lo- 
cality.   What  the  condition  was  may  be  learned  from  the  foliowing : 

letter  from  capt.   john  p.  keiser,   8uperinteia)ent  of  memphis  and    saint 

louis  packet  company. 

Office  of  Memphis  and  Saint  Louis  Packet  Company, 

'Saint  LauiSf  December  30,  1874. 

Dear  Sir  :  The  inclosed  letter  shows  the  condition  of  the  river  at  Liberty  Island. 
You  wiU  excnse  the  liberty  I  take  in  sending  it  to  you,  when  you  know  the  importance 
it  is  to  us  as  a  packet  company,  and  knowing  also  that  you  would,  in  youc  omciaJ  ca- 
pacity, like  to  know  of  the  important  places  to  operate  when  the  season  comes  to  op<*r- 
ate  your  work.  I  have  telegraphed  to  the  captain  of  the  De  Bussy  of  the  importance 
of  her  coming  there,  and  this  morning  received  a  telegram  that  he  would  start  np 
to-day,  but  am  afraid  the  cold  weather  will  prevent  her  doing  any  good. 

We  have  ordered  our  boats  to  double-trip  their  freight  over  the  bar  on  the  Illinois 
side  in  preference  to  going  down  the  Missouri  side.  Five  vears  ago  the  channel  waa 
down  the  Missouri  side,  and  it  cost  this  company  between  |60,000  and  ^0,000  repairs 
to  Marble  City^  Belle  Saint  LouiSy  and  Adnm  Jacobs,  and  the  OHre  Branch  and  W.  J.  Letris 
both  sunk  on  that  side ;  the  last  two  did  not  belong  to  us.  Our  pilots  report  that  it 
is  impossible  for  a  boat  to  go  through  that  side  without  striking. 

When  the  water  get-s  very  low  the  channel  goes  down  on  that  side  in  consequence 
of  the  gravel  on  head  of  Liberty  Island.    I  beueve  that  the  boatmen  all,  without  an 
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exception,  agree  with  me  that  it  is  more  important  new  to  close  np  the  Miflsouri  side 
of  Liberty  Ishind  with  a  dike  than  any  other  point  on  the  river. 
Hoping  yon  will  give  the  matter  due  consideration, 
I  am,  yours  respectfully, 

Jxo.  P.  Keiser, 

Superinteiulent, 
J.  H.  Simpson, 

Colonel  of  Engineers^  U.  S,  A, 


i-etter  of  a,  8.  ughtner,  steamer  e.  c.  eu.iott,  to  superintendent  of  mem- 
phis and  saint  louis  packet  company. 

Grand  Tower,  III., 

December  27,  1874. 

Dear  Sir  :  On  our  down  trip  I  only  find  4  feet  of  water  at  Sheep  Island,  on  Illinois 
side  of  Lil>ert.y  Island,  the  way  we  have  been  running.  The  iron  steamer  tow-boat, 
Alex.  Swift,  has  just  sounded  the  Miss<mri  side  of  Liberty  Island  and  reports  6  feet  of 
water,  but  im|)ossible  for  any  boat  to  run  on  account  of  the  logs,  as  it  is  a  perfect 
mass  of  logs  from  the  head  to  the  foot  of  the  island.  The  water  is  drawing  off  very 
fast  down  the  Missouri  side  of  tbe  island,  and  I  do  not  think  there  will  be  over  3  feet 
water  down  the  Illinois  side  of  Liberty  Island  in  three  days  from  this  time  if  there  is 
not  something  done  with  the  Missouri  side.  Either  the  logs  removed  or  a  dike  built 
across  the  Missouri  side  to  throw  the  water  back  to  the  Illinois  side  would  be  the 
most  advisable  plan  if  it  could  be  done  at  once.  There  is  one  thing  certain,  if  there 
is  not  something  done  you  can  consider  Liberty  Island  abont  the  foot  of  navigation 
for  the  present. 

Yours,  respectfully, 

A.    S.   LiGHTNER, 

Steamer  E.  C.  Elliott. 
'  Capt.  J.  P.  Keiser, 

Superintendent  Memphia  Packet  Company, 


letter  from  capt.  john  p.  keiser,  superintendent  of  memphis  and  saint 

louis  packet  company. 

Office  of  Memphis  and  Saint  Louis  Packet  Company, 

Saint  Louis,  June  17,  1875. 

Dear  Sir:  My  attention  has  been  called  to  the  fact  that  the  channel  at  the  head 
of  Libert  J'  Island  is  now  very  close  on  to  the  head  of  the  island,  and  the  probability  is 
that  the  cbaimel  will  go  down  the  Missouri  side  if  the  water  should  fall  much  more. 
This  is  the  bad  place  I  wrote  you  about  last  fall,  when  we  had  concluded  to  lay  our 
boats  up  rather  than  run  down  that  side  until  something  was  done  with  it.  I  got  Mtgor 
Suter  to  send  a  snag-boat  up  to  try  to  take  the  logs  out,  but  the  weather  turned  so 
cold  that  the  snag-boat  had  to  turn  back  on  account  of  the  ice,  and  the  river  closed,  so 
we  have  not  had  to  run  it  yet.  The  only  boat  that  tried  to  run  it  last  fall  was  lost, 
the  tow-boat  Babbage ;  the  Lewis  sunk  there  the  fall  before.  We  have  never  had  one 
of  our  own  boats  to  go  through  there  in  low-water  without  striking  a  break. 

We  consider  the  closing  of  this  channel  more  important  than  others  between  this 
and  Cniro. 

Very  respectflilly,  your  obedient  servant, 

John  P.  Keiser, 

Superintendent, 
General  Simpson, 

Colonel  Engineer  Corps,  U,  S.  A, 

A  revetment  of  the  Missouri  shore  was  substituted  for  tbe  proposed 
closing  of  the  Missouri  chute,  and  no  complaint  of  difliculty  or  loss  has 
been  made  for  two  seasons. 

devil's  island. 

At  the  date  of  the  last  annual  report  work  was  in  progress  on  dams 
yos.  1  and  2.  The  gap  then  mentioned  as  existing  near  the  e^st  end  of 
dam  No.  1  was  filled  and  dam  No.  2  raised  to  a  height  of  14  feet  above 
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low-water.  Both  dams  are  completed  except  a  gap  near  the  west  end  of 
No.  1,  which  has  been  buried  in  sand  for  the  past  two  years,  and  is  liable 
to  be  washed  away  at  any  time. 

Dike  No.  1  in  the  main  or  Missouri  Channel  was  repaired,  and  the 
revetments  strengthened. 

The  expenditures  were— 

Dam  No.  1 : 

2,026.68  cubic  yards  riprap $3,040  02 

Engineering  and  contingencies 539  60 

3,579  62 

Dam  No.  2 : 

817.36  cubic  yards  riprap $1,226  04 

Engineering  and  contingencies . 206  24 

1,43228 

Dike  No.  1: 

4,153.98  cubic  yards  riprap $6,230  97 

Grading I 63  91 

Engineering  and  contingencies.. 1, 107  91 

7,  402  79 

As  the  works  are  apparently  in  good  condition,  it  is  not  intended  to 
expend  any  part  of  the  ai)propriation  recently  made,  at  this  locality. 

DICKEY  ISLAND  TO  MOUTH  OF  THE  OHIO. 

• 

Tlie  work  done  in  the  fall  season  of  1876  not  only  passed  through  the 
winter  and  spring  without  injury,  but  also  proved  effectual  to  stop  the 
cutting  away  of  the  bank.  The  upper  500  feet  which  was  above  the  old 
spur-dikes  assumed  a  moderate  slope  as  had  been  anticipated,  which 
slope  was  revetted  during  the  fall  of  1877  to  a  height  of  25  and  30  feet 
above  low-water.  The  footing  was  also  extended  1,000  feet  ui>sti-eain, 
and  the  bank  revetted  to  the  top  of  the  defined  slope,  or  about  13  feet 
above  low-water. 

A  recent  inspection  showed  that  no  caving  had  occurred  along  the 
protected  front,  and  tliat  the  bank  whose  foot  was  revetted  last  fall  had 
assumed  a  slope  ready  to  receive  revetment  to  a  height  of  25  feet  or 
thereabouts. 

It  is  proposed,  to  apply  the  $40,000  recently  provided  in  perfecting  the 
protection  between  the  old  spiu*-dikes,  and  in  extending  the  i^egular 
revetment  as  far  as  the  means  will  allow.  It  vrill  be  possible  to  prepare 
a  considerable  extent  of  foundation,  and  it  is  hoped  that  the  means  will 
be  provided  to  complete  the  revetment  to  the  full  extent  of  the  founda- 
tion next  season. 

The  expenditures  during  the  year  were — 

21  piles $106  96 

Grading 255  07 

421.6:^  cords  brusli 819  08 

4,973.49  cubic  yards  riprap 8,703  61 

Eugiaeering  and  coutmgencies 1,528  75 

11,413  57 

Recurring  to  the  suggestions  made  last  year  that  no  new  works  he 
undertaken  upon  this  section  of  river  until  those  now  in  hand  are  com- 
pleted, according  to  the  estimate  then  submitted  of  the  cost  of  complet- 
i  ng  works  then  commenced,  there  remains  $315,425.49  to  be  appropriated 
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before  it  would  be  wise  to  commence  works  at  any  new  localities.  As 
said  last  year,  it  is  not  to  be  disputed  that  there  are  many  points  where 
works  are  as  urgently  needed  as  at  those  where  they  have  been  com- 
menced ;  but  it  is  not  good  policy  to  attempt  more  than  there  is  reason- 
able prospect  of  being  able  to  complete.  To  carry  on  the  work  on  a 
scale  commensurate  with  its  importance,  and  in  the  interests  of  a  wise 
economy  would  require  an  annual  appropriation  of  not  less  than  $500,000. 
With  this  amount  the  coming  year  it  would  be  possible  to  complete  the 
list  of  unfinished  work  given  above,  and  to  commence  new  work  at  some 
one  or  two  new  x>oints. 

SURVEYS. 

The  only  survey  was  that  made  to  ascertain  the  damage,  if  any,  done 
or  to  be  done  to  riparian  owners,  at  and  near  Venice,  HI.,  by  reason 
of  works  done  or  to  be  done  by  the  United  States  for  the  improvement 
of  the  Mississippi  Eiver,  the  map  and  report  of  which  were  transmitted 
to  the  Chief  of  Engineers  under  date  of  April  10, 1878. 

EQUIPMENT. 

Ko  additions  were  made  during  the  year.  One  hull  of  quarter-boat, 
being  too  rotten  for  further  use,  was  sunk  in  the  foundation  of  the  training- 
wall  at  Horsetail  Bar,  and  the  quarters  were  transferred  to  another  barge 
which  had  become  too  weak  to  carry  stone.  One  good  barge  was  totally 
wTCcked  in  a  storm  last  fall,  being  carried  by  the  wind  and  waves  upon 
the  dike  at  which  it  was  about  to  be  unloaded.  This  loss  and  the  natu- 
ral deterioration  of  the  earlier  purchases  rendered  it  necessary  to  make 
provision  for  building  four  new  barges,  as  recommended  in  the  report  of 
last  year.  Proposals  have  been  advertised  for,  and  will  be  opened 
July  20. 

All  work  during  the  year  has  been  done  by  hired  labor  and  the  pur- 
chase of  material  in  open  market  with  highly  satisfactory  results.  Ma- 
terial has  been  procured  in  quantities  needed  at  very  moderate  rate«. 
One  chief  article  of  use  being  riprap  stone,  the  system  of  purchase  in  open 
market  enables  all  quarries  located  along  the  river  to  compete,  and 
affords  opportunity  for  most  of  them  to  dispose  of  rough  stone,  which, 
except  for  riprap,  would  be  of  little  value.  It  is  intended  to  continue 
the  system  the  present  year. 

The  work  is  located  in  th0  collection-district  of  New  Orleans. 

Amount  of  revenue  collected  at  the  port  of  Saint  Louis  for  the  fiscal  year  ending 
June  30,  1878,  was  11,552,723.93. 
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ConatructUm  aoammt 


Kame  of  work. 


Piaaa  Ifdand  Dam 

Alton  Dam 

Hawver  Bend  protection 

Venice  Dikrai 

CloHing  Cahokia  Chute 

Horsetail  Bar,  dike  1 

Horsetail  Bar,  dike  2 

Horsetail  Bar.  dike  3 

HorsetaU  Bar,  dike  4 

Horsetail  Bar,  dike  5 

Horsetail  Bar,  training- wall . 

Fort  Chartres  Dam 

Turkey  Island , 

Kaakaakia  protection 

Liberty  Island  Dam 

Liberty  Island  protection  . . . 

Devil's  Island,  dike  1 

Devil's  Island,  dam  1 

Devil's  Island,  dam  2 

Cairo  protection 


Totals 


Is 


$23, 
32, 
91, 
38, 
20. 
40, 
21, 
71, 
41, 
27. 


73C  37 

064  85 
MO  67 
341  85 
958  61 
549  53 
911  58 

065  62 
290  11 
079  61 


36, 
24, 


812  86 
463  85 


5, 
85. 
68, 
46, 
15, 
18, 


053  91 
116  97 
468  38 
268  06 
246  02 
679  38 


647, 049  13 


•c^ 


$8,596  93 
1,550  07 
1,874  90 


5,444  65 


11, 626  92 


4,674  12 
20,896  16 


4,  514  31 


7,402  79 

3,  579  62 

1,432  28 

11, 413  97 


82,  517  32 


9 
g 

^  90 

is- 
3 

e 
H 


$32,333  30 
33,628  92 
93, 815  57 
36.341  85 
26,403  26 
40,549  53 
21,911  58 
82,092  54 
41.  290  11 
31, 753  73 
20,  398  16 
86,812  86 
24.463  85 
4,  514  31 
5,053  91 
35. 116  97 
65,871  17 
49,848  58 
16,  678  30 
80,092  96 


729,566  45 


1 


a 
a 


$8,877  43 
6.376  06 

48,306  05 
3.658  15 

78,196  74 


^  3,305  37 


105.601  84 

9.750  00 

8,101  61 

37,485  69 


8,140  71 

17,601  05 

142,407  05 


\ 


'6 

S 
I 

3 

o 
H 


^1,210  73 
40.000  M 

142,211  63 
40.000  00 

104,600  00 


221,502  81 

128,000  00 
40,562  88 
32,565  46 
42,000  00 
5.053  91 
43,257  68 

150,000  00 

172,500  00 


477,898  67    1.207,465  13 


Property  amd  maUriaZ  account. 


Clasa  of  property. 


Office  furniture 

Instruments  and  survey  material 

Five  pile-drivers 

Barges  and  quarter-boat 

Two  tow-boats,  one  small  tug,  and  expenses 

Hmall-boata 

General  expenses  of  property 

Materiid  and  quarry  privileges 

Tools 

Quarters  for  workmen,  shops,  &c 

Totals 


Balance  July 
1,  1877. 


$380  55 

850  00 

10, 310  51 

29.069  60 

47, 262  37 

96  99 

18,051  U8 

2,807  08 

988  82 

3,580  70 


114, 202  60 


Dr. 


$3  50 


132  46 

2,103  14 

18,761  66 

87  20 

1,600  86 

58,660  88 

463  90 

1,229  97 


Or. 


$120  00 


428  00 

7,714  14 

24,2.^  87 

125  00 


50.380  53 

1,100  11 

675  00 


83,052  57 


03»005  65 


Balance  July 
1,  1878. 


$204  05 

850  00 

9.914  97 

24,358  61 

41,  760  16 

58  11 

10,  660  M 

2,079  31 

3S8C1 

4.135  67 


103,340  51 


Dl. 


Engineer  Office,  United  Statue  Army,  in  aoeount  with  United  State; 


Ci. 


To  allotments  for  surveys  and  exam- 
inations at  various  dates  prior  to 
Julyl,  1877 

To  appropriations  for  improvement 
of  Mississippi  River,  between  the 
Illinois  and  Ohio  rivers,  prior  to 
Julyl,  1877 

To  appropriation  for  improvement 
of  Mississippi  River,  between  the 
Illinois  and  Ohio  rivers,  approved 
June  18,  1878 

To  unpaid  percentage  on  annulled 
contracts 

To  liability  for  Uibor,  Ac 


$48,008  77 


054,600  00 


240,000  00 

000  17 
374  31 


By  expenses  of  office 

^By  general  engineering 

By  surveys 

"By  constructions 

By|balance  on  account  of  property 
^By  cash  on  hand  and  in  Treasury  . 


1,243,883  25 


$47,  273  24 
30.  316  63 
77, 060  » 
720.566  45 
103,  349  5S 
256.307  62 


1,  243, 883  25 
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Money  statement 

July  1,  1877,  amount  available $106,404  14 

Amount  appropriated  by  acl  approved  June  18,  1878 240, 000  00 

^6,404  14 

July  1,  1878,  amount  expended  during  fiscal  year 90,096  52 

July  1,  1878,  outstanding  liabilities 1,274  48 

91,371  00 


July  1,  1878,  amount  available 255,033  14 

Amount  (estimate/d)  reguired  for  completion  of  existing  project 6, 489, 600  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J une  30, 1880 .        500, 000  00 


N   2. 

IMPROVEMENT  OF  OSAGE  RIVER. 

Work  upon  this  river  has  been  suspended  during  three  years  just  past, 
but  the  act  of  Congress  approved  June  18, 1878,  ha\ing  provided  the 
sum  of  $2Q,000  for  its  further  improvement,  work  will  be  resumed  during 
the  coming  season. 

There  being  no  definite  project  in  progress,  no  statement  of  estimated 
amount  to  complete  existing  project  can  be  given. and  no  sum  recom- 
mended for  the  fiscal  year  ending  June  30, 1880. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $20, 000  00 

July  1,  1878,  amount  available 20,000  00 
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AN]NUAL  EEPORT  OF  LIEUTENANT  EDWAED  MAGUIRE, 
CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30,  1878. 

United  States  ENaiNEEB  Office, 

Saint  Paulj  Minn,,  July  8, 1878. 

General  :  I  have  the  honor  to  forward  herewith  my  annual  report 
for  the  fiscal  year  ending  June  30, 1878,  upon  the  work  of  improving 
Missouri  River  above  the  mouth  of  the  Yellowstone. 
Very  respectMly,  your  obedient  servant, 

Edwd.  Maguire, 
First  Lieutenant  J  Carps  of  Engineers, 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U,  S.  A. 


IMPROVEMENT  OF  MISSOURI  RIVER  ABOVE  THE  MOUTH  OF  THE  YEI^ 

LOWSTONE, 

On  January  3, 1878,  there  was  mailed  from  this  office  to  the  Chief  of 
Engineers  a  full  report  upon  "  The  improvement  of  the  Missouri  River 
above  the  mouth  of  the  Yellowstone.''  There  is  still  more  to  report. 
The  office- work  for  the  year  has  consisted  in  the  reduction  and  plotting 
of  the  notes  and  in  making  estimate!)  for  the  next  season's  work. 

On  the  5th  day  of  April  I  ordered  the  assistant  engineer  to  proceed  to 
Benton,  Mont.,  to  insj^ect  the  river  and  report  upon  the  result  of  last 
season's  work.  The  result  is  most  gratifying.  The  report  is  that  steam- 
boats can  now  easily  pass  Cow  Island  at  low  water  without  (as  formerly) 
"laying  a  line,"  and  that  at  Dauphin's  Rapids  the  "improved"  portion 
of  the  channel  is  readily  recognized. 

At  the  latter  point  the  width  of  the  channel  should  be  increased  to  200 
feet  in  order  to  render  it  practicable  for  all  classes  of  steamboats  which 
may  ascend  the  river.  The  width  of  100  feet  was  ordered  last  season 
with  the  idea  of  obtaining  as  great  a  length  of  channel  as  possible  in  one 
season.  The  work  will  be  continued  during  the  coming  summer  upon 
the  basis  of  last  season's  work.  But  two  parties  should  be  assigned  to 
the  work  at  this  point  next  year. 

The  work  at  Cow  Island  ¥rill  be  finished  this  year,  and  it  is  expected 
also  that  the  difficulties  to  navigation  at  Grand  Island  and  Two  Calf 
Island  ¥rill  be  removed,  thus  confining  the  work  of  next  year  to  Dauphin's 
Rapids  and  the  reach  above. 

I  would  respectfully  recommend  that  an  appropriation  of  $50,000  be 
requested  for  the  work.  I  would  also  renew  the  recommendation  for  an 
appropriation  of  $5,000  for  a  survey  of  the  river  from  Benton  to  CarroU. 

44  E 
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Maneif  gtatement 

July  1,  1877,  amount  available $14,459  63 

Amonnt  appropriated  by  act  approved  Jnne  18, 1878 30,01*0  iM) 

f44,4^0 

July  1,  1878,  amount  expende<l  daring  fiscal  year 10,838  50 

July  1,  1878,  outstanding  liabilitie« .* 23  50 

io,i^eeoo 

July  1, 1878,  amount  available 33.137  Q 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30,  Id^ .       5a.  OUu  00 


special  report  on  improvement  of  the  missouri  rivkr  above 

the  mouth  of  the  yellowstone. 

United  States  Engineer  Office, 
Headquarters  Department  of  Dakota, 

Saint  Paulf  Minn.j  January  3,  1878. 

General  :  I  have  the  honor  to  snbmit  herewith  a  report  npon  "^  The 
improvement  of  the  MiBsouri  River  above  the  month  of  the  Yellowstone.'' 


THE  SECTION  OF  COUNTRY  TO  BE  SPECLAJLLY  BENEFITED. 

The  section  of  conntry  to  be  specially  benefited  by  the  improvement 
of  the  Upi)er  Missonri  River  is  the  Territory  of  Montana,  which  hes 
aboat  midway  between  the  great  lakes  and  the  Pacific  Ocean.  Embraced 
lK»tween  the  forty-fifth  and  forty-ninth  parallels  and  104^  and  115o  we**t 
longitude,  it  is  276  miles  wide  from  north  to  south  and  a  little  over  520 
miles  wide  frx)m  east  to  west.  It  contains  143,776  square  miles,  about 
one-tenth  of  which  (or  9,000,000  of  acres)  are  farming-lands.  About  one- 
fourth  of  the  inhabitants  are  miners,  one-eighth  stockmen,  and  the  re- 
mainder tradesmen  and  professional  men. 

All  crops  are  planted  in  May  with  the  exception  of  winter  wheat, 
which  is  sown  in  October. 

Hay  is  cut  and  stacked  in  July,  and  retains  its  natural  green  color 
until  used.  This  peculiar  characteristic  is  remarkable,  and  it  is  said  that 
a  load  passing  along  the  street  at  Christmas  has  the  color  and  perfume 
of  the  new-mown  hay. 

The  greatest  yield  in  the  line  of  vegetables  is  in  potatoes,  turnips, 
and  onions. 

Strawberries  of  the  finest  varieties  ripen  in  July,  thus  furnishing  a 
luscious  berry  in  the  wai'mest  month  of  the  year  at  the  rat»  of  40  to  50 
cents  a  quart. 

Tomatoes  do  not  ripen  until  September. 

Some  apples  are  grown  in  the  Territory,  but  not  to  any  great  extent 

The  experiments  of  the  Sisters  at  Saint  Ignatius  Mission  have  shown 
that  the  country  is  adapted  to  the  growth  of  apples,  plums,  and  all  va- 
rieties of  berries. 

The  spring-wheat  flour  of  Montana  is  white,  of  fine  quality,  and  makes 
most  excellent  bread,  while  its  buckwheat  and  corn-meal  are  said  to  be 
equal  to  the  best  varieties  of  those  articles  in  the  States. 

The  chief  exports  of  Montana  at  present  are  ores,  furs,  hides,  wool, 
and  cattle. 

The  impoits  are  machinery,  manufactured  articles,  merchandise,  and 
supplies,  such  as  sugar,  coffee,  tea,  &c. 
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Mr.  George  Clendennin,  jr.,  informs  me  that  the  greater  portion  of 
the  furs  and  robes  are  collected  from  the  Blackfoot  agency,  the  Marias, 
and  Milk  Eiver  trading-posts,  and  from  the  British  possessions,  and  that 
Benton  is  the  point  from  which  they  are  shipped  to  the  East.  Benton 
receives  annually  about  100,000  robes  and  furs,  and  the  Crow  agency, 
south  of  the  Yellowstone,  about  5,000.  About  20,000  pounds  of  skins 
are  received  annually  at  the  Crow  agency,  and  at  Benton  150,000  pounds. 
Over  200,0(K)  pounds  of  wool  are  annually  shipped  to  the  East.  This 
quantity  will  gradually  increase,  and  wool  of  a  fine  quality  will  become 
the  gre^it  exi)ort  of  Montana. 

The  beef  of  Montana  is  the  best  in  the  world,  and  its  mutton  rivals 
the  celebrated  Southdown.  The  ease  with  which  large  herds  are  raised 
and  the  comparatively  slight  cost  of  maintaining  them  will  undoubtedly 
cause  Montana  in  the  future  to  furnish  the  Eastern  markets  with  an 
article  of  food  which  will  be  not  only  of  a  finer  quality,  but  cheaper  than 
that  with  which  they  are  now  supplied.  The  valley  of  the  Musselshell 
and  the  beautiiul  Judith  Basin  must  be  developed  into  magnificent  graz- 
ing-farms.  The  herds  in  Montana  are  not  housed  and  fed  during  the 
winter,  but  roam  at  will,  and  subsist  on  the  plentiful,  luscious,  and  nu- 
tritious grasses  all  the  year  round. 

Of  the  shipments  to  the  Territory  about  one-fourth  are  to  Benton  and 
the  remainder  to  Helena  via  Benton.  Helena,  the  principal  distributive 
depot,  is  about  140  miles  from  Benton,  the  transportation  between  the 
two  x)laces  being  by  means  of  wagon-trains. 

The  establishment  of  three  new  posts,  and  the  increase  of  the  number 
of  troops  stationed  in  the  Territory,  will  give  an  impulse  to  the  settle- 
ment of  the  country  by  at  least  a  partial  removal  of  the  two  barriers  to 
such  settlement — ^insecurity  of  life  and  property. 

In  regard  to  the  mineral  wealth  of  the  Territory,  it  has  been  said 
that — 

As  a  gold-bearing  country  Montana  stands  next  to  California,  and  in  silver  she  ranks 
first  in  qnality  possessed,  and  second  to  Nevada  in  the  amount  produced. 

To  enter  frilly  into  a  discussion  of  the  mining  interests  is  unnecessary 
for  the  purposes  of  this  report,  the  comprehensive  and  interesting  re- 
ports of  the  Commissioner  of  Mining  Statistics  being  accessible.  A 
few  leading  facts  are,  however,  here  set  down.   ' 

In  his  rei)ort  for  1874,  the  commissioner  gives  the  following  exhibit  of 
the  productions  for  the  different  years : 

1869 19,000,000 

1870 9,100,000 

1871 8,050,000 

1872 6,068,339 

1873 5,178,047 

1874 3,844,722 

He  says  that  the  decrease  of  the  gold-yield  is  entirely  due  to  placer- 
mining.  Those  narrow  and  rich  gulches  and  bars,  to  which  short  ditches 
could  be  built  by  two  or  three  men,  have  been  exhausted.  To  work  the 
gold-bars,  which  abound  in  the  numerous  valleys,  it  is  necessary  to  con- 
struct long  and  large  ditches,  and  this  can  be  done  only  by  companies 
having  abundant  capital  at  their  command.  It  is  expected,  therefore, 
that  there  will  result  a  consolidation  of  the  mining-ground  heretofore 
owned  in  small  parcels,  and  that  the  yield  will  be  increased  provided 
labor  does  not  remain  too  high. 

The  shipments  of  silver-ore  are  gradually  increasing,  and  with  the 
introduction  of  quartz-mills  the  gold-yield  will  undoubtedly  become 
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greater.    3Iil]iaiiii  of  tons  of  ore  now  lie  wmthleas  at  the  mines  on  ae- 
connt  of  high  rates  of  transportation. 


Montana  eoal^  wbieb  is  abundant  in  all  fmrts  of  tbe  TeiiikHi.  can  be  used*  as  h  now 
m,  for  blai'kivnitbing,  for  makini;  steam  for  locomotiTe  and  steamboat  pnrpoan.  m 
well  a«  for  makini?  gaii  and  iinieUini^  iron^  galena,  and,  in  short,  for  every  |Nirpo«e  far 
which  Moft  Pennflylvania  coal  can  be  iijied.  Aceordine  to  the  reports  of  the  Seeretarr  nf 
the  Interior,  al»oat  70,000  minare  niilej«,  or  half  of  Montana,  is  anderl^id  with  coal- 
befU ;  bnt  thin  I  regard  as  an  overestimate. 

Iron-ore  is  ei|nally  abundant,  and  in  time  Mcmtana  can  alone  npf^  tkm  needs  of  ike 
weHtem  half  of  the  continent  with  iron. 

In  regard  to  the  use  of  the  coal  for  steamboats^  I  would  add  that  the 
varieties  of  Montana  coal  (lignite)  which  I  have  Heen  are  nnfit  for  soch 
purposes,  if  nsed  alone,  on  any  boat  which  18  not  fhmished  with  loco- 
motive-boilers. It  is  difficult  of  ignition  and  the  flame  is  short.  Bnt  if 
nsed  with  wood  it  causes  a  saving  in  that  article  by  keeping  up  a  hot 
body  to  the  fire,  while  the  wood  supplies  the  long,  lapping  flame. 

THE  VALUE  OP  THB  MISSOURI  BITER   AS  A  LINE  OF  COMMTTaCATIOH 

AND  TRANSPORTATION. 

The  Missouri  River  and  the  common  roads  connecting  the  Territory 
with  the  Union  Pacific,  Central  Pacific,  and  Utah  Northern  Kailroads, 
are  at  present  the  only  regular  lines  of  communication  with  Montana. 
Of  these,  the  river  is  by  far  the  most  imiK)rtant ;  it  is  the  great  route, 
Tlie  completion  of  the  Union  Pacific  and  the  low  water  of  1869  induced 
the  merchants  and  shippers  of  Montana  to  contract  for  the  transporta- 
tion of  their  freight  by  the  railroad,  it  having  lowered  its  rates  during 
the  season  of  high  water  in  order  to  compete  with  the  boats.  Time, 
however,  proved  the  superiority  of  the  water-route  in  spite  of  the  ob- 
stacles to  navigation,  and  the  bulk  of  imports  returned  to  the  river. 

The  Helena  Independent,  in  one  of  its  editorials,  says  of.  the  river: 

Freights  can  he  laid  down  at  Benton  at  finch  a  low  rate  that  succeasfnl  competitioo 
from  any  other  »onrce  i«  next  to  impoMnihle.  At  any  rate  it  is  the  ronte  that  Montana 
iniiHt  look  to  for  cliea])  freights  until  she  gets  a  railroad,  and,  therefore,  it  is  the  duty 
of  her  iM*op]e  to  put  forward  their  hest  efforts  to  secure  measures  that  wiU  aid  in 
making  this  great  natural  highway  availahle  for  the  immense  commerce  that  wiU  pas 
over  it  for  the  next  ten  years.  It  is  desirable  that  the  river  navigation  should  be  kept 
up  from  the  time  ice  breaks  up  in  the  spring  until  it  is  closed  in  the  &U  by  ice. 

The  above-quote<l  statements  are  true,  but  should  be  stronger  in  this, 
that  the  Missouri  River  will  always  be  an  important  line  no  matter  how 
many  railroads  may  be  built  in  Montana. 

It  is  the  intention  to  cany^  the  Northern  Pacific  Eailroad  along  the 
south  bank  of  the  Yellowstone.  This  road  will,  of  course,  receive  part 
of  the  freight  to  and  from  Montana,  as  does  the  Union  Pacific  at  pres- 
ent, but  there  is  a  large  extent  of  the  Territory  which  frt>m  its  greatff 
convenience  to  the  river  and  from  the  very  nature  of  its  productions 
must  find  an  outlet  for  those  productions  in  the  Missouri. 

It  is  impossible  to  say  when  the  Nortliem  Pacific  will  be  finished  or 

in  operation,  and  it  is  also  impossible  to  state  what  the  freight-rates  on 

that  road  will  be.    But  whatsoever  they  may  be,  the  Missouri  Rivo* 

will  always  receive  the  bulky  matter  as  better  adapted  to  its  carriage  at 

rates  to  which  the  railroad  cannot  safely  descend ;  and  it  will  also  by  its 

competition  keep  at  a  reasonable  figure  the  rates  on  those  articles  which 

will  naturally  seek  the  railroad  for  rapid  transit.    The  river,  then,  will 

be  indispensable  not  only  as  a  line  of  transportation,  but  as  serving  bj 

its  comi)etition  to  keep  down  the  freight-rates  on  the  railroads. 
•  •••••  • 

It  is  proposed  now  simply  to  submit  such  an  exhibit  of  the  commerce 
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of  the  river  last  season  as  the  information  which  could  be  obtained  will 
I)ermit. 

Messrs.  J.  G.  Baker  &  Co.  of  Benton,  who  ship  over  one-fourth  of  the 
freight  which  goes  up  the  river,  have  in  compliance  with  my  request 
kindly  furnished  me  with  the  following  information : 

During  the  last  season  25  steamers  arrived  at  Benton,  landing  5,283 
tons  of  freight  and  about  1,500  passengers.  These  boats  carried  down 
the  river  3,200  tons  of  freight  and  about  500  passengers. 

The  imports  consisted  of  merchandise  for  the  merchants  of  Montana, 
supplies  for  the  Army  and  Indians  and  the  Nori^hwest  Mounted  Police 
of  Canada. 

The  exports  consisted  of  ore,  wool,  hides,  and  furs ;  principally  of  ore. 

Owing  to  the  Indian  troubles  only  six  steamers  landed  at  Cow  Island, 
parties  fearing  to  ship  freight  by  that  route  as  it  would  have  to  be  car- 
ried overland  in  wagons  to  Benton. 

The  additional  cost  of  transportation  via  Cow  Island  has  been  2^  cents 
per  pound,  or  about  three  times  as  much  as  it  would  have  been  if  boats' 
could  have  carried  the  freight  to  Benton. 

The  average  amount  of  freight  landed  at  Cow  Island  annually  is  500 
tons,  causing  an  extra  annual  expense  to  the  government  and  citizens 
of  $25,000,  In  addition  to  this  both  the  government  and  citizens  ship 
by  the  Union  Pacific  Eaihx)ad  (a  circuitous  route  requiring  450  miles  of 
wagon  transportation)  at  a  heavy  expense.  Tliis  causes  a  difference  in 
freights  of  at  least  $75,000.  This  would  not  occur  were  the  river  navi- 
gable during  the  whole  season.  Since  1870  the  commerce  of  the  river 
has  increas^  50  ^t  cent. 

During  the  month  of  8ept;ember  about  60  tons  of  government  freight 
were  burned  at  Cow  Island  by  the  Nez  Percys.  This  freight  was  lying 
at  the  landing  awaiting  transportation  to  Benton,  and  the  loss  could  not 
have  occurred  if  the  boats  had  been  able  to  reach  the  latter  place. 

The  number  of  troops  stationed  in  Montana  has  been  increased,  and  it 
naturally  follows  that  a  greater  amount  of  supplies  will  be  sent  to  the 
Tenitory  hereafter.  It  would  be  a  great  saving  to  the  government  to  be 
able  to  ship  these  supplies  direct  to  Benton  by  boat,  and  thence  haul 
them  by  wagons  to  the  different  posts,  at  the  rate  of  1 J  cent  per  100 
miles. 

The  following  is  a  classified  schedule  of  exports  and  imports,  vin  the 
river,  for  1877 : 

EXPORTS. 

Ore  aud  biiUion,  1,225  tons ;  average  value  per  ton,  |750 ;  total  value. ..  f918, 750  OQ 

\V<M>1,  208,459  poundH  ;  value 72,960  75 

Buffalo-rol)e8,  50,512  robes ;  value 202,048  00 

Antelope,  elk,  and  deer  skins,  pounds,  68,530 ;  value 12, 335  40 

Bear-skius,  61  skins;  value 305  09 

Wolf-skins,  2,034  skins ;  value 7,05146 

B«^aver-skinH,  6,703  pounds ;  value    6,703  00 

Hides,  15,267  hides;  Value 45,801  00 

Mixeil  furs,  value 2,150  00 

Sheep-skins,  1,482  skins;  value 592  80 

Cattle,  112  head;  value 2,240  00 

Fori  Maoleod  »hipmentti, 
595  tons,  value 303,600  00 

Cypress  shipments, 
350  tons,  value 180,000  00 

IMPORTS. 

Montana  freiffht,  4,648  tons;  average  value  per  ton,  |300;  total  value.  |1, 394, 000  00 
Cana<lian  freight,  1,025  tons;  value 310,000  00 
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Of  thene  iin|>ort«,  390  toms  were  lauded  at  Cow  Island* 

The  total  value  of  the  commerce  of  the  river  was  $3,458,536.60. 

It  is  perhaps  well  to  state  here  that  the  river  is  navigable  to  Benton 
from  about  May  to  the  middle  of  August,  and  that  from  the  latter  date 
to  aliout  the  middle  of  October  boats  land  their  freight  and  passengers 
at  Cow^  Island. 

The  fact  that  freight  must  be  rehandled  at  Cow  Island  (rehandling 
being  always  a  source  of  increased  ex|>ense)  and  that  transi>ortatioQ  by 
wagons  is  more  costly  than  that  by  boats  has  led  the  people  of  Montana 
to  ask  that  the  river  should  be  improved  in  order  that  the  annual  period 
of  navigation  to  Benton  may  be  extended. 

HISTORY  OF  THE  WORK. 

As  early  as  the  year  1867  Capt.  C.  W.  Howell,  Corps  of  Engineers,  U. 
8.  A.,  submitted  a  report  upon  the  Missouri  River,  which  was  published 
in  the  Report  of  the  Chief  of  Engineers  for  1868. 

In  1872  a  similar  rei>ort  by  Mr.  Thos.  P.  Roberts,  Asssistant  Engines 
of  the  Northern  Pacific  Railroad,  was,  u|>on  the  recommendatiou  of  the 
Chief  of  Engineers,  United  States  Army,  printed  by  the  War  Depart- 
ment 

Again,  in  1875,  Maj.  Charles  R.  Suter,  Corps  of  Engineers,  U.  S.  A^ 
Te\x)rtei\  upon  the  improvement  of  the  Missouri  River  above  the  mouth 
of  the  Yellowstone. 

The  act  of  Congress  approved  August  14, 1876,  appropriated  the  sum 
of  $20,(KM)  for  the  "  improvement  of  the  Missouri  River  above  the  mouth 
of  the  Yellowstone,^  and  a  letter  from  the  Chief  of  Engineers,  dated 
March  21,  1877,  informed  me  that,  with  the  sanction  of  the  Secretary  of 
War,  I  was  assigned,  in  addition  to  my  other  duties,  to  the  charge  of 
the  w^ork,  under  the  direction  of  the  Chief  of  Engineers. 

The  three  rejwrts  referred  to  above  furnished  the  only  data  upon  which 
to  base  a  i)roject,  but  inquiries  in  reference  to  the  proposed  work  were  at 
once  submitted  to  the  different  companies  whose  boats  navigate  the  Mis- 
souri, and  the  replies  thereto  agreed  with  the  rejwrts  in  this,  that  Dau- 
phin's Rapids  wei'e  the  greatest  obstructions  in  the  river,  ana  should  re- 
ceive the  first  attention. 

Consequently  the  project  submitted  having  been  approved,  a  party, 
consisting  of  one  assistant  engineer,  one  recorder,  one  overseer,  and 
twenty-three  laborers,  were  organized  and  sent  to  Dauphin's  Rapids,  leav- 
ing this  city  June  11,  and  aiTiving  at  the  Rapids  June  25,  1877. 

The  scene  of  operations  being  so  remote  fe)m  any  depot  of  supplier 
all  the  men  and  all  of  the  material,  with  the  exception  of  the  few  addi- 
tional articles  which  the  development  of  the  work  called  forth,  were  sent 
from  this  city. 

Authority  was  obtained  for  the  purchase  of  rations  fi[X)m  the  Subsist- 
en(»e  Department,  and  the  great  bulk  of  such  supplies  was  purchased 
at  Fort  Buford. 

A  cx)mpany  of  the  Seventh  Infantry,  commanded  by  Capt.  T.  S.  Kirt- 
land,  was  detailed  as  escort.  I  am  very  much  indebted  to  Captiiin  Kirt- 
land  for  his  uniform  great  courtesy  and  the  interest  in  the  work  wliich 
he  displayed  during  the  whole  season. 

My  annual  report  for  the  last  fiscal  year  stated  that  it  was  the  inten- 
tion to  procui*e  a  channel  300  feet  wide,  with  a  depth  of  4  feet  at  low- 
water  stage ;  but  upon  visiting  Dauphin's  Rapids  I  found  that  this  projwt 
would  have  to  be  changed.  Instead  of  finding  simply  a  few  rocks  dis- 
tributed here  and  there  through  the  channel,  the  bed  of  the  river  proved 
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to  be  literally  paved  with  rocks,  varying  in  size  from  6  cubic  inches  to 
3  cubic  yards.  It  would  have  been  impossible  in  one  season  to  have  ob- 
tained a  channel  300  feet  in  width.  It  would  have  been  equally  impossi- 
ble to  have  obtained  one  4  feet  in  depth.  Consequently  I  directed  that 
a  channel  only  100  feet  in  width  should  be  cleared  to  the  level  of  the 
gravel-bed,  and  that  wing-dams  should  be  constructed,  as  shown  on  the 
map*  of  Dauphin's  Rapids  appended.  All  of  the  soundings  taken  are 
not  i)lottefl  on  this  map.  By  means  of  these  dams  the  whole  volume  of 
water  would  be  thrown  into  the  channel,  and  secure  a  depth  of  more 
than  30  inches  free  of  rocks.  Such  a  channel  is  cx)n8idered  to  l)e  suffi- 
cient, as  the  boats  which  navigate  the  Upper  Missouri  are  of  about  30 
feet  beam,  and  have  a  draught  of  about  30  inches  for  a  full  load. 

It  was  not  until  the  13th  of  August  that  the  stage  of  the  river  was 
such  as  to  allow  of  any  work  in  the  way  of  removal  of  rocks.  The  work 
once  commenced,  however,  good  progress  was  made  until  September  26, 
when  the  work  at  that  point  was  abandoned,  for  the  reason  that  Major 
Ilgis,  Seventh  Infantry,  ordered  the  escort  to  Cow  Island,  and  the  work- 
ing-boats were  needed  for  transportation.  The  report  of  my  assistant, 
which  -win  be  found  appended,  is  full  as  to  this  matter.  While  regret- 
ting that  the  work  at  the  Kapids  could  not  be  finished,  thus  making  a 
"clean  job"  of  it,  still  it  is  to  be  considered  that  work  was  done  at  Cow 
Island  which  is  of  incalculable  benefit,  and  which  could  not  have  been 
done  had  the  work  at  Dauphin's  been  continued. 

The  season's  operations  may  be  smnmarized  as  follows: 

At  Dauphin's  Eapids  a  channel  100  feet  wide  and  1,800  feet  long  was 
cleared  of  rocks.  Several  bunches  of  rocks  were  also  taken  out  below 
the  foot  of  this  channel.  The  number  of  rocks  removed  was  2,400,  meas- 
uring 286.5  cubic  yards,  and  requiring  for  their  removal  128  dynamite 
blasts,  in  addition  to  the  ordinary"  grappling.  A  dam  to  close  the  right 
chute  was  carried  out  to  a  distance  of  130  feet.  The  work  on  this  dam  was 
discontinued  because  it  was  found  to  be  throwing  water  into  the  channel 
and  interfering  with  the  removal  of  the  rocks.  It  ha«  a  crest  of  6  feet, 
an  upstream  slope  of  J,  and  a  downstream  slope  of  |.  It  contains  200 
cubic  yards  of  stone.  The  upstream  slope  is  covered  with  a  layer  of 
gravel,  50  cubic  yards  having  been  used  for  this  purjwse.  In  addition, 
about  1,000  cubic  yards  of  stone  were  collex^ted  on  the  banks.  This 
amount  will  suffice  for  the  completion  of  the  above-mentioned  dam  and 
for  the  construction  of  the  proposed  one  above  it.  Three  other  short 
clams  ^containing  about  60  cubic  yards  of  stone)  were  constructed  near 
the  left  bank. 

At  Cow  Island  all  of  the  rocks  were  removed  fi*om  the  channel,  and 
the  right  chute  closed  by  a  dam,  thus  securing  at  the  time  work  ceased 
a  clear  channel  varying  in  deptli  from  over  30  inches  to  5  feet.  As  the 
dam  becomes  tighter  from  the  deposition  of  sediment,  more  water  w  ill 
be  thrown  into  the  channel.  This  dam  is  419  feet  long,  has  a  cre^st  of  8 
feet,  an  upstream  slope  of  ^,  a  downstream  slope  of  },  and  contains 
710  cubic  yards  of  stone. 

The  escort  left  Cow  Island  October  14,  and  the  party  started  down  the 
river  October  21,  arriving  in  Saint  Paul  November  13. 

Water-gauge  readings  were  made  at  Cow  Island  during  the  season, 
but  the  record  was  burned  by  the  Nez  Perc^^s  w  hen  they  crossed  the  river 
at  that  i>oint,  September  23.    Similar  observations  were  made  at  Carroll. 

*  llie  maps  and  Hketches  refeiretl  to  herein  are  on  tile  in  the  office  of  the  Chief  of 
£ngineerH. 
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IMPROVEMENT  OF  THE  RIVER. 

A  very  ftdl  and  complete  description  of  the  Missouri  River  is  given  in 
Howell's  reix)rt,  and  it  is  therefore  unnecessary  to  enter  into  any  minute 
details.  I  \^ill  simply  state  that  the  river  between  Benton  and  Carroll 
may  he  considered  as  having  a  fixed  regimen,  and  the  work  necessary 
for  it«  improvement  is  simple  in  its  character  and  will  be  permanent  in 
its  effects.  There  is  plenty  of  water,  the  low- water  discharge  at  Dau- 
phin's Rapids,  computed  from  current  observations  made  last  summ^, 
being  11,0(>2  cubic  feet  per  second.  The  surface  rate  of  current  for  low- 
water  is  3.2  miles  per  hour,  and  for  a  medium  high  stage  it  is  4.3  miles 
per  hour.  The  average  fall  for  a  distance  of  3,200  feet  is  at  the  rate  of 
8.9  feet,  and  for  1,000  feet  of  that  distance  the  fall  is  at  the  rate  of  11.42 
feet  i)er  mile. 

Before  making  any  suggestion  as  to  the  work  which  should  be  done 
in  this  portion  of  the  river,  I  shall  refer  to  the  lower  reach  of  the  stream 
or  that  between  Carroll  and  the  mouth  of  the  Yellowstone. 

The  obstructions  to  the  navigation  of  this  latter  portion  consist  of 
snags  and  shifting  sand  bars.  "Hie  snags,  however,  are  not  of  frequent 
occurrence,  and  as  the  boats  never  run  at  night  save  when  there  is  a 
bright  moon,  and  as  they  run  entirely  by  the  appearance  of  the  water, 
I  do  not  consider  the  snags  of  sufficient  importance  to  call  for  an  ex- 
l>enditure  of  time  and  money  for  their  removal.  I  understand,  too,  that 
the  ice  each  year  removes  a  great  portion  of  them  and  that  their  places 
are  supplied  by  new  ones  during  each  flood.  I  have  learned  of  no  boat 
which  has  ever  been  injured  by  snags  in  the  Missouri  above  the  mouth 
of  the  Yellowstone. 

Sketches  9  and  10,  the  fonner  of  Bird's  Island,  about  15  miles  below 
Carroll,  and  the  latter  of  Spread  Eagle  Bar,  will  convey  a  slight  idea  of 
the  nature  of  the  obstructions  due  to  shifting  sand  bars.  While  these 
bars  cause  delays  still  they  are  not  impassable  and  boats  can  "  get  over' 
by  "sparring''  or  "laying  lines."  The  works  which  woiUd  be  required 
for  a  succ^^sful  removal  of  this  class  of  obstructions  would  be  so  exten 
sive  and  so  costly  that  they  would  be  entirely  disproportionate  to  the 
interests  to  be  considere<l,  besides  possessing  always  the  element  of  im- 
certainty  of  i>ermanency.  While  it  is  to  be  desired  that  boati^  shonld 
be  able  to  go  to  Benton  during  the  whole  season,  still  the  delays  ex- 
perienced at  these  lower  j>oints  are  not  of  an  importance  sufficient  to 
warrant  the  outlay  necessary  for  the  removal  of  the  causes  of  such  d^ 
lays.  There  are  it  is  true  occasional  places  where  rocks  are  to  be  found 
in  the  river,  but  until  their  number  be  increased  or  their  positions  be  so 
changed  as  to  present  greater  obstacles  than  they  now  do  I  do  not  con- 
sider them  deserving  of  attention. 

But  between  Carroll  and  Benton  the  obstructions  are  serious,  consist 
ing  of  rocks  and  gravel  bars  which  do  not  shift.  The  work  of  improve- 
ment  should  at  present  be  confined  to  this  reach. 

Then  follows  a  brief  description  of  the  obstructions  encountered,  start- 
ing from  Benton.  The  sketches  referred  to  are  drawn  to  no  scale,  as  no 
surveys  have  been  made  of  the  localities,  and  they  are  submitted  simply 
to  convej'  an  idea,  of  the  nature  of  the  work  to  be  done. 

1.  Shonkin  Bar  (sketch  No.  1). — ^Two  bars  are  found  at  this  place^the 
upper  one  dry  and  the  lower  one  submerged  at  all  time«.  From  the 
upi)er  bar  a  gravel  reef  makes  out  obliquely  across  the  stream  to  the 
point.  At  low  water  stage  there  are  only  20  inches  of  depth  on  the  reef. 
In  the  sketch  the  full  line  indicates  the  high-water  channel,  and  the 
broken  one  the  low- water  channel.    To  improve  this  place  it  is  proposed 
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to  build  out  from  the  upper  bar  on  the  reef  a  wing-dam  so  as  to  confine 
the  water  to  a  narrower  channel  and  thus  obtain  an  increased  depth  on 
the  reef.  The  term  reef  is  here  used  arbitrarily  (and  will  be  so  used 
throughout)  to  indicate  a  submerged  gravel-bar  as  distinguished  from 
the  larger  and  more  sandy  bars  which  during  low  water  assume  almost 
the  proportion  of  islands. 

2.  Acker's  Island  (sketch  No.  2). — A  gravel  reef  makes  from  the  head 
of  the  island  towara  the  right  bank,  leaving  a  very  narrow  and  crooked 
channel.  The  two  heavy  dots  indicate  a  snag  and  rocks  which  should 
be  removed.    The  left  chute  should  be  closed. 

3.  Ackley  Bars, — ^The  river  is  here  divided  into  two  chutes  by  bars, 
and  there  are  rocks  in  the  channel  near  the  foot  of  the  bars.  The  left 
chute  should  be  closed  by  a  dam  and  the  rocks  removed. 

4.  Bluff  Rapids  (sketch  No.  3). — ^The  river  is  here  divided  into  two 
chutes  by  Gould  Island,  and  there  are  a  few  rocks  near  the  head  of  the 
channel  or  right  chute.  The  left  chute  should  be  closed  and  the  rocks 
removed. 

5.  Kipp's  Rapids, — Broad,  shallow,  and  full  of  rocks.  Water  very 
swift.  A  good  channel  should  be  made  by  the  removal  of  some  of  the 
rocks. 

6.  Eagle  Reef  (sketch  No.  4). — Tlie  channel  here  is  very  narrow  and 
crosses  the  rocks  as  shown  in  the  sketch.  The  chute  A  closes  of  itself 
during  low  water.    Some  of  the  ix)cks  should  be  removed. 

7.  Hole  in  tfie  Wall. — At  Hole  in  the  Wall  the  river  is  divided  into 
different  chutes  by  three  bars.  The  water  is  shallow,  and  an  increase 
of  depth  should  be  obtained  by  closing  some  of  the  chutes. 

8.  McKnighfs  Bars, — Here  the  channel  is  to  the  left  of  the  bars ;  is 
very  narrow,  and  contains  rocks  which  should  be  removed. 

9.  Rapids  half  a  mile  below  McKnighfs  Bars  (sketch  No.  5). — ^The  river 
at  this  point  is  obstructed  by  two  reefe  of  bowlders,  as  shown  in  the 
sketch.  Kocks  should  be  removed  from  the  point  of  each  of  these  reefs 
so  as  to  straighten  the  channel. 

10.  Double  Islands. — At  the  Double  Islands,  just  below  the  Niches,  the 
river  is  divided  into  two  chutes,  the  "  suck  ^  being  to  the  right.  Bowl- 
ders lie  across  the  channel  at  the  head  of  the  islands,  running  obliquely 
up  stream  toward  the  right  bank.    These  bowlders  should  be  removed. 

11.  Pablos  Rapids. — ^The  Pablos  Eapids  commence  at  Point  of  Rocks, 
and  are  quite  long  and  broad.  There  is  a  sufficient  depth  of  water,  but 
the  channel  is  filled  with  bowlders.  A  fi'ee  channel  should  be  made  by 
the  removal  of  some  of  the  bowlders. 

12.  Holmes's  Rapids  (sketch  No.  6). — ^These  rapids,  commencing  above 
Birch  Creek,  are  over  a  mile  in  length.  The  water  is  very  swift,  and 
there  are  a  number  of  bowlders  in  the  channel.  Boats  cannot  pass  these 
rapids  during  low  water  on  account  of  the  bowlders.  A  clear  channel 
should  be  m^e  by  removing  some  of  them. 

13.  Lone  Rock  Rapids. — Here  the  river  is  divided  into  two  chutes  by 
a  very  long,  narrow  bar  which  runs  up  close  to  the  right  bank,  leaving 
a  narrow  but  deep  channel,  which,  however,  has  situated,  in  it  a  large 
rock  some  12  feet  in  diameter,  and  which  cannot  be  passed  in  low  water. 
The  removal  of  this  rock  would  make  the  channel  a  good  and  safe  one. 

14.  Big  Bowlder, — ^This  bowlder  projects  about  2  feet  above  low  water, 
and  has  damaged  several  boats.    It  should  be  removed. 

15.  Gallatin  Rapids. — ^The  obstniction  at  this  point  consists  of  a  broad 
diagonal  reef  of  bowlders.  It  is  difficult  for  even  a  mackinac  to  pass 
without  hitting.  A  channel  should  be  made  here  by  removing  bowl- 
ders. 
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16.  Beards  Rapids, — At  this  point  there  is  a  bad  reef  of  bowlders  which 
cannot  be  passed  by  steamboats  daring  low  water.  A  channel  shonld 
be  made  by  removing  bowlders. 

17.  DauphirCs  Raj^ds, — At  a  small  island  above  the  rapids  there  are  a 
few  rocks  in  the  channel  which  should  be  removed.  The  work  on  the 
Rapids  themselves  should  be  continued  and  finished.  For  a  distance  of 
about  8  miles  below  the  foot  of  the  rapids  proper  the  channel  is  ob- 
structed at  various  places  by  rocks  which  should  be  removed. 

18.  Magpie  Rapids. — The  removal  of  rocks  is  all  that  is  required  here. 

19.  Bird's  Rapids, — These  rapids  are  caused  by  a  rocky  reef  which  ex- 
tends out  from  the  right  bank.  There  is  plenty  of  water,  but  the  channel 
is  only  about  20  feet  wide  at  low  water  and  should  be  widened  by  the 
removal  of  some  of  the  rocks. 

20.  Sturgeon  Island, — ^There  is  plenty  of  water  in  the  channel,  but  at 
the  head  of  the  island  there  is  a  "suck"  into  the  left  chute  and  boats 
are  sometimes  drawn  over  on  to  the  bar.  This  can  be  prevented  by 
closing  the  left  chute  with  a  dam. 

21.  Snake  Point, — The  lateral  chute  here  should  be  closed  by  a  dam. 

22.  Cow  Island, — The  dam  closing  the  middle  chute  and  marked  on 
the  map  "  Proposed  Daiii,''  should  be  built  and  the  upper  one  should  be 
finished.    There  should  also  be  a  short  spur  at  the  foot  of  the  islands. 

23.  Orand  Island  ^sketch  No.  8). — The  difliculties  at  this  point  are 
caused  by  two  gravel  reefs,  one  at  the  head  and  the  other  at  the  foot  of 
the  island.  The  water  on  these  reefs  is  very  shoal,  being  only  21  inches 
in  depth  at  low  water  stage.  All  of  the  lateral  chutes  should  be  closed 
by  dams,  and  it  will  probably  be  found  necessary  to  rake  the  bars  and 
build  wing-dams  to  raise  the  water  on  the  reefs. 

24.  Two  Calf  Islands  (sketch  No.  7). — ^At  this  point  the  lateral  chutes 
should  be  closed  by  dams. 

In  my  annual  report  for  the  last  fiscal  year  I  recommended  an  appit^ 
priation  of  $30,000,  but  I  discovered  upon  a  personal  examination  of  the 
river  last  summer  that  the  obstructions  were  much  more  extensive  and 
demanded  more  labor  and  time  for  their  removal  than  I  was  led  to  suppose. 
The  above  amount  was  proposed  under  the  supposition  that  the  ol^truc 
tions  to  navigation  were  so  slight  that  one  party  would  sufiftce  for  the  wort 
The  annual  period  of  time  during  which  rocks  can  be  economically  re- 
moved from  the  river  is  very  short,  being  only  two  mouths.  The  rapidity 
of  the  current  and  the  depth  of  water  are  too  gi'eat  before  about  the 
middle  of  August  to  permit  of  work  under  water,  and  oj>erations  should 
not  be  continued  later  than  October  20.  The  only  project  then  is  to 
increase  the  number  of  working  parties,  and  distribute  them  at  different 
points  along  the  river.  I  would,  therefore,  respectfully  recommend  that 
at  least  three  parties  be  employed  on  the  work  and  that  an  appropriation 
of  $75,000  be  asked  for,  as  I  consider  that  amoimt  the  least  that  can  be 
profitably  expended  in  one  season  and  produce  apparent  practical  results. 
I  am  of  the  opinion  that  with  that  amomit  the  river  can  be  improved  to 
such  an  extent  that  boats  wiU  be  enabled  to  go  to  Benton  duriug  the 
whole  season. 

I  would  also  recommend  that  application  be  made  for  an  appropriation 
of  $5,000  for  a  survey  of  the  river  from  Benton  to  Carroll.  Tliis  suney 
can  be  made  in  one  season,  and  is  indispensable  for  an  int^Uigent  coDsid- 
eration  of  the  improvement  of  the  river.  As  it  now  is,  having  no  other 
knowledge  than  that  boats  have  exi)erienced  difficulties  at  certain  jwints, 
it  is  impossible  to  do  more  than  to  estimate  for  the  maintenauce  d 
three  parties  and  trust  to  the  developments  of  the  coming  season  for 
accurate  and  detailed  information.    It  may  be  that  in  the  course  rf 
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the  work  at  the  points  enumerated  above,  difficulties  at  other  points  will 
be  discovered  or  developed. 

To  rei)eat,  at  least  three  parties  should  be  organized  in  this  city,  and, 
provided  with  all  the  necessary  material  and  appliances,  be  sent,  one  to 
Shonkin  Bar,  one  to  Dauphin's  Bapids,  and  the  third  to  Cow  Island. 
The  lirst  party  should  hnish  all  necessary  work  at  Shonkin  Bar,  and  then 
proceed  in  succession  to  Pablos,  Holmes's,  Lone  Rock,  Gallatin,  and 
Bear's  rapids.  These  are  the  most  important  obstructions,  and  their 
removal  is  absolutely  necessary  to  enable  boats  to  reach  Benton.  The 
second  party  should  finish  the  work  at  Dauphin's  Rapids,  and  then  turn 
its  attention  to  that  portion  of  the  river  between  Dauphin's  Rapids  and 
Cow  Island.  The  third  party  should  complete  the  work  at  Cow  Island, 
and  then  proceed  in  turn  to  Grand  Island  and  Two  Calf  Island. 

Great  credit  is  due  to  Mr.  H.  E.  Stevens,  assistant  engineer,  for  the 
ability  and  energy  which  he  brought  to  bear  upon  the  work. 

I  have  the  honor  to  forward  herewith  tracings  of  detailed  maps  of 
Dauphin's  Rapids  and  Cow  Island. 

Very  respectfully,  your  obedient  servant, 

Edwd.  Maghtire, 
First  Lieutenant  of  Engineers, 

The  Chief  of  Enghneers,  U.  S.  A. 


report  of  mr.  h.  £.  stevens,  assistant  ekoineer. 

United  States  Engineer's  Office, 

Saint  Paul,  Minn.,  December  20,  1877. 

Sir  :  I  have  the  honor  to  render  the  foUowing  report  upon  the  improvement  of  the 
MiB(H)ari  River  above  the  mouth  of  the  YeUowstone  River : 

Orders  were  received  from  you  to  prepare  for  the  work  May  10,  1877,  An  uncer- 
tainty as  to  the  exact  nature  of  the  work  to  be  done,  coupled  with  the  impossibility  of 
obtaining  a  supplementary  outfit,  made  it  necessary  to  provide  liberally  for  contin- 
gencies. 

Lumber  was  purchased  and  boat-s  framed  and  packed  at  Minneapolis.  Tools  and 
camp-equipage  were  bought  and  men  hired  here. 

Upon  the  11th  of  June  I  left  Saint  Paul  via  the  Northern  Pacific  route  with  a  party 
consisting  of  a  recorder,  foreman,  blacksmith,  carpenter,  cook,  and  20  men,  including 
boatmen  and  quarrymen.  After  a  delay  of  two  days  at  Bismarck,  I  took  the  steamer 
Benton  the  morning  of  the  16th  for  Dauphin's  Rapids,  this  being  the  place  about  which 
8teamboatmen  made  the  most  complaint  and  at  which  the  first  work  was  to  be  done. 

Arriving  at  Dauphin's  Rapids  upon  the  25th  of  June,  I  commenced  building  the  boats, 
and  was  ready  for  work  upon  the  17th  of  July. 

Dauphin's  Rapids  are  caused  by  an  excessive  fall  and  an  unusual  widening  of  the 
river.  There  is  no  navigable  3-foot  channel  clear  of  rocks  for  a  distance  of  3,100  feet. 
The  lower  part  of  the  rapids  is  divided  by  a  gravel  bar  2,000  feet  long,  300  feet  wide, 
projecting  about  2.5  feet  above  low-water.  The  main  channel  assumes  nearly  the 
8hai>e  of  tne  left  bank.  The  chute  to  the  right  of  the  bar  is  used  bv  boats  during  high 
vrater.  In  places  the  bottom  is  paved  with  bowlders  varying  in  size  from  6  cubic 
inches  to  3  cubic  yards;  these  are  often  found  in  groups,  one  or  more  large  rocks  form- 
ing the  nucleus  about  which  the  others  gather  and  taKe  their  places  in  the  most  com- 
pact form.  Again  it  is  of  coarse  gravel,  studded  with  bowlders  buried  deep,  often 
reaching  through  to  the  subsoil  of  clay. 

The  low  water  discharge  of  the  river  at  Dauphin's  Rapids  is  11,062  cubic  feet  per 
second ;  of  this,  5,047  cubic  feet  per  second  flows  to  the  right  of  the  bar. 

The  surface-rate  of  current  at  low  water  in  the  main  channel  is  3.2  miles  per  hour; 
at  a  medium  high  stAge  it  is  4.3  miles  per  hour.  Only  the  better  boats  npon  the  i^ver 
can  stem  it  without  the  use  of  a  Une. 

The  average  fall  for  3,200  feet  is  at  the  rate  of  8.9  feet  per  mile,  and  for  1,000  feet  of 
this  distance  it  is  11.42  feet  per  mile.  The  slow  rate  of  the  current  compared  with  the 
;jrreat  fall  can  be  accounted  for  by  the  fact  of  the  shoal  water  and  the  presence  of  so 
many  bowlders. 

The  improvement  devised  was  to  remove  all  bowlders  in  the  upper  700  feet  of  the 
shoal  to  the  depth  of  3  feet,  and  for  the  remainder  of  the  way  to  remove  them  to  a 
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depth  of  2.5  feet ;  then  to  hniM  two  wine-daros,  the  lower  one  closing  the  chute  to 
right  of  the  bar,  the  upper  one  projecting  mm  the  right  bank  opposite  the  head  of  the 
2.5-foot  channel ;  the  dams  to  be  of  bowlders,  which  could  be  obtained  along  the  banks 
within  a  mile  of  the  proposefl  sites;  the  bowlders  taken  from  the  channel  to  be  so  dis- 
pose«l  along  the  left  bank  as  to  contract  the  width  of  the  river  100  feet. 

Upon  the  19th  of  July  the  derrick-lioat  was  anchored  in  the  channel,  and  an  attempt 
made  to  commence  clearing  it  of  rocks.  The  current  was  found  too  swift  and  the 
depth  of  water  too  great  to  allow  of  the  profitable  prosecution  of  the  work,  so  that  it 
was  abandoned,  to  wait  for  a  lower  stage  of  water.  In  the  mean  time  work  of  gathn- 
ing  and  transporting  rocks  for  the  wing-dams  was  carried  on. 

Between  the  19th  of  July  and  the  13th  of  August  several  unprofit4ible  eflForts  were 
made  to  remove  rocks.  Upon  the  13th  of  August  I  anchored  the  boat  over  one  of  the 
bad  prominent  bunches  in  the  lower  i>art  of  the  rapids  (one  of  the  bnncfaes  whick 
steamboatmen  had  represented  as  a  single  rock),  and  was  able  to  do  good  work  in  its 
removal.  After  taking  out  several  groups  near  the  foot  of  the  rapids,  and  thus  gain- 
ing a  good  idea  of  the  magnitude  of  the  work,  I  found  that  it  wonld  be  impossible  to 
clear  a  channel  of  the  proposed  width  (300  feet)  during  the  season  with  the  appliances 
at  hand.  I  therefore  concluded  to  first  secure  a  channel  of  100  feet  in  w^dth.  This 
being  )>roiierly  buoyed  out,  work  was  commenced  at  Uie  head  of  the  rapids,  and  ftD 
bowlders  taken  out  to  a  depth  of  3  feet.  A  daily  progress  of  40  linear  feet  of  channel 
was  matle  for  a  distance  of^  700  feet.  Over  this  portion  the  water  wa«  d€?ep,  but  the 
bottom  was  covered  with  large  rocks  projecting  above  the  required  depth  ;  many  of 
them  re<]nired  blasting. 

At  this  ]>oint,  the  water  becoming  shoaler,  dependence  was  placed  upon  the  wing- 
dams  to  raise  the  water  surface,  and  the  rocks  were  taken  out  to  a  depth  of  2.5  feet. 
This  was  the  most  troublesome  portion  of  the  rapids  to  clear  of  rocks.  As  there  were 
many  ]»lace8  where  the  even  gravel  ^bottom  was  covered  by  slack  2.5  feet  water,  it  w» 
necessary  to  remove  all  the  small  stones.  They  were  deeply  bedded  in  coarse  gravel, 
and  recjuired  moving  from  their  be<ls  by  the  use  of  dynamite  before  they  could  be 
grap])led.  During  the  progress  of  the  work  on  the  rapids,  the  gathering  of  rocks  fof 
the  wing-dams  was  continued  and  the  lower  one  built  for  130  feet,  when  it  com- 
menced to  throw  water  into  the  main  channel,  and  work  upon  it  was  inimediatelr 
stop))ed.  Tliere  are  in  the  dam  200  cnbio  yards  of  rock.  The  upper  slope  is  covered 
with  gravel,  60  cubic  yards  having  been  used.  The  dam  is  6  feet  wide  on  top,  firont 
8loi>e  2  to  1,  back  slope  1  to  1.  Besides  the  rock  in  the  dam,  there  are  gathered  npoD 
the  banks  about  1,000  cubic  yards,  a  sufficient  amount  to  construct  the  remaining  pa^ 
tion  of  the  lower  dam  and  all  of  the  upper  dam. 

The  work  bad  progressed  satisfactorily  until  the  26th  of  September.  There  had  bees 
taken  ft*om  the  channel  2,400  bowlders  of  over  a  cubic  foot  each,  in  all  measuriiig 
286.5  cubic  yards.  They  were  placed  along  the  left  bank.  For  the  removal  of  these 
b<)wlders,  128  blasts  were  exploded.  At  this  time  the  channel  had  been  cleared  (cr  > 
distance  of  1,800  feet  from  the  head  of  the  rapids,  including  the  worst  of  the  shoal,  sod 
besides  several  prominent  bunches  of  rocks  had  been  removed  below  this  point  when 
work  was  first  begun  in  the  higher  stages  of  water. 

Tliere  was  still  sufficient  time  to  clear  the  remaining  portion  of  the  100-foot  channel 
and  to  build  the  dams,  thus  completing  the  work  at  this  point  the  present  sea<«A. 
Upon  the  above  date  orders  came  to  Captain  Kirtland,  in  command  of  the  escort,  to  go 
at  once  to  Cow  Island,  the  Nez  Perc^  having  crossed  there  a  few  days  before. 

Captain  Kirtland  was  depending  upon  my  boats  for  the  transportation  of  his  oon- 
mana,  and  there  was  no  other  means  at  hand.  I  hesitated  as  to  whether  I  wonld  le«ve 
or  not.  He  informed  me  that  he  would  be  obliged  to  seize  such  of  my  boats  as  would 
be  re^iuired  by  his  command.  This  made  it  necessary  for  me  to  go  to  Cow  Island  or 
resist. 

I  was  thus  obliged  to  leave  the  work  at  Dauphin's  when  everything  seemed  pn>- 
pitious  for  its  completion  this  season. 

The  damage  thus  caused  to  the  river  improvement  and  to  the  interests  of  uavigatioB 
was  very  great. 

Ha<l  the  work  been  finished  at  Dauphin's  (this  being  the  worst  place  on  the  river), 
nearly  all  of  next  year's  freight  could  have  been  carrim  tlirongh  to  Benton  by  rirer. 
As  it  now  is,  it  will  l>e  uecessap'  to  wait  for  low  water  for  the  completion  of  the  wort 
and  freight  taken  up  river  during  the  latter  part  of  the  season  will  have  to  be  unloaded 
below,  as  formerly,  and  haule<l  overland. 

I  went  to  Cow  Island  the  28th  of  September.  The  river  here  is  divided  by  tiro 
islands,  separated  by  a  narrow  chute.  About  two-thirds  of  the  water  passes  down  the 
main  channel  to  the  left.  From  the  conformation  of  the  river  and  its  banks  the  nuun 
channel  should  be  along  the  right  bank.  This  channel  i8  very  narrow,  and  in  pUe« 
rocky  and  swifts  The  main  channel  to  the  l«ft  is  obstructed  by  two  coarse  gravel  bars 
and  by  a  few  rocks.  The  fall  for  a  distance  of  6,000  feet  is  at  the  rate  of  5. 16  feet  per 
mile  ;  the  rate  of  the  current  is  2.7  miles  per  hour.  The  im)»rovements  proposed  were  to 
remove  the  rocks  in  the  main  channel  and  to  close  the  two  island  chutes  by  low  water 
dams.    Dams  to  be  of  bowlders.   . 
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The  rocks  were  removed  and  the  dam  at  the  upper  and  main  chute  was  completed 
October  21,  when  work  was  suspemled  for  the  season. 

The  cri>s8-8ection  of  the  dam  jiut  in  here  was  8  feet  to]j,  3  to  1  upper  slope,  1  to  1 
lower  slope.  There  were  710  cubic  yards  of  rock  placed  m  the  dam.  The  working 
boat  and  outfit  were  taken  to  Carroll  for  safe-keeping.  The  boats  were  pulled  out  upon 
high  ground.  The  afternoon  of  the  25th  Octc»ber  I  started  for  Bismarck  in  macki- 
iiaws.  I  was  able  to  make  from  50  to  75  miles  per  day,  arriving  at  Fort  Buford  Novem- 
ber 2.  Upon  the  night  of  the  4th  I  camped  at  the  mouth  oi  the  White  Earth  River, 
205  miles  from  Bismarck. 

For  several  days  the  weather  had  been  cold.  At  11  p.  in.  the  slush-ice  commenced 
to  run,  and  by  daylight  the  river  was  tilled  with  cakes  of  lar^e  dimensions. 

I  started,  as  usual,  the  morning  of  the  5th,  and  floated  along  in  the  ice  till  noon,  when 
I  reached  Knife  River. 

The  weather  still  wmtinued  cold.  The  ice  had  been  forming  fast  all  the  morning, 
and  I  did  not  consider  it  safe  to  run  on.  I  was  fortimate  in  tinding  freight-teams,  and 
employed  them  to  take  my  camp-equipage  to  Bismarck. 

I  reached  Bismarck  the  11th,  and  took  the  evening  train  for  Saint  Paul. 

The  Missouri  River  above  the  mouth  of  the  Yellowstone  for  a  distance  of  215  miles 
(32  miles  above  Fort  Peck)  bears  many  of  the  characteristics  of  the  lower  river.  There 
are  a  number  of  widespread  bars,  where  shifting  sands  make  an  uncertain  channel. 
They  do  not  l>econie  impassable,  nor  do  they  damage  boats,  but  oft«n  cause  delays. 
From  this  point  to  Carroll,  120  miles,  the  river,  with  few  exceptions,  is  good.  In 
character  it  is  between  the  shifting  sand-bar  river  below  and  the  rocky  and  rapid  river 
above.  There  are  a  few  places  that  will  require  improvement.  These,  by  the  removal 
of  a  few  rocks  and  the  building  of  short  dams,  will  be  made  permanently  goo<l.  From 
Carroll  to  Benton,  167  miles,  the  river  is  rapici,  channel  fixed,  banks  stable,  bottom  of 
gravel,  and  lK)wlders  of  frequent  occurrence. 

This  is  the  portion  of  the  river  that  requires  immediate  attention.  The  ba<l  places 
are  caused  either  by  gravel  bars  or  by  bowlders.  They  are  similar  in  character  to 
Dauphin's  Rapids  and  to  Cow  Island,  and  can  be  improved  in  the  same  way. 

A  coHiplete  survey  of  the  river  from  Fort  Benton  to  Carroll  can  be  ma<le  during  the 
months  of  August  and  September,  at  an  expense  not  to  exceed  $5,000.  This  would  be 
of  great  value  in  the  intelligible  improvement  of  the  river,  and  would  cost  but  little 
more  than  the  disconnected  surveys  which  must  be  made  at  all  points  improved  or 
examined. 

The  disconnected  surveys  have  to  be  made  by  laborers,  unskilled  in  the  work,  and 
must  oft«n  detain  working  parties.  Were  this  survey  completed  and  the  improve- 
ments planned  for  the  ditferent  points,  working  parties  could  commence  (where  only 
winc^-dam  improvements  are  needed)  a  month  earlier  than  they  otherwise  can.  I 
-would  respectfully  recommend  that  such  a  survey  should  be  made. 

AVith  this  report  I  submit  two  maps,  showing  the  river  at  Dauphin's  Rapids  and  at 
Cow  Island,  with  the  locations  of  the  proposed  wing-dam  improvements. 

I  wish  to  inform  you  of  the  courtesy  and  kindness  of  Capt.  T.  S.  Kirtland.     He  did 
everything  in  his  power  to  serve  the  interests  of  the  work. 
Very  respectfully,  your  obedient  servant, 

H.  E.  Stevens, 
Aasistant  Engineer, 

Lieut.  Edward  Maouire, 

Carps  of  Engineers,  U,  S.  A, 
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ANNUAL  REPORT  OP  MAJOR  F.  U.  FARQUHAR,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1878. 

United  States  ENaiNEER  Office, 

Rock  Island^  Illy  July  11,  1878. 

General  :  I  have  the  honor  to  transmit  herewith  my  annual  reports 
of  operations  at  the  several  works  under  my  charge  during  the  fiscal 
year  ending  June  30, 1878. 

I  am  under  great  obligations  to  Mr.  M.  Meigs,  United  States  civil  en- 
gineer, and  Messrs.  E.  F.  Hoffmann,  C.  W.  Durham,  and  J.  L.  Gillespie, 
assistant  engineers,  for  the  cordial,  intelligent,  and  faithful  service  they 
have  rendered  the  United  States. 

Very  respectfully,  your  obedient  servant, 

P.  U.  Fabqtthar, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  S.  A. 


Major  of  Engineers. 


P  1. 

mPROVEMENT  OF  UPPER  MISSISSIPPI  RIVER. 

Col.  J.  N.  Macomb,  Corps  of  Engineers,  was  in  charge  of  this  work 
until  November  15,  1877,  when  he  was  relieved  by  Maj.  F.  U.  Farquhar, 
Corps  of  Engineers.  The  work  accomplished  by  the  snag  and  dredge 
boat  Montana  is  as  follows : 

SUMMARY. 

Snags  extracted 94 

Trees  pnUed  back  68 

Overhanging  trees  removed 6, 3r)8 

Island  numbers  established 150 

Channel-marks  established 19 

Water-gauges  established ...•. 2 

Bench-marks  established 45 

Number  of  scrapes  made 240 

Boats  as8iste<l 18 

Mile«  of  survey  lines 4| 

Number  of  soundings 9,830 

Number  of  localities  examined 15 

Miles  run 4,482 

The  boat  was  under  the  charge  of  C.  W.  Durham,  assistant  engineer, 
and  he  deserves  much  credit  for  the  amount  of  work  the  boat  accom- 
plished under  his  direction. 

During  the  past  winter  a  general  map  of  the  Mississippi  Eiver,  in  26 
sheets,  from  the  Falls  of  Saint  Anthony  to  the  mouth  of  the  Illinois, 
was  reduced  from  all  the  means  of  information  in  the  oflBce,  for  the  pur- 
pose of  haying  it  photo-lithographed  and  distributed  to  river  men  to 
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induce,  if  iwssible,  a  uniform  nomenclature  of  localities,  and  on  which 
might  be  shown  changes  as  determined  by  future  observations.  This 
map  is  in  no  sense  a  hydrographic  map,  as  the  principal  basis  of  it  is 
the  United  States  land  surveys. 

During  the  latter  part  of  the  summer  and  fall  of  1877  occurred  the 
lowest  stage  of  water  between  Saint  Paul  and  Acton  since  1864. 

Under  instructions  fix)m  Col.  J.  N.  Macomb  the  low- water  was  marked 
at  61  stations  and  referred  to  permanent  bench-marks.  At  the  same 
time  soundings  were  made  on  the  principal  bars  and  crossings. 

The  low-water  stage  was  about  9  inches  higher  than  that  of  1864. 

These  observations  and  a  careful  record  of  gauge-readings  during  the 
present  year  in  connection  vrith  surveys  propos^  to  be  made  will  add 
much  to  the  knowledge  necessary  for  a  proi)er  study  of  the  river  before 
a  complete  plan  for  its  improvement  can  be  made. 

The  steamer  Montana  is  worn  out,  and  is  so  water-logged  that  it  draws 
too  much  water  for  its  work.  It  is  thought  that  a  new  wooden  hull  can 
be  built  and  the  machinery  from  the  present  hull  transferred  and  the 
Montana  operated  for  the  present  season  for  the  amount  of  money  now 
available.  Tlie  new  hull  should  be  a  little  wider,  and  shoold  not  be 
weighted  down  with  the  great  and  unnecessary  amount  of  upper  work» 
now  on  the  Montana. 

Mr.  M.  Meigs,  United  States  civil  engineer,  was,  under  the  ciirec'tion 
of  Col.  J.  N.  Macomb,  Corps  of  Engineers,  in  general  charge  of  the  im 
provement  of  the  Upper  Mississippi  and  the  special  works  of  ilnprov^ 
ment  on  the  river,  except  Rock  Island  and  Des  Moines  Rapids.  A 
reccmnaissance  of  tlie  Mississippi  River  between  the  mouth  of  tlie  Illinois 
River  and  Des  Moines  Rapids  was  made  and  some  of  the  worst  Imrs 
examined,  but  more  exact  surveys  must  be  made  before  plans  and  es^- 
mates  can  be  made. 

In  this  report  the  permanent  improvement  of  the  river  is  not  consid 
ered,  {is  Congress  has  made  separate  appropriations  for  the  permanent 
works,  and  under  that  head  separate  reports  will  be  made.  Until  the 
permanent  unprovemeuts  are  made  the  snag-boat  is  necessary,  and 
$30,000  should  be  appropriated  to  operate  it  for  the  fiscal  year  ending 
Jime  30,  1880. 

• 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVEMENT  OF  UPPER   MISSISSIPPI  RIVEfi. 

By  act  approved  March  2,  1867 $96,000  00 

By  allotment  from  appropriation  of  July  25,  1868 26,00000 

By  act  approved  Jnly  11,  1870    36,000  (» 

By  act  approve<l  March  3,  1871 42,  000  0& 

By  act  approved  June  10,1872 42,000tt> 

By  act  approved  March  3,  1873 25,000  <» 

By  m^-t  approved  June  23,  1874 25,000  00 

By  act  approved  March  3,  1875 25,000  OO 

By  act  approved  August  14,  1876 30,000  W 

By  act  approved  June  18,  1878 41,5(W«) 

388,500  00 

Money  statement. 

July  1,  1877,  amount  available |16,752  21 

Amount  appropriated  by  act  approved  June  18,  1878 41,500  00 

^,258  21 

July  1,  1878,  amount  expended  during  fiscal  year 14,663  03 

July  1,  1878,  outstanding  liabilities 850  21 

15,513  34 

July  1,  1878,  amount  available 42, 738  ^T 

Amount  that  can  be  profitably  expended  (operating  snag-boat)  in  fiseal 
year  ending  June  30,  1880  30,000ft^ 


APPENDIX  P. 


705 


STATISTICS  OF  COM^IERCE  AND  NAVIGATIOX. 

Lumber, 

The  most  important  business  interest  on  the  Upper  Mississippi  and  its  tributaries  is 
t}ie  lumber  tra<le,  giving  employment  to  great  numbers  of  men  and  upward  of  100 
steamboats  which  are  now  used  in  guiding  and  propelling  rafts.  Between  the  mouth 
of  the  Chippewa  and  Saint  Louis  there  are  73  mills  on  the  main  river,  with  an  annual 
€iay  samng  capacity  of  600,000,000  feet,  employing  12,000  men  and  representing 
^12,(K)0,(X)0  of  capital.  The  estimated  product  oi  white  pine  floated  into  the  Missis- 
8ipx>i  River  in  1877  is  750,000,000  feet,  including  logs,  lumber,  shingles,  &c. ;  in  1876, 
l,;fcM),(K)0,000  feet.  The  amount  of  logs  run  into  the  Mississippi  from  the  Saint  Croix, 
Chippewa,  and  Black  Rivers,  in  1877,  was  about  305,000,000  feet ;  in  1876, 515,(XK),(K)()  feet. 

Tlie  gi*eat  falling  off  in  the  qnantity  of  logs  and  lumber  received  from  the  tributaries 
and  in  the  manufactures  of  the  various  mills  dimng  the  season  of  1877,  as  shown  in  the 
above  statements  and  the  following  tables,  is  due  partly  to  the  low  water  in  the  Black, 
Chipi)ewa,  and  Saint  Croix,  which  caused  the  drives  to  come  slowlv  and  which  left  at 
the  close  of  the  season  a  large  percentage  of  the  logs  hung  up,  and  partly  to  the  ex- 
treme low  water  in  the  Mis8issipi)i  during  the  rafting  season  and  the  consequent  tlitti- 
culties  of  navigation  impeding  the  transportation  of  logs  to  their  destinations  at  the 
various  mills  on  the  main  river  between  the  mouth  of  the  Saint  Croix  and  Saint  Louis. 

The  following  table  shows  the  amount  of  liunber  manufactured  on  the  Upi)er  Mis-sis- 
sippi  and  tributaries  and  the  amount  on  hand  at  close  of  season  in  1877, 1876,  and  1875. 

1  omit  the  product  of  the  Wisconsin  River  in  this  statement,  inasmuch  as  nearly  all 
the  lumber  made  on  that  river  is  shipped  by  rail,  and  not  coming  into  the  Mississippi 
need  not  be  considered  in  this  connection  as  not  bearing  upon  the  question  of  improv- 
ing the  navigation  of  that  river. 

Most  of  the  figures  were  obtained  from  the  Northwestern  Lumberman,  published  at 
Chicago,  111. 

Table  showing  lumber  business  of  Upper  Mississippi  and  tribuinrieSj  for  1877,  1876,  and  1875. 


Namea,  localities,  dec. 


Fambam  &  Ixjvejoy,  O.  C. 
Merriraan  &  Co.,  W.  D. 
"Wiwliburn,  and  18  other 
firuiB  at  Minueaiwlii)  and 
above  

XAird,  Norton  &.  Co.,  "W.  & 
J.  Fleming,  Yoomans 
Brothers,  and  14  other 
firms  l»et  ween  Minneapolis 
and  Dubnque 

Xngram,  Kennedy  &  Day, 
&ibuqne  Lumber  Com- 
pany, and  3  other  firms  at 
IhilJuqne 

TV.  J.  Young  &  Co.,  C.  Lamb 
&  Sons,  Lamb  Byng 
Company,  and  9  other 
firms  at  Clinton,  Lyons, 
and  Fulton 

"WfiycrhaeuserA.  Denkmann, 
Ken  wick,  Shaw  Sc  Crosset, 
and  10  other  firms  at  Ko<:k 
Island,  Davenport,  and 
Moltue 

JElersbey  Lumber  Companv, 
P.  M.'MnsserAiCo.,  S.  &  J. 
C.  Atlee,  and  9  other  firms 
Ik-Iow  Davenport 

Schnlenberg.  Boeckler&Co., 
Hersey,  Bean  Sc  Brown, 
and  10  other  firms  on  the 
Baint  Croix 

£au  CLiire  Lumber  Com- 
pany, Union  Lumber  Com- 
pany, Daniel  Shaw  &  Co., 
and  17  other  firms  on  the 
Chippewa 

JjO,    Crosse    Lumber    Com- 

?anv,  C.  S.  Coleman,  John 
'aul,  and  10  other  firms  on 
theBhick 


Total    for   Mississippi   and 
tributaries  (124  firms) 


Lumber  manufactured. 


1877. 


Feet 


140, 874,  084 


62, 305, 000 


21, 250, 000 


80, 993, 275 


80, 565, 185 


63, 351, 880 


53,  341, 030 


157, 046, 678 


49, 250,  000 


708, 977, 132 


1876. 


1875. 


Feet 


Feet 


203,750,000   161,469,000 


72,600,000 


20,400,000 


123, 717, 000 


104, 350,  000 


91, 400, 000 


66,  793, 000 


255,  866, 999 


70, 852,  747 


1,009,729,746 


70, 700, 000 


14, 000, 000 


122, 018, 000 


74,  550, 000 


87, 375, 000 


75,  520,  000 


264,  077,  000 


62, 000,  000 


931,  709, 000 


Lumber  on  hand  at  close  of  season. 


1877. 


Feet 


60, 423,  348 


31, 830, 000 


10, 850, 000 


35,  783, 005 


33, 150,  000 


25, 773, 030 


7, 450, 000 


2, 150,  000 


19,  9.50,  000 


227, 359,  3&3 


1876. 


Feet 


98,860,000 


47,  515,  000 


16,  750,  000 


60, 200, 000 


52, 500, 000 


45,  760, 000 


26,  700,  000 


18, 200,  000 


23, 200,  000 


1875. 


Feet 


80, 582, 000 


43, 106, 000 


6.  500,  000 


51,  850,  000 


33, 440,  000 


33,  345,  000 


23, 970, 000 


26, 975, 000 


17,  750,  000 


389,  685.  000   317,  518,  000 


I^OTE. — The  total  day-sawing  capacity  of  the  mills  of  the  firms  above  mentioned  is  1,263,50Q^QQQ  1<(^\>^1 

lumber  per  season. 

45  E 
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In  order  to  show  the  entire  lumber  business  of  the  Upi)er  Mifieissippi  Valley  for  the 
past  three  seasons,  I  give  the  following : 

Summary, 


Locality. 


Main  river . 
Saint  Croix 
Chippewa. . 

Blmk 

Wisconsin  . 


Aggregate 


Lumber  mano  factnred. 


1876. 


1875. 


Feet 

456,  840,  424 
53, 341, 030 

157, 046, 678 
49, 250, 000 

143, 523, 000 


Feet. 

629,967,000 
66,793,000 

255,866,999 
70,  852,  747 

154,  700,  000 


Feet 

555. 397.  OO) 
75. 530. 000 

2e4.077.0(B 
62.  (KKt.  OiiS 

llt\000,OuO 


860, 001, 132  , 1, 178, 179, 146      1, 074, 9M.  001 


Receipts  at  Saint  Louis  from  Upper  Mississippi  River, 


1877. 


1876. 


White-pine  lumber  and  logs feet. . 

Shingles pieces. . 

Laths pieces. . 

Pickets pieces. . 


163, 304, 150 
64,  919,  000 
15,973,200 


165,889,75! 

5e.M(l,<»« 

15  380,  7j« 

6.8O3,0« 


STEAMBOATS   AND   FREIGHT. 


The  princinal  steamboat-lines  on  the  Upper  Mississippi,  above  Saint  Louis,  are  the 
Keokuk  Northern  lino,  and  the  Diamond  Jo.  line.  Besides  these  there  are  numerous 
independent  l>oat«  carrying  freight  and  passengers.  I  submit  below  a  statement  of  the 
two  principal  lines  above  mentioned :  of  the  amonnt  of  freight,  including  coal,  ice,  &c., 
earned  by  the  independent  boats,  I  nave  insufficient  data  to  make  a  reUable  estinuit^. 
although  the  amount  was  very  large,  probably  about  one-third  ae  much  as  the  two 
main  lines  combined. 

Statement  of  the  two  principal  steamboat  lineSj  Upper  Mississippi  River. 


Name. 

18T7. 

1876. 

Freight. 

Passengers. 

Freight.     PasseDgen 

KeoknkN.  L.  Co 

Tons. 
204,098 
75,000 

84.961 
18,365 

Tons, 
258,244 
93,676 

Diamond  Jo 

4SS 

Total 

279,098 

103,346 

351,920 

Statement  of  amount  of  freight  received  at  and  shipped  from  Saint  Louis  hy  the  Upper  Mit- 

sissipjn  River  for  six  years. 


1877. 

1876. 

1876. 

1874. 

1873. 

1871 

Received 

To7l9. 

136,  715 
68,565 

Tons. 
224,860 
93,360 

Tons. 
198,100 
96,225 

Tons. 
231,060 
95,800 

Tons. 
281, 175 
61,966 

Totu. 
342,58* 
55i,3S 

ShioDed 

Tot«l  carried     

205,280 

318, 220 

294,325 

326,^60 

343,141 

287,  gl> 
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Table  shoieing  the  aggregate  receipts  at  Saint  Louis  from  the  Upper  Mississippi  Biver  in  1877. 


Articles. 


Apples 

Barley 

Barley 

Beans 

Bran , 

Butter 

Cattle 

Cement 

Cheese , 

Cooperage 

Cooperajie 

Cooperaj;e 

Cooperage 

Cooperage 

CoojHjrage 

Com 

Corn-meal , 

l>rit»d  fniit 

f^:::;:::::::: 

I-lonr 

Grease 

Hay 

Horses  and  mules 

Hemp , 

Hides 

Hogs 

Hops 


Designation. 


Barrels 

Saeks 

BusheU.... 

Sacks 

Sacks 

Packages . . 

Keml 

Barrels 

Boxes 

Flour 

Pork 

Whisky. . . . 
Lard,  tierces 
Lard,  kegs. 
Meat,  casks 

Sacks 

Barrels 

Packages  . . 
Packages  . . 
Packages  . . 

Barrels 

Barrels  ." . . . 

Bales 

Head 

Bales 

Pounds 

Head 

Bales 


Quantity. 


27,944 

66,490 

11,726 

156 

1,347 

3,463 

10, 474 

2, 721 

1,335 

2, 246 

3,  945 

612 

22,996 

746 

6,321 

102, 733 

4,571 

837 

1,792 

1,4«0 

38,  279 

672 

59, 157 

3,321 

481 

398,0.54 

25,664 

63 


Articles. 


Iron  and  steel 

Lard 

Leather 

Malt 

Merchandise  and  sundries 

Oats 

Oils 

Onions 

Peltries 

Pork 

Pork  (hams) 

Pork  (meats) 

Potatoes 

Rye 

Railroad  iron 

Seeds 

Sheep .• 

Sugar 

Tallow 

Tallow 

Tar  and  pitch 

Tobacco 

Tobacco 

AVlieat 

Wheat 

Wines  and  liquors 

Wines  and  liquors  ..:... 
Wool 


Designation. 


Tons 

Pounds 

Rolls 

Sacks 

Packages . . . 

Sacks 

Barrels 

Packages  . . . 
Packages  . . . 

Barrels 

Pounds 

Pounds 

Packages  . . . 

Sacks 

Tons 

Sacks 

Head 

Barrels 

Barrels 

Packages . . . 

Barrels 

Hogsheads . . 
Packages . . . 

Sacks 

Bushels 

Barrels 

Boxes 

Pounds 


Quantity. 


2,096 

615,  305 

1.043 

200 

136,909 

162, 776 

1,765 

12,416 

3  480 

9,358 

213,  820 

2, 722,  248 

34,972 

4,518 

210 

3,296 

9.222 

155 

1,035 

28 

175 

1.692 

31,683 

175,  589 

11,763 

755 

324 

291,730 

The  following  table  affords  a  comparative  view  of  the  relative  amount  of  naviga- 
tion at  various  localities  on  the  Upper  Mississippi  for  the  last  three  seasons: 

Statement  of  steamers,  barges,  and  rafts  passing  various  bridges. 


Locality  of  bridge. 


Steamboats. 


1875.    I    1876. 


Dubuque  ... 

Clinton 

Rock  Inland. 
Burlington. . 
KeokuK 

Suincv 
anuiual  ... 
Louisiana . . . 


2,771 
2,471 
1,830 
1,412 
1,347 


1,370 
1,496 


2,647 
2,925 
1,976 
1,820 
1,590 
2,320 
1,863 
1,793 


1877. 


1,801 
2,174 
1,560 
1,139 
1,294 


1,467 
1,331 


Barges. 


1875. 


776 
600 
630 
495 
704 


447 
412 


1876. 


1,339 
455 
696 
806 
944 
650 
739 
638 


1877. 


816 
633 
790 
431 
572 


585 
425 


Rafts. 


1875. 


1,136 

930 

618 

♦164 

(t) 


168 
109 


1876. 


1,090 

*261 

627 

♦209 

(t) 
283 
183 
150 


1877. 


642 

♦352 

413 

♦155 

(♦) 


181 
106 


*  Partial  record. 


t  No  record  of  rafts. 


LIST  OF   STEAMBOAT  DISASTERS  AND  ACCIDENTS  IN  THE  UPPER  MISSISSIPPI,  BETWEEN 
SAINT  PAUL  AND  THE  MOUTH  OF  THE  ILLINOIS  RIVER,  FOR  THE  SEASON  OF  1877. 

June  30. — Redwing  burst  a  steam-pipe  at  Dallas,  111. ;  3  lives  lost. 

July  14. — Minneapolis  and  Dispatch  collided  below  Savanna,  sinking  the  latter; 
raised. 

July  17. — Alex.  Mitcbell  sunk  near  Oquawka,  HI.,  by  striking  a  snag;  raised. 

July  17. — Petrel  sunk  on  Des  Moines  rapids. 

July  20. — Damsel  sprung  a  leak  and  sunk. 

September  1. — Lion  struck  a  snag  at  Beef  Slougb  and  sunk;  raised. 

October  24. — WjTnan  X  struck  a  snag  near  Fort  Madison ;  boat  total  loss ;  valued 
at  $6,000. 

November  7. — Minnie  Will  sunk  near  New  Boston ;  boat  total  loss ;  valued  at  $3,000. 

November  8. — Alex.  >litchell  struck  a  snag  and  sunk  at  mouth  of  Des  Moines  River ; 
cargo  damaged ;  raised. 

CUSTOMS,  REVENUE,  AND  TONNAGE. 

That  portion  of  the  Mississippi  between  Saint  Paul  and  the  mouth  of  the  Illinois 
^iver  lies  partly  in  the  customs  district  of  Minnesota  and  partly  in  the  customs  district 
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of  Now  Orleans.     Pnrveyors  of  cnstonw  are  located  at  Burlington  and  rhibaqne.  Icrra 
Galena,  III. ;  8aint  Panl,  5Iinn.,  and  La  C^j«<«e.  WU. 

I  i^ve  alsf>  in  the  following  statement  the  total  exhibit  of  the  port  of  SAint  Lrmi^ 
where  the  greater  portion  of  the  Upper  Mihsi.ssippi  lx)atdi  are  rej^ist^-rf-d.  and  » lA<h.  in- 
clu*le«  iriiiiiy  of  the  Lower  Miiisissippi,  ^lissouri,  and  Illiuois  River  lM«ai2«w 


CufitovMj  revenue,  and  tonnage  for  fiscal  year  ending  Jmmt  20,  V 


at 


Port. 


CoIlectkmA. 


Saint  I>iui«.  Mo $1,422,W2  SH 

Burlin;.'ton.  Towa 2:rii»  <jO 

I>ubin|ii*-,  Ic»wa ',Vk\  24 

LaCroHn*.  Ww Zl*-?  >4 

Galt-ria.  Ill 6.  «i:il  To 


145.  4-^-  »T 


C^tB.Arki. 


3.  •_-_:$  >•. 


Saint  I'aiiK  Minn. 


7,440  C8 


4^*4  vf- 

'.'At  V 


ei^T 


U. 


init:rxal  revenue. 

Tlien*  are  10  intemal-revenne  districts  Inirdering  on  the  Misfiis^^ippi  River  >»erween 
8aint  Paul  and  the  mouth  of  the  IllinoiH  River.  Each  of  th€*se  di-strict^i  is  e«»ui|N»5«^l  of 
a  large  niiinlM*r  of  coiiiitie»,  the  greater  jHirtion  of  which  do  not  toinh  the  riv»-r.  bot 
the  l>ulk  of  the  hiiKincHH  receijitH  an<l  revi-niie  to  the  govenmunt  conuj»  fri»iu  tht-  >ecticBis 
bordering  iiiwin  the  river  and  trihutarv*  to  its  navigation  and  coniineree. 

I  give  below  a  table  showing  the  designation  of  the  district**  touching  the  river  be- 
twe^Mi  tlie  ]>oints  alK)ve  named,  the  rt»sideiice  of  the  collector,  and  the  auioiuit  of  col- 
lections for  the  fiscal  year  ending  June  3(>,  1877. 


S«*<'oiid  MiniM*w»tA 
Si'cond  Wwcoimin 
Sixth  Wim-oiiMin.. 

S«T<nMl  I«»wa 

Third  Towu 

Fourth  Iowa 

Thinl  IllinoiH 

Fourth  IllinoiH 

Fourth  MiHMouri. . , 


Aggregate 


IH«trict. 


Residence  of  collector. 


Fimt  MinnpHota Rochester 


=  ^ 


—  il  * 


I>^- 

Saint  I*aul im. 

Madi.^on j:>. 

Sparta v. 

Ijfeivenport 1T7. 

Dubuqne ^79. 

Bnrlin^«m 199. 

Mount  Carroll 3.  <i3^. 

Qiiinov 1*  SS9. 

Louiiiiana •jyci. 


777  fh 

€84  6 
?CS7  T* 

934  Z 

766  95 
S52T4 
206  49 
72»€1 


3.845,975  4? 


Pa. 


nirROVEMENT  OF  ROCK  ISLAND  RAPIDS,  MISSISSIPPI  RIVKR. 

Col.  J.  !K.  Macomb,  Corps  of  Engineers,  was  in  charge  of  this  work 
November  15,  1877,  when  he  was  relieved  by  Maj.  F.  U.  Farqubar,  Corps 
of  Engineers. 

One  thousand  and  fifty-two  cubic  yards  of  rock  were  chiseled  at  the 
foot  of  MoHne  Cliain,  le^iving  1,207  cubic  yards  still  to  be  chiseled  and 
2,505  cubic  yards  to  be  dredged.  The  work  wa«  done  by  means  of  a 
chisel-boat  hired  by  the  month  and  manned  by  hired  labor. 

The  report  of  Mr.  E.  F.  Hoflinann,  assistant  engineer,  is  hereto  appended, 
which  gives  all  the  details  of  the  season's  work. 

During  the  fiscal  year  ending  June  30,  1879,  it  is  proposed :  1st,  to 
finish  the  work  at  Moline  Chain ;  2d,  to  remove  a  small  patch  of  roci, 
containing  350  cubic  yards,  from  the  nai*row  Cabin  Passage  on  tlie  SaiDt 
Louis  Chain ;  and  3d,  to  make  in  the  autumn  a  careful  survey  of  the 
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rapids,  using  the  Hoffmann  sounding-machine  and  rake  to  determine  if 
any  loose  rock  or  bowlders  have  been  brought  into  the  improved  chan- 
nels by  ice. 

The  sum  of  $20,000  should  be  appropriated  for  the  fiscal  year  ending 
June  30, 1880,  for  constructing  a  system  of  channel-marks  and  cleaning  the 
improved  channels  of  any  loose  rock  or  bowlders  that  may  be  found  in 
them  by  the  proposed  survey.    This  will  finally  complete  this  work. 

Money  statement. 

July  1,  1877,  amount  available $14, 762  87 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

$44, 762  87 

July  1,  1878,  amount  expended  during  fiscal  year 11, 505  00 

July  1,  1878,  outstanding  liabilities 406  50 

11,911  50 

July  1, 1878,  amount  available 32, 851  37 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  prodtably  expended  in  fiscal  year  ending  June  30, 1880. .    20, 000  00 


report  of  mr,  e.  f.  hoffmann,  assistant  engineer. 

United  States  Engineer  Office, 

liock  Islandy  Ill.j  June  30,  1878. 

Major:  I  have  the  honor  to  submit  my  annual  report  of  operations  for  the  "im- 
provement of  the  Rock  Island  Rapids  of  the  Mississippi  River  "  during  the  fiscal  year 
ending  June  30,  1878. 

In  my  last  annual  report  the  excavation  of  143.3  cubic  yards  of  rock  at  the  foot  of 
Moline  Chain  wa«  given  for  the  month  of  June,  1877.  The  chisel-boat,  with  a  picked 
crew,  worked  until  November  30,  with  very  good  results. 

July,  1877,  exhibited  238  cubic  yards  oi  rock  broken ;  August,  1877,  exhibited  204 
cubic  yards;  Septemjjer,  1877,  exhibited  224  cubic  yards;  October,  1877,  exhibited 
213  cubic  yards;  November,  1877,  exhibit^jd  173  cubic  yards;  total,  1,052  cubic  yards. 

Of  the  whole  amount  of  2,505  cubic  yards  to  be  broken  at  Moline  Chain,  there  have 
already  been  disposed  of  l,ii)8  cubic  yards,  so  that  1,207  cubic  yards  remain  to  be 
worked  during  the.  fiscal  year  ending  June  30,  1879.  The  exhibit  of  work  done  by  the 
chisel-boat  is  a  very  favorable  one.  Experience  has  shown  tliat  the  breaking  of  rock 
by  the  chisel-boat  on  the  diff'erent  formations  of  limestone  varied  in  daily  amount  from 
5.5  cubic  yards  to  10.4.  In  but  one  instance,  at  Sycamore  Chain,  where  the  rocky  bot- 
tom of  the  river  consists  of  soft  magnesian  limestone,  the  breaking  of  rock  reached  as 
high  a«  14  cubic  yards  for  a  few  days.  During  the  present  season  9.2  cubic  yards  were 
daily  disposed  of  by  the  chisel,  a  result  which  can  be  called  a  good  one,  inasmuch  as 
the  rock  at  the  foot  of  Moline  Chain  is  a  very  hard  white  limestone,  mixed  with  sili- 
cate. 

As  there  have  been  removed  1,195,  or,  in  round  numbers,  1,200  cubic  yards  by  the 
chisel-boat  during  the  months  June  to  November,  1877,  inclusive,  and  as  the  data  ob- 
tained from  the  office  exhibit  a  disbursement  of  about  $9,500  during  that  time,  I  am 
able  to  submit  a  comparison  between  the  system  of  doing  the  work  at  Moline  Chain 
by  hired  lal)or  and  machinery  and  by  the  system  of  inviting  bids  and  letting  the  work 
to  the  lowest  bidder.  It  may  be  stated  in  advance  that  bids  for  similar  work  on  other 
less  dangerous  chains  have  at  different  times  reached  the  high  prices  of  $18.20  and  $24 
per  cubic  yard,  and  at  the  Moline  Chain  therefore  an  assumed  price  of  $20  per  cubic 
yard  is  not  taken  at  random  in  the  within  table  of  comparison. 

Apart  from  the  economy  of  doine  the  work  by  hired  labor  and  machinery,  as  seen  by 
the  table,  it  may  be  stated  that  the  quality  of  work  done  by  this  system  is  superior. 
Contractors  are  anxious  to  push  the  work,  and,  notwithstanding,  the  strictest  surveil- 
lance, jiieces  of  rock  remain  unbroken  and  cause  serious  trouble  at  times. 

In  the  system  of  hired  labor  the  thorough  execution  of  the  work  is  paramount. 
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Table  exhibiting  a  comparison  between  the  cost  of  excnvating  rock  at  MoUne  Chain  by  hired 

labor  and  by  contract. 


Contract  work.  'I  Hired  labor  and  machinery. 


1,200  cnbic  yards,  at  assumed  price  of                    !|  1,200  cubic  yards,  including  engineering 
$20  per  yard $24, 000    I      and  contingencies |9, 500 


Add  6  montliH'  expenses  for  engineering 
and  contingencies,  at  $650  per  month' 


3,900 


27,900 


Add  40  days'  hire  of  dredge,  at  $100  per 
day !         4,000 


13,500 


Price  per  cubic  yard,  $23.25.  Price  per  cubic  yard,  $11.25. 


The  work  of  the  chisel-boat  at  the  foot  of  Moline  Chain  was  often  interfered  with 
by  passing  steamers  and  rafts. 

Tlie  naiTowness  of  the  channel  between  the  rock  patches  to  be  w*orked  at  and  the 
margin  of  tlie  channel  made  it  necessary  to  raise  the  side  anchors  an<l  swing  ont  of 
the  way.  There  were  two  collisions  between  rafts  and  the  chisel-lmat,  one  in  July 
and  one  in  September.  In  both  cases  the  chisel-boat  was  carried  downstream  one- 
half  mile,  but  no  loss  of  life  or  other  than  small  damage  to  rope  was  experienceiL  I 
take  pleasure  at  this  point  to  recommend  Mr.  C.  H.  Benck,  assistant  engineer,  to  your 
favoral)le  consideration,  as  well  as  the  men  constituting  the  crew  of  the  chisid-boat. 
The  faithful  services  oi  Mr.  Benck,  who  superintended  the  operations  of  the  chisel- 
boat,  deserve  honorable  mention,  as  by  his  care  and  foresigiit  disastrous  a<:cidents 
have  been  avoided.  I  inclose  a  sketch  in  rt?lation  to  the  work  of  the  chisel-boat  at 
the  foot  of  Moline  Chain,  which  explains  itself. 

In  the  office  the  following  maps  were  drawn :  28  maps  representing  the  different 
chains  of  the  rapids  before  and  after  improvement  were  reduced  from  the  large  hydro- 
graphic  sheets  of  the  rapids  survey ;  1  map  representing  on  a  reduced  scale  the  rapids 
from  the  head  to  the  foot  before  and  after  improvement ;  3  maps  showing  the  pit  of 
coffer-dams  at  Moline  and  Smith's  Chains  and  the  method  of  subaqueous  blasting  by 
the  use  of  tripods;  1  map  exhibiting  a  longitudinal  section  through  the  natund 
channel,  and  through  the  different  cuts  at  the  chains  from  the  head  to  the  foot  of  the 
rapids;  7  maps  showing  cross-sections  at  the  7  different  chains;  1  map  containing 
levels  of  surface  of  water  at  low-water  of  1864  and  high-water  of  1870 ;  1  map  exhibit- 
ing the  method  of  sounding  during  the  early  yeara  of  the  improvement. 

The  above  enimierated  maps  ai'e  drawn  in  India  ink  for  the  purj^ose  of  being  later 
multiplied  by  photolithographic  process  to  s<Tve  for  illustrating  the  pro]>osed  history 
of  the  improvement.  Material  has  been  collected  from  the  recoixls  of  the  office  and 
the  history  begun.     Fair  progress  has  been  made  in  this  work. 

Besides  these  maps,  numerous  other  maps  and  copies  of  maps  have  been  made  or  re- 
duced and  drawn. 

Considerable  time  was  devoted  to  the  collation  and  preparation  of  additional  evi- 
dence from  the  office  records  for  use  in  the  case  of  C.  G.  Case  &  Co.  vs.  The  United 
States,  now  pending  in  the  Supreme  Court. 

Verj'  respectfully,  your  most  obedient  servant, 

E.   F.   HOFFMAXN, 

Assistant  Engineer. 
Maj.  F.  U.  Farquhar, 

Corps  of  Engineers,  U.  S.  A. 


P3. 

PROTECTING  PIERS  AT  ROCK   ISLAND   BRIDGE   BY    MEANS    OF  SHEER- 
BOOMS. 

This  work  was  under  the  charge  of  Col.  J.  K  Macomb,  Corps  of  En- 
gineers, until  Koveniber  15,  1877,  when  he  was  relieved  by  Maj.  F.  IT, 
Farquhar,  CoriJs  of  Engineers. 

Under  a  contract  made  with  the  Eau  Claire  Lumber  Company  (a  part 
proprietor  of  the  Pond  sheer-boom),  two  booms  were  consti-ucted,  one 
750  feet  in  length,  which  wa«  furnished  with  rudders  to  work  it,  called  a 
Pond  sheer-boom,  and  one  without  rudders,  400  feet  in  length. 
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The  booms  should  have  been  in  place  last  fall,  but  the  very  low  stage 
of  water  in  the  Chippewa  Eiver  prevented  the  booms  from  being  floated 
down  from  Eau  Claire,  where  they  were  built. 

The  booms  arrived  at  the  bridge  on  the  l^h  of  May,  but  it  was  not 
until  June  25  that  everything  wa«  in  working  order. 

There  has  not  yet  time  enough  elapsed  to  fairly  test  the  value  of  the 
rudder-boom,  but  from  the  few  experiments  made  it  gives  promise  of 
being  a  very  useful  appendage  to  the  bridge. 

The  accompanying  drawing  shows  the  details  of  the  construction.  The 
sheer-boom  without  rudders  is  in  every  other  respect  like  the  one  fur- 
nished with  them.  The  cut- water  at  the  head  of  the  boom  was  put  on 
after  the  boom  was  in  place,  as  the  square  end  of  the  boom  would  be 
de^stroyed  if  struck  by  a  raft  without  it. 

On  Fig.  H  is  shown  the  location  of  the  booms.  Fig.  F  shows  the  rud- 
der-boom in  plan.  Fig.  E  is  a  rear  elevation,  Fig.  D  a  front  elevation, 
and  Fig.  C  a  plan  of  the  boom  without  rudders.  Figs.  A,  B  are  sections 
of  the  same.  Fig.  I  shows  one  of  the  anchoring-bolts,  of  which  there  are 
two.  Fig.  G  shows  the  cut-water  at  head  of  rudder-boom  and  the  pon- 
ton. This  latter  is  generally  fidl  of  water,  but  it  can  be  pumped  out 
when  at  high  stages  of  water  there  is  a  great  stiain  on  the  anchoring- 
chains,  which  might  pull  the  head  of  the  boom  under. 

The  rudder-boom  is  furnished  with  44  rudders,  16  feet  apart,  and  oper- 
ated by  wire  rope  and  9  crabs.  This  enables  one  man  to  operate  the 
boom  with  great  ease.  The  rudder-boom  is  anchored  to  the  bolts  by 
means  of  a  1-inch  iron  chain,  420  feet  long,  which  passes  from  one 
anchor-bolt  up  to  and  through  an  iron  hawse-pipe  on  the  head  of  the 
boom,  and  then  passes  around  two  iron  bolts  at  the  second  stanchion, 
thence  back  through  another  hawse-pipe  to  the  other  anchor-bolt. 

The  other  boom,  which  hangs  against  the  rocky  shore  of  the  island 
just  above  the  south  abutment,  is  attached  to  a  crib  which  is  furnished 
with  a  cut-water. 

All  the  lumber  of  which  the  booms  are  constructed  is  pine,  except  the 
rudders,  which  are  of  oak. 

The  rudders  are  20  feet  long,  3  feet  wide,  and  tapering  in  thickness 
from  3  inches  at  the  hinge  to  1^  inches  at  the  outer  end. 

Money  siatennent 

July  1,  1877,  amount  available $15,000  00 

July  1,  1878,  amount  expended  during  fiscal  year $11,  453  58 

July  1,  1878,  outstanding  liabUitiea 264  37 

11, 717  95 

July  1,  1878,  amount  available 3,282  05 


P4. 

IMPROVEMENT  OF  HARBOR  AT  FORT  MADISON,  IOWA. 

In  charge  of  Col.  J.  ^N".  Macomb,  Corps  of  Engineers,  until  November 
15, 1877^hen  he  was  relieved  by  Maj.  F.  U.  Farquhar^  Corps  of  Engi- 
neers. The  work  on  this  improvement  consisted  in  closing  Niota  Chute, 
opposite  Fort  Madison,  which  diverted  about  two-fifths  of  the  water 
from  the  main  channel.  The  plan  of  construction  was  the  same  as  at 
Kush  Chute. 

The  dam  was  located  near  the  head  of  Island  392,  and  was  placed  as 
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near  as  might  be  at  right  angles  to  the  thread  of  the  current.  At  the 
close  of  the  season's  work,  October  2,  1877,  the  dam  was  in  most  places 
1  foot  above  low-water. 

Amount  of  rock 3,266  yards, 

Amoaut  of  brush 3,  853  ^rardft. 

Total  in  dam 7, 119  yards. 

Linear  feet  of  dam 1, 100 

Average  cost  of  dam  and  shore  protections,  $1.27  per  yard. 
Average  cost  of  dam  proper,  $1.16  per  yard. 

To  the  local  mspector,  Mr.  E.  P.  Lowe,  much  credit  is  due  for  skillful 
management  of  the  work. 

It  is  pro|)osed  during  the  present  season,  with  the  fands  available,  to 
finish  the  dam  and  shore  protections,  for  which  about  2,500  cubic  yards 
of  rock  will  be  re<iuired.  Further  examinations  will  be  necessary  in 
order  to  project  such  additional  work  as  may  be  needed. 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVING  HARBOR  OF  FORT  MAI>ISON,  IOWA. 

By  act  approved  August  14,  1876 $10,000  00 

By  act  approved  June  18,  1878.. 8,000  00 

Total 18,000  00 

Original  estimate  for  existing  project 30,186  87 

Remaining  to  be  appropriated 12,186  87 

The  work  was  done  by  hired  labor  and  the  stone  bought  by  contract.     Abstract  of 
proposals  are  herewith  attached. 

Money  statement 

July  1,  1877,  amount  available |9, 636  57 

Amount  appropriated  by  act  approved  June  18,  1878 8,000  00 

|17, 636  57 

July  1,  1878,  amount  expended  during  fiscal  year 9,341  83 

July  1,  1878,  outstanding  liabilities 257  75 

9,599  58 

July  1,  1878,  amount  available 8,036  99 

Amount  (estimated)  required  for  completion  of  existing  project 12, 186  87 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880.       12, 186  87 
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Ps. 

IMPROVEMENT  OF  RUSH  CHUTE  AXD  HARBOR  AT  BURLINGTON,  JOWA 

Col.  J.  N.  Macomb,  Corps  of  Enpneers,  was  in  charge  until  November 
15,  1877,  when  he  wa«  relieved  by  Maj.  F.  U.  Farquhar,  Corps  of  Engi- 
neers. The  work  on  this  improvement  consisted  in  building  a  dam 
between  Eush  Island  (No.  374)  and  Otter  Island  (No.  373)  for  forcing 
more  water  into  the  regular  channel  through  Kush  Chute.  The  location 
of  the  dam  was  near  the  head  of  Rush  Island  and  nearly  at  right  angles 
to  the  current. 

The  foundation  and  apron  is  of  brush,  made  into  fascines  1  foot  thick 
and  12  feet  long,  the  botly  of  the  dam  being  of  loose  rock.  The  head  of 
Rush  Island  was  protected  by  riprap,  and  the  same  shore  protection, 
with  a  layer  of  fascines  at  the  toe  of  the  slope,  extended  100  feet  below 
the  axis  of  the  dam  on  Rush  Island.  At  the  Otter  Island  end  the  bank 
was  riprapped  50  feet  above  and  100  feet  below  the  axis  of  the  dam. 

All  the  work  was  done  by  hired  labor,  except  the  furnishing  of  the 
rock,  which  was  bought  by  contract. 

At  the  close  of  operations,  October  27, 1877,  the  dam  averaged  5  feet 
in  height  clear  across,  bringing  it  up  to  grade  in  some  places  and  in 
others  leaving  a  height  of  7  feet  to  be  completed.  The  brush  founda- 
tion and  apron  were  complete. 

Cnbic  yards. 

Rock  in  place 1,463.8 

Brush 3,285.5 

Total 4,749.3 

The  local  inspector,  Mr,  F.  S.  Eastman,  deserves  credit  for  energetic 
and  faitliful  pertbrmance  of  his  duties. 

It  is  proposed  dimng  the  present  season,  with  the  available  funds,  to 
finish  the  dam  at  the  head  of  Rush  Chute. 

Some  other  work  may  be  necessary  below  the  head  of  Eush  Chute, 
but  an  examination  must  be  made  before  the  work  is  commenced. 
Some  2,839  cubic  yards  of  rock  will  be  needed  to  finish  the  dam. 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVEMENT  OF  RUSH  CHUTE  AND  HARBOR 

OF  BURUNGTON,  IOWA. 

By  act  approved  August  14,  1876 $10,000  00 

By  act  apiiroved  June  18,  1878 10,000  00 

Total 20,000  00 

Original  estimate  for  existing  project 35,221  70 

Remaining  to  be  appropriated 15,221  70 

Money  statement 

July  1,  1877,  amount  available $9,927  79 

Amoont  appropriated  by  act  approved  June  18,  1878 10,000  00 

$19,927  79 

July  1,  1878,  amount  expended  during  fiscal  year 9,793  78 

July  1,  1878,  outstanding  liabilities 100  00 

9,893  78 


July  1,  1878,  amount  available 10,034  01 

15,221  70 
15, 221  70 


Amount  (estimat-ed)  required  for  completion  of  existing  project 15, 221  70 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1880  - . 
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COMMERCIAL  STATISTICS. 

JRirer  commerce  at  Burlington^  lovoa,  for  1877. 


Designation. 


Lumber feet. . 

Shingles 

Lath 

Sash,  doors,  &c 

Wood cords . . 

Coal tons.. 

Brick 

Sand tons.. 

Merchandise  of  various  kinds 


Quantity. 


95.009,000 
63,  000,  000 
10,  000,  000 


10,000 

12,000 

300,000 

12,000 


Value. 


$1, 615, 000 

189,000 

27,000 

50,000 

35,000 

35,  000 

18,000 

8,000 

1, 266,  000 


Total 


3, 242, 000 
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P  8. 

REMOVAL  OF  BAR  IN  THE  MISSISSIPPI  RIVER  OPPOSITE  DUBUQUE,  IOWA. 

Col.  J,  N.  Macomb,  Corps  of  Engineers,  was  in  charge  until  Xovember 
15,  1877,  when  he  was  relieved  by  Maj.  F.  U.  Farquhar,  Coqis  of  Engi- 
neers. 

Tlie  work  during  the  fiscal  year  consisted  in  dredging  30,261  cubic 
yards  of  sand  of  the  point  of  the  bar  that  extends  from  the  Barney  Cut 
in  the  levee,  down-stream,  to  below  the  steamboat  landing.  The  point 
of  the  bar  was  removed  as  far  up  as  opposite  tlie  middle  of  the  wharf- 
boat.  The  dredging  was  done  by  contract  by  Mr.  George  Williams,  of 
Keokuk,  who  was  the  only  bidder  who  could  begin  the  work  in  a  rea- 
sonable time.    The  abstract  of  projwsals  received  is  hereto  appended. 

The  dredging  should  be  continued  up-stream  so  as  to  give  steamboats 
an  easv  access  to  the  landing.  Tliis  would  require  a  further  dredging 
of  84,128  cubic  yards,  which  will  cost  $23,135.20. 

Seventh  Street  Slough  and  New  Barney  Cut  should  be  closed.  No 
estimate  is  made  for  closing  the  cuts,  as  it  would  seem  that  such  work 
should  be  done  by  the  citj'  of  Dubuque  rather  than  by  the  United  States. 
With  the  funds  available  the  dredging  will  be  continued. 

Not  less  than  $13,125.20  shoidd  be  appropriated  for  the  fiscal  year 
ending  June  30, 1880. 

Commercial  statistics  are  hereto  appended. 

Dubuque  is  in  the  customs-district  of  New  Orleans,  La. 

Money  statement 

July  1,  1877,  amount  available $14,  416  82 

Amount  appropriated  by  act  approved  June  18,  1878 10,  000  00 

$24,  416  82 

July  1,  1878,  amount  expended  during  fiscal  year 14,  38:5  65 


July  1,  1878,  amount  available 10,033  17 

Amount  (estimated)  required  for  completion  of  existing  project 13, 125  20 

Amount  that  can  be  profitably  expended  in  fiscal  year  euding  June  30, 1880.     13, 125  20 


COMMEBCIAL  STATISTICS. 

Beceipts  by  river. 

Lumber 75, 000, 000  feet. 

Hogs  (live  and  dressed) 4,  0(>0, 000  pounds. 

Oats 12,  700,  000  pounds. 

Com 1,  470,  0(K)  pounds. 

Wheat 36(i,  420  pounds. 

Hour 112,  000  pounds. 

Butter 110,  000  poimds. 

Green  hides 381  packages. 

Lead 594, 110  pountU. 

Salt 18,  000  barrels. 

Cement 1,700  barrels. 

Staves 500,000 

Horses 412  head. 

Cattle 4, 300  head. 

Coal 14, 400, 000  pounds. 

Merchandise,  including  iron,  nails,  glass,  oils,  cordage,  wagon 

material,  and  goods  of  every  description 51, 000  tons. 

Number  of  passengers  landed' 14, 280 

Number  of  steamboat  landings 914 
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Shipmrmtf  h^  rirfr. 

Oatfl ^.550. '^•Vlpocsasw 

Wheat 3.  4l^:i»«»  P^Kradsw 

Com - UllT.;U:»pp^<ia«i*. 

Barley 31".  •••»  pr^iwi*. 

Butter **^-  IT"  |p*cii>*ia. 
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Lard 2, 2:V?.  13S  pi^^md^L 
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3  ,  G«orge  Williams* Keokuk.  lowm R  S.  Brown.  Joe^  W.  Bishop 27  12  #• 


*  Cootrftct  awmrdcd. 

P7. 

niPROVEMEKT  OF  THE  MISSISSIPPI  RIVER  FROM  THE  BRIDGE  OF  THE 
CHK  AGO.  MILWAUKEE.  AND  SAIXT  PAUL  RAILROAD.  ABOA^E  LA 
CROSSE,  WISCONSIN,  TO  THE  MOUTH  OF  ROOT  RIVER,  BELOW  SAID 
CITY. 

No  work  was  done  during  the  last  fiscal  year.  The  work  to  be  done 
here  consists  in  closing  the  chute  on  both  sides  of  Bates  Island  and  pro- 
tecting the  head  of  Grand  Island. 

Til  is  work  will  be  commenced  as  soon  as  contracts  can  be  made  after 
due  advertising  for  proixxsaLs. 

The  amount,  $12,500,  appropriated  by  act  approved  June  18,  1878, 
wiU  complete  the  work. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $12,500  0»> 

July  1,  1878,  amount  available 12,500  00 


condition  op  the  channel  of  the  mississippi  riter  at  la 

crosse,  wisconsin. 

United  States  Engineer's  Office, 

Eock  Island^  i//.,  ISth  August^  1877. 

General:  I  have  the  honor  to  transmit  herewith  the  report  of  the 
Board  of  Engineers  constituted  by  special  orders  No,  1,  dated  War 
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Department,  Adjutant-GeneraPs  OflBce,  Washington,  D.  C,  January  4, 
1875,  and  reconvened  by  special  orders  No.  93,  dated  headquarters 
Corps  of  Engineers,  Washington,  D.  C,  August  11^  1877,  to  consider 
and  report  upon  condition  of  the  channel  of  the  river  at  La  Crosse, 
Wis. 

I  remain,  very  respectfully,  your  most  obedient  servant, 

J.  N.  Macomb, 

Colonel  of  Engineers. 
Brig.  Gen.  A*  A.  Humphreys, 

Chief  of  Engineers  V.  8.  A. 

[First  iDdorsement.  ] 

Office  of  Chief  of  Engineers, 

Augmt  29, 1877. 

Bespectfully  submitted  for  the  information  of  the  honorable  the  Sec- 
retary of  War. 

In  the  opinion  of  the  Chief  of  Engineers  the  report  seems  reasonable 
and  the  suggestions  or  recommendations  judicious. 

By  direction  of  Brigadier-General  Humphreys,  and  in  his  absence. 

George  H.  Elliot, 

Major  of  Engineers, 


REPORT  of  board  OF  ENGINEERS. 

La  Crosse,  Wis., 

August  16, 1877. 

General  :  The  Bojird  of  Engineers  constituted  by  special  orders  No. 
1^  dated  War  Department,  Adjutant-General's  Office,  Wasliington  D.  C, 
January  4,  1875,  and  reconvened  by  special  orders  No.  93,  dated  head- 
quarters Corps  of  Engineers,  Washington,  D.  C,  August  11,^1877,  met 
at  La  Crosse^  Wis.,  on  the  15th  instant,  all  the  members  being  present. 

The  order  in  question  directs  the  Board —  . 

To  examine  and  report  upon  the  condition  of  the  channel-Tray  of  the  river  opposite 
that  city  [La  Crosse],  the  cause  of  the  changes  that  have  taken  place  or  are  now 
takins  place  in  the  bed  of  the  stream,  and  to  reconmiend  such  works  and  measures  by 
the  iJnitM  States,  if  any,  as  may  be  considered  proper  and  expedient  to  arrest  the 
shoaling  and  restore  the  channel  to  its  former  j>osition. 

The  first  duty  prescribed  in  the  above  instructions  is  to  report  upon 
the  present  condition  of  the  channel- way  opposite  La  Crosse. 

The  channel  of  the  Mississippi  along  the  La  Crosse  landing  is  in  ex- 
cellent condition,  and  the  "Grand  Crossing,^'  a  bar  just  below  the  city 
that  has  usually  been  very  troublesome,  has  now  a  greater  depth  of 
water  than  many  other  bars  above  and  below. 

The  part  of  the  river  in  this  vicinity  about  whose  condition  the  citizens 
of  La  Crosse  were  apprehensive  extends  upstream  from  the  mouth  of 
the  Black  Eiver  to  the  foot  of  Minnesota  Island,  a  distance  of  about  one 
mile.  In  this  section  of  the  river  there  is  a  series  of  flat  sand-reefs,  with 
channels  alternately  close  to  either  bank,  that  necessitate  three  square 
crossings  of  the  river  between  the  mouth  of  the  Black  and  the  railroad- 
bridge.  In  addition  there  has  been  an  abrasion  of  the  head  of  Grand  or 
Barron's  Island  for  a  width  of  about  40  feet,  and  some  of  the  trees  and 
bushes  thus  undermined  have  lodged  on  the  bar  below,  pointing  out  its 
shoalness  with  great  distinctness  and  magnifying  the  bad  appearance 
of  the  channel.    As  this  piece  of  river  is  in  full  view  of  La  Crosse  the 
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depressing  eflTeet  on  the  citizens  of  its  ragged  and  unsightly  appearance 
has  naturally  been  very  great. 

In  our  rei>ort  dated  January  15, 1875,  in  which  we  prescribed  the  ac- 
cessorj"  works  that  should  be  built  by  the  bridge  company',  we  recom- 
mended that  the  channel  east  of  Minnesota  Island  should  be  partially 
obstructed  so  as  to  make  the  larger  flow  of  the  river  pa^s  west  of  Minne- 
sota Island  where  the  railroad-draw  is  locateil.  The  railroad  comi)any 
did  even  more  than  we  recommended,  and  closed  the  east  channel  en- 
tirely (except  in  high  water)  by  building  a  dam  across  its  head. 

The  natiu-al  effect  of  this  violent  change  in  regimen  was  to  upset  the 
old  channel,  which  had  developed  under  different  condirions,  and  during 
the  process  of  adaptation  to  the  increased  volume  of  water  there  was  for 
a  time  a  very  ragged  and  variable  channel.  In  the  course  of  a  few  months, 
however,  the  enlarged  volume  of  water  had  succeeded  in  scoimug  out 
sufficient  increase  of  cross-section  and  in  obtaining  a  fixeil  regiinen,  and 
now  there  is  excellent  water  for  a  mile  above  the  bridge  where  before 
the  dam  wa^s  built  thei'e  was  a  very  troublesome  bar. 

But  this  oi>eration  of  developing  a  new  and  decider  channel  necessi- 
tated the  removal  of  a  va.st  quantity  of  sand  which  was  carried  down 
stream  by  the  currents. 

The  Board  believe  that  it  is  this  sand,  thus  pushed  out  of  it«  former 
resting-x)lace,  that  has  been  carried  down  in  abnormal  quantity  and  has 
lodged  below  Minnesota  Island,  thus  causing  the  bars  that  look  so  for- 
midable when  viewed  from  La  Crosse. 

A  careful  examination  induces  us  to  believe  that  these  bars  are  in  a 
state  of  unstable  equilibrium,  and  that  time  only  is  needed  to  enable  the 
river  currents  to  act  on  this  sand  and  distribute  it  gradually  down  stream 
on  shore-bars  and  elsewhere,  where  it  will  probably  be  out  of  the  way. 
Experience  on  river  improvement  shows  that  time  is  an  important  factor, 
and  that  it  is  very  unwise  to  get  alai'med  or  discouraged  if  the  first  s^k- 
son's  work  does  not  immediately  produce  the  desired  result.  We  there- 
fore fe^l  reasonably  confident  that  the  bar  in  question  will  gradually 
improve,  and  that  at  present  there  is  no  danger  in  awaiting  this  result. 
We  are  strengthened  in  this  belief  by  the  fact  that  a  carefiil  examination 
faileil  to  show  any  increase  in  the  channel  between  Grand  Lsland  and  the 
Minnesota  shore.  If  this  channel  has  not  increased  in  cross-section,  not- 
withstanding the  injurious  effect  on  the  main  channel  of  the  va.st  l>ody 
of  sand  suddenly  thrust  into  it  from  above,  we  believe  that  iuunediate 
action  is  not  now  required,  a«  under  the  operation  of  natural  causers  this 
sand  is  gradually  drifting  down  and  distributing  itself,  thereby  day  by 
day  giving  a  freer  flow  through  the  main  channel  than  there  is  now,"  and 
thus  daily  lessening  the  danger  of  the  main  cunent  passing  belund 
Grand  Island.  Notwithstanding  the  crookedness  of  the  channel,  we  found 
no  difficulty  in  getting  over  these  bars,  although  the  Montana  could  not 
cross  the  bar  2  miles  above  the  railix)ad-bridge  and  was  compelled  to 
return  to  La  Crosse. 

Tlie  Upper  Mississippi  is  remarkably  similar  to  the  Upper  Rhine  in 
the  section  between  Biisle  and  Strasbourg.  Both  streams  are  flanked  by 
a  network  of  secondary  channels.  On  the  Rhine  the  first  consideration  was 
to  concentrate  the  whole  flow  in  a  single  channel.  After  this  was  done 
the  channel  wtis  regulated.  We  believe  that  the  same  general  idea  should 
control  all  work  on  the  Upper  Mississippi,  and  that,  if  carried  into  prac- 
tice, the  residt  will  be  as  sati8fact(^)ry  as  it  has  been  on  the  improved 
Rhine  and  as  it  has  proved  when  tried  in  a  small  case  at  the  head  of 
Minnesota  Island. 

With  these  views  we  hold  that  it  is  only  a  matter  of -time  until  all  the 
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secondary  channels  on  the  Upper  Mississippi  will  be  closed  as  part  of  a 
general  plan  of  improvement.  Wherever,  as  at  La  Crosse,  strong  local 
interests  add  to  the  reasons  for  the  closure  of  these  channels,  we  bBlleve 
that  it  should  be  done  as  soon  as  possible. 

We  see  no  immediate  danger  to  La  Crosse  in  leaving  open  the  channels 
on  either  side  of  Bates  Island ;  but  rivers  are  proverbially  variable,  and 
as  long  as  these  channels  remain  open  they  are  a  standing  menace  to  the 
city  and  to  the  general  navigation  of  this  part  of  the  Mississippi.  More- 
over, the  work  of  closing  is  a  much  easier  matter  when  nature  does  not 
actively  oppose  the  work  than  it  is  when  a  strong  current  flows  through 
these  channels. 

With  these  views  we  would  recommend  the  closing  of  both  channels 
wotdd  Bates  Island  as  soon  as  the  ihtel^ests  of  the  government  vrlll 
permit. 

Under  all  oircumstanoes  it  will  be  a  nseful  expenditure.  As  the  state 
of  the  appropriations  precludes  wcH'k  at  present,  we  think  tiiat  it  is  better 
Bot  to  prescribe  the  precise  locations,  method  of  construction,  nor  heights 
ei  these  dams,  as  these  details  are  properly  within  the  proviikc^  of  the 
local  ^engineer,  who  must  naturally  be  more  familial*  with  the  peculiari* 
ties  of  the  river  in  question  than  officers  stationed  at  a  distanoe. 

All  of  which  is  respectfully  submitted^ 

J.  K.  Macomb^ 

Colonel  qf  EngineH^* 

O.   WEtTZfiL, 

Major  of  Engineers^  Bvt  Maj.  Oenl.y  U.  S.  A. 

Wm.  £.  MeAbill, 
Mc^  of  Sfngineers  and  Bvt,  OoL 

Brig.  Gen.  A.  A.  HtJl>rt>Hti«YS, 

Chief  of  Engineers  J  if.  8.  A. 


filSPOBt  OF  BOARD  OP  ^NGU^ERS  ON  toLWAUKEB  AND  SAINT  PAUi. 

EAILBOAD  BBiDGE  AT  LA  CROSSE. 

La  CiiossE,  Wis., 

January  15, 1876, 

Seb  !  Ihe  Board  of  Engineers  convened  byparagraph  1,  Special  Orders 
No.  1,  dated  War  Department,  Acyutant-Oeneml's  Office^  January  4^ 
1875^  would  respectfidly  submit  the  following  report : 

A  copy  of  the  act  of  Congress  approved  22d  June,  1874^  which  contains 
the  conditions  prescribed  for  the  bridge  at  La  Crosse,  and  which  i^)e(Mi« 
fies  the  duties  of  the  Board,  is  herewith  attached  and  marked  Appen- 
dix  A.* 

LOCATION. 

It  will  be  *een  from  this  act  that  the  duties  of  the  Board  in  regard  to 
location  are  limited  to  reporting  whethet*  or  not  a  bridge  can  be  buUt  on 
the  t3onipany's  site  so  as  not  to  interfere  materially  with  navigation  at 
that  point  After  mature  deliberation  the  Board  are  of  the  opinion  tiiat 
a  btMge  can  be  so  built  provided  certain  accessoiy  works  are  lidded, 
which  will  be  indicated  fhrther  on  in  ttie  repoH. 
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HEIGHT   OF  BRIDGE. 

They  are  of  tbe  opinion  that  it  will  not  be  necessary  to  raise  the  bot- 
tom of  the  bridge  higher  than  10  feet  above  the  highest  watermark 
known. 

LOCATION  OF  PIERS. 

They  approve  of  the  location  of  the  piers  indicated  on  the  accompany- 
ing profile  and  map  furnished  by  Mr.  Dodge,  the  engineer  of  the  com- 
pany. 

ACCESSORY  WORKS. 

The  first  accessory  work  which  the  Board  woidd  recommend  is  the 
partial  obstruction  of  the  channel  east  of  Minnesota  Island.  They  would 
rec(Mnmend  that  at  a  i>oint  about  500  feet,  more  or  less,  below  the  head  of 
Jdinnesota  Island  (the  exact  location  to  be  left  to  the  local  engineer  offi- 
cer), the  banks  should  be  paved  and  the  bottom  partially  covered  with 
stone  so  as  to  reduce  the  flow  through  this  channel  and  to  prevent  the 
possible  danger  of  the  main  volume  of  the  Mississippi  leaving  the  west- 
em  channel,  which  will  be  prepared  to  accommodate  na%igation,  for  the 
eastern  channel,  which  will  not  be  so  prepared.  They  also  think  that  it 
would  be  advantageous  to  reduce  the  cross-section  of  the  wat^r-way  at 
the  place  where  the  bridge  crosses  the  eastern  channel  to  what  it  wiU  be 
at  the  i>oint  near  the  head  of  the  channel  where  it  is  to  be  partly  ob- 
struct^. 

The  Board  also  think  that  it  would  be  judicious  to  close" the  three 
openings  leading  into  the  French. Slough,  but  they  do  not  consider  this 
work  as  important,  and  therefore  would  recommend  that  it  be  left  to  the 
discretion  of  the  railroad  company. 

The  western  or  Minnesota  shore  should  be  graded  to  a  gentle  slope  of 
450  or  less,  and  paved  with  stone  with  a  footing  of  riprap  for  a  distance 
of  about  1,000  feet  above  the  bridge  and  the  same  distance  below  it,  80 
as  to  maintain  the  shore-line  and  preserve  a  regular  approach  to  the 
draw  openings.  The  exact  length  of  shore  above  the  bridge  which  re- 
quires i*evetment  must  be  determined  by  the  action  of  the  cuiTent.  The 
protection  should  extend  above  the  highest  point  at  which  any  abrading 
action  is  apparent. 

The  channel  between  Bates  Island  and  the  Minnesota  shore  should 
be  closed  by  a  dam  of  piles,  brush,  and  stone,  or  its  equivalent,  extend- 
ing to  a  height  of  6  feet  above  low  water,  with  shore  revetments  extend- 
ing 200  feet  below  each  end  of  the  dain.  so  as  to  prevent  it  from  being 
turned  by  the  scour  of  the  oveifaU.  The  reason  why  the  Board  think 
that  this  work  should  be  done  by  the  bridge  company  is  that  the  position 
of  the  draw-span  is  such  that  rafts  will  be  compelled  to  pass  through  the 
draw  in  high  water  and  at  such  stages  they  wiU  naturally  float  so  near 
the  head  of  this  channel  that  unless  the  ciuxent  in  it  is  reduced  they  ^ 
be  in  danger  of  being  drawn  through  it.  It  has  been  stated  to  the  Board 
by  lumbeiinen  that  the  navigation  of  this  channel  is  diflicult  for  ra^^ 
and  that  all  rafts  desire  to  stop  at  La  Crosse  for  supplies  or  to  be  made 
up  into  larger  rafts.  As  the  constiTiction  of  the  bridge  will  prevent  rafts 
from  hugging  the  west  shore  of  Minnesota  Island,  by  wliich  course  they 
could  avoid  the  danger  of  beuig  drawn  into  this  objectionable  channel, 
it  seems  not  unreasonable  to  call  upon  the  railroad  company  to  renietly 
this  trouble  which  will  follow  the  erection  of  their  hiidge. 

It  will  likewise  be  necessary-  to  make  a  high -water  levee  from  the  solid 
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embankment  of  the  railroad-track  to  a  point  about  100  feet  below  the 
site  of  the  dam  across  the  Bates  Island  Channel,  so  as  to  cut  off  the 
draught  over 'the  banks  in  time  of  high  water. 

This  levee  would  probably  be  6  feet  in  height  and  3,500  feet  in  length. 
It  could  be  prevented  from  washing  by  being  paved,  sodded,  or  planted 
with  willows. 

These  are  all  the  accessory  works  that  seem  to  be  required  in  order  to 
make  navigation  secure  at  the  proposed  site;  but  the  Board,  bearing  in 
mind  the  uncertainty  of  all  river- work,  would  recommend  that  this  sub- 
ject be  put  under  the  charge  of  the  local  engineer  officer  to  recommend 
such-additions  or  changes  as  from  time  to  time  may  seem  to  be  necessary. 

There  are  certain  other  conditions  that  should  likewise  be  prescribed, 

BIPBAP. 

No  riprap  around  any  of  the  piers  in  the  main  or  Minnesota  Channel 
should  rise  higher  than  3  feet  below  low  water  mark  or  have  a  greater 
^dth  on  top  &an  3  feet. 

PIVOT-GUABD. 

The  pivot-pier  should  be  provided  with  the  usual  extension  up  and 
down  stream  for  the  protection  of  the  draw  when  open. 

SNUBBING-POSTS. 

To  enable  boats  to  tie  up  to  the  bank  in  case  of  accidents  to  boat  or  to 
draw,  8  stout  snubbing-posts  should  be  provided  along  the  shore  above 
the  bridge,  commencing  150  feet  above  and  extending  to  a  distance  of 
500  feet  above,  the  posts  being  50  feet  apart. 

LIGHTS. 

The  lights  on  the  draw  should  be  the  same  as  those  prescribed  for  the 
liouisiana  bridge,  which  were  as  follows : 

One  circular  red  light,  showing  all  around  the  horizon,  should  be  placed 
over  the  east  draw-pier  at  an  ^leTation jof  15  feet  above  the  top  of  the 
bridge. 

A  similar  light  should  be  placed  over  the  west  draw-pier.    • 

Three  lights  should  be  placed  on  the  draw-span  at  an  elevation  of  15 
feet  above  the  top  of  the  (fraw.  They  should  be  inclosed  in  square  boxes 
with  two  red  panes  of  gla^s  and  two  green  ones — the  green  glasses  to 
show  in  the  direction  of  the  length  of  the  draw  and  the  red  glasses  to  be 
at  right  angles  to  the  green ;  the  boxes  should  be  firmly  fastened  in  posi- 
tion, the  lamps  only  being  movable. 

When  the  draw  is  closed  five  red  lights  will  be  seen  from  above  or 
from  below  the  bridge;  two  pairs  of  lights  with  a  single  light  between. 
When  the  draw  is  open  three  green  lights  will  be  seen  in  range  between 
the  two  fixed  red  lights  on  the  draw-pier. 

Ko  other  lights  should  be  allowed  on  the  bridge  except  such  as  may 
be  required  for  the  use  of  the  trains. 

In  conclusion,  the  Board  would  state  that  this  report  has  been  made  in 
strict  acox)rdance  with  the  instructions  contained  in  the  act  of  Congress 
under  which  the  Board  was  convened,  but  they  feel  it  due  to  themselves 
to  add  that  they  see  no  reasons  for  changing  the  opinions  expressed  by 
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them  in  tbeir  two  previons  r^K)rt8  which  were  printed  as  £x.  Doc  No. 

7JL  Hoiu»e  of  KepretfentAtiveg,  Foity-8econd  Congress,  third  nesekm, 
•  ••••#  # 

Bespectfully  sabmitte<L 

J.  y.  Macomb, 
Colonel  of  Engineers^  President  of  Bomr4. 

G.  Wettzei-, 
Major  of  Engineers  and  BvL  M€^.  ChnLy  U.  &  A, 

Wm.  £.  MsrrHxL^ 
M(^or  of  Engineers  and  Brevet  C&lamd, 

To  the  Honorable  the  Secretary  of  War. 


P  8. 

IMPROVEMENT  OF  GALENA  RIVER  AND  HARBOR  AT  GALENA,  ILXJNOI8« 

No  work  'was  done,  no  funds  being  available.  During  the  present 
season  dredging  will  be  commenced.  The  work  will  be  done  by  contract 
after  due  advertising. 

The  estimated  cost  of  this  work  (see  page  29(^  part  1,  Annnjil  Beport 
of  Chief  of  Engineers,  1874)  was  $400,00a 

The  amount  appropriated  ($30,000)  by  act  approved  June  18, 1878, 
will  dredge  about  60^000  cubic  jsadA  of  the  594,873  cubic  yards  esti- 
mated.       ^ 

Should  this  work  go  on,  at  least  $100,008  should  be  appsropriated  for 
each  fiscal  year,  so  t£at  it  could  be  pushed  to  completi<». 

Galena  is  in  the  cuttoms-district  of  New  Orleans. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $30, 000  00 

Joly  1,  1870,  amount  available... «, 90,000  00 

Amount  (eHtimated)  required  for  completion  of  existing  project 370, 000  09 

Amount  that  can  be  profitably  expenaed  in  fiscal  year  ending  June  90, 1880.  100, 000  00 


WIDENING  AND  DEEPENING  THE  CHANNEL  OF  MlSSISSrPPI  RIVER  FROM 
D£S  MOINES  RAPIDS  TO  THE  MOUTH  OF  THE  ILLINOia 

Ko  work  was  done  during  the  last  fiscal  year. 

No  surveys  have  ever  been  made  on  this  part  of  the  river.  As  soon  tf 
surveys  can  be  made  of  the  places  wh^^e  obstriK^tions  to  navigatioii  exist, 
plans  and  estimates  will  be  submitted  and  work  oommenced. 

It  is  proposed  to  make  a  tfaiMrougfa  survey  of  the  river  between  Defi 
Moines  Eapids  and  the  mouth  of  the  Illinois  Biver. 

Owing  to  the  present  impossibility  of  definitely  specifying  the  above 
work,  it  will  be  carried  on  by  hired  labor  and  the  materials  be  porchased 
in  opai  market 

Meney  statement. 

Amonnt  appropriated  by  act  approred  June  18,  1878 • «.  $100, 609  M 

July  1,  187W,  amount  available 100, DOOM 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     100, 000  00 
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P   XO. 

WIDENING  ANT)  DEEPENING  THE  CHANNEL  OF  MISSISSIPPI  RIVER  FROM 

SAINT  PAUL  TO  DES  MOINES  RAPIDS. 

No  work  was  done  during  the  last  fiscal  year. 

During  the  fiscal  year  ending  June  30,  1879,  it  is  proposed,  1st,  to 
improve  the  channel  at  the  places  where  the  greatest  obstructions  to 
navigation  exist ;  and,  2d,  to  make  a  survey  of  the  river  fi-om  which  a 
complete  plan  for  its  improvement  can  be  made. 

As  fast  as  the  surveys  ai-e  made,  plans  and  estimates  will  be  made  and 
submitted. 

A  preliminary  estimate  for  the  improvement  of  this  part  of  the  river 
vras  made  by  my  predecessor.  Col.  J.  N.  Macomb  ^see  page  177,  Part  II, 
Annual  Rq>ort  of  the  Chief  of  Engineers  for  187o),  which  amounted  to 
$617,393. 

Owing  to  the  present  impossibility  of  definitely  specifying  the  above 
work,  it  will  be  carried  on  by  hired  labor  and  the  materials  be  purchased 
in  open  market. 

Money  statement. 

Amonnt  appropriated  bv  act  approved  Jane  18,  1878 ^.  $250, 000  00 

July  1,  1878,  amount  available 250,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 367,393  00 

Amount  that  can  be  profitably  expended  hi  fiscal  year  ending  June  30, 1880.    250, 000  00 


PlI. 

IMPROVEMEXT  OF  FALLS  OF  SAINT  ANTHONY,  MISSISSIPPI  RIVER. 

The  small  exploring  drift  (reported  in  my  last  annual  report)  was  car- 
ried on  to  a  point  470  feet  west  of  the  west  branch  of  the  tunnel,  and 
the  leakages  of  the  concrete  dike  were  taken  into  a  drain.  At  all  points 
where  the  drift  reached  the  dike  the  concrete  was  found  well  set,  the 
leakages  being  at  the  bottom  of  the  upper  drift,  where  in  places  the  con- 
crete filling  of  the  drift  had  not  adhered  to  the  main  wall  below.  The 
leakage  of  the  wall  is  gradually  diminishing,  and  in  time  no  doubt  will 
cease  altogether. 

The  wei^t  slope  of  the  apron  was  removed,  the  rock  excavated,  and  a 
new  apron  built  in  the  plane  of  the  center  or  main  slope.  This  involved, 
besides  the  removal  of  the  timber  of  the  old  slope,  the  removal  of  2,700 
cubic  yards  of  lime  rock  in  place,  3,000  cubic  yards  of  fallen  lime  rock, 
and  2,000  cubic  yards  of  sand  rock.  The  lime  rock  was  placed  to  pro- 
tect the  toe  of  the  apron.    This  remodeling  of  the  apron  cost  $27,030.38. 

During  the  past  winter  450  cords  of  granite  bowlders  were  placed  in 
the  deep  hole  at  the  toe  of  the  apron  on  the  east  side. 

During  March  and  part  of  April,  1878,  the  work  of  extending  the 
apron  85  feet  along  Hennei)in  Island  was  accomplished  at  a  cost  of 
$4,220.a3.  P'or  this  work  220,0(K)  feet  (board-measure)  of  lumber  were 
taken  from  the  coffer-dams.  AH  the  work  was  done  by  hired  labor  and 
the  niaterials  bought  in  open  market,  except  the  lumber  for  the  apron 
and  the  granite  bowlders,  which  were  bought  under  contract  reported  in 
my  la«t  annual  report.  The  only  work  that  remains  to  be  done  is  a  wall 
to  protect  the  sand  rock  at  the  west  side  of  the  apron,  for  which  the 
stone  is  already  quarried,  and  making  some  slight  changes  in  Faruhaxa. 
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and  Lovejoy's  dam  so  as  to  exclude  some  water  flrom  the  eastern  valley 
of  the  apron.  There  is  plenty  of  money  available  for  these  works,  which 
will  be  prosecuted  as  soon  a«  low  water  permits.  The  work  has  been 
under  the  local  charge  of  Mr.  J.  L.  Gillespie,  assistant  engineer,  who 
by  his  intelligence  and  energy  has  contributed  not  a  httle  to  the  success 
of  the  works  designed  for  the  "  Preservation  of  the  Falls  of  Saint  An- 
thony.'' The  faithfulness  and  efficiency  of  Mr.  A.  H.  Weeks,  overseer, 
and  John  Gullen,  sub-overseer,  are  also  worthy  of  much  commendation* 

Original  estimate  of  Board  of  Engineers  of  1874  (see  page  385,  Part  I, 

jr Annual  Report  of  Chief  of  Engineers  for  1874)  was $419,792  00 

Owing  to  unforeseen  contingencies,  this  estimate  was  increased  (see  page 

700,  Part  I,  Annual  Report  of  Chief  of  Engineers  for  1876)  to 529, 726  31 

There  has  been  appropriated 345,000  00 

There  has  been'expended  as  follows : 

Construction  of  dike  and  drains 211,089  46 

Construction  of  roUing-dams 24,957  29 

Repairs  of  apron 63,496  72 

Repairs  of  coffer-damsj^and  work  necessary  to  repair  damages  made  by 

nver 26,229  22 

Filling  of  excavations^through  and  under  limestone  above  dike 7,81192 

'.^  

Total  expenditure 333,586  61 

ABSTRACT  OF  APPB0PRIATI0X8  MADE  FOR  THE  PRESERVATION  OF  THE  FALLS  OF  SADfl 

.      .  ANTHONY. 

By  act  approved  July  11, 1870 ,...* •$50,000  00 

By  act  approved  March  3,  1871 *50, 000  00 

By  act  approved  June  10,1872 *50,000  DO 

By  act  approved  March  3, 1873 'SO,  000  CO 

By  act  approved  June  23, 1874 125, 000  00 

By  act  approved  March  3,  1875 , 100,000  00 

By  act  approved  August  14,1876 120,000  00 

545,000  00 

Original  estimat^j  for  carrying  out  present  project. 529,726  31 

Remaining  to  be  ai)i)ropriated 184,726  31 

Money  statement. 

July  1,  1877,  amount  available .• $58,496  40 

July  1,  1878,  amount  expended  during  fiscal  year $46,795  01 

July  1,  1878,  outstanding  liabilitiei* 290  00 

47, 085  01 

July  1,  1878,  amount  available 11,413  39 

Amoimt  (estimated)  requii-ed  for  completion  of  existing  project 184, 7*26  31 


P  12, 

IMPROVEMENT    OF   MISSISSIPPI    RIVER    ABOVE   THE    FALLS    OF    SALVT 

ANTHONY,  MINNESOTA. 

During  the  season  of  1877, 1,175  cubic  yards  of  Iwwlders  were  removed 
from  the  bed  of  the  river,  from  tlie  head  of  Suiilar's  Rapids  to  Itaska, 
a  distance  of  27  miles,  at  a  cost  of  $5.12  i)er  cubic  yard.     In  the  same 

distance  2,771  linear  feet  of  brush  and  stone  dams  and  1,190  linear  feet 

—  I ^ 

*  Note. — The^je  sums  were  used  before  the  adojition  of  the  present  plan. 
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of  brush  and  stone  shore  protection  were  constructed  at  a  cost  of  $1.12 
per  linear  foot,  or  68  cents  per  cubic  yard. 

The  work  of  removing  bowlders  was  done  with  a  steam-crane  scow, 
working  a  grapple  and  a  rake,  and  provided  with  a  steam-drill  and  a 
hired  crew. 

The  work  of  building  dams  was  done  by  hired  labor.  The  overseer 
was  Mr.  William  Batson,  to  whom  great  credit  is  due  for  the  faithful 
and  energetic  manner  in  which  he  carried  on  the  work. 

May  11, 1878,  the  crane-scow  resumed  work  at  Itaska,  and  has  com- 
pleted the  work  as  far  down  as  Ooon  Bapids,  where  it  is  now  operating. 

During  the  present  season  it  is  proposed  to  continue  the  work  of  re- 
moving bowlders,  &c.,  with  the  crane-scow,  and  to  repair  several  of  the 
brush  dams  where  they  have  been  damaged  by  the  log-drivers.  This 
work  is  being  done  by  hired  labor,  as  it  cannot  be  sufficiently  specified 
for  contractors. 

ABSTRACT  OF  APPROPRIATIONS  HERETOFORE  MADE. 

Bv  act  approvedJune  23,  1874* |25,000  00 

By  act  approved  August  14,  1876 20,000  00 

Total 45,000  OQ 

OrijB^inal  estimate  for  the  work  between  the  Falls  of  Saint  Anthony  and 

Saint  Cloud,  Minn 144,667  50 

Remaining  to  be  appropriated 124,667  50 

Money  statement 

July  1,  1877,  amount  available $16,710  03 

July  1, 1878,  amount  expended  during  fiscal  year ..•  $8,387  92 

July  1,  1878,  outstanding  liabilities 1,494  67 

9,882  59 

July  1,  1878,  amount  available 6,827  43 

=  ■ 

Amount  (estimated)  require4  for  completion  of  existing  project 124, 667  50 

Amount  that  can  be  x)rofitably  expended  in  fiscal  year  ending  June  30,  1880.      30, 000  00 


P13. 

CONSTRUCTION  OF  LOCK  AND  DAM  ON  MISSISSIPPI  RIVER  AT  MEEKER'S 

ISLAND,  MINNESOTA. 

No  work  has  been  done  here  as  no  funds  were  available,  because  the 
parties  holding  the  land-grant  have  not  made  any  acceptable  release  as 
require<l  by  the  act  approved  March  3,  1875.  The  State  of  Minnesota 
should  annul  the  grant  to  the  parties  now  holding  the  land-grant,  and 
release  the  same  to  the  United  Stat^is.  Should  it  be  determined  to  carry 
on  this  work,  a  sum  not  less  than  $300,000  should  be  appropriated  for 
the  fiscal  year  ending  June  30,  1880. 

Money  statonent. 

July  1,  1877,  amount  available $25,000  00 

July  1,  1878,  amount  available 25,000  00 

Amount  (eistimated)  required  for  completion  of  existing  project 922, 121  46 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  300, 000  00 

*  Made  and  expended  before  the  adoption  of  the  present  project. 
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IMPROVEMENT  OF  MINNESOTA  RIVER. 

Under  the  contract  with  Messrs.  Douglass  &  Winston  Brothers  (re- 
ported in  my  last  annual  report),  work  was  commenced  in  July,  1877,  at 
a  point  about  2J  miles  below  Saint  Peter.  WTien  the  work  closed  in 
October.  29^  mUes  of  river  had  been  cleared  of  snagrs  and  bowlders,  and 
the banKS  of  overhanging  trees;  1,712  snags  and  G  cubic  yards  of  rock 
were  removed  from  the  channel  of  the  river,  and  90J:  overhanging  trees 
were  cut  down. 

There  is  no  commerce  on  the  river  above  Little  Rapids  at  stages  of 
low  water,  nor  will  there  be  imtil  the  creation  of  slack- water  navigation. 
If  this  slack-water  na^^gation  is  to  be  created,  at  least  $60,000  should  be 
appropriated  to  commence  the  lower  lock  at  Little  Rapids.  The  removal 
of  snags,  &c.,  is  only  a  temporary  rehef,  and  is  of  no  use  until  boats  can 
pass  Little  Rapids  at  low  stages  of  water. 

ABSTRACT  OF    APPROPRIATIONS    MADE    FOR    THE    IMPROVEMENT    OP    THE     MINNESOTA 

RIVER. 

Ey  set  approved  March  2,  1867 -  f!37,o00  00 

By  act  approved  July  11,  187U 10,000  00 

By  act  approved  March  3, 1871 10,000  00 

By  act  approved  June  10,  1872 10,000  00 

By  act  approved  March  3,  1873 10,000  00 

By  act  approved  June  23,  1874 , *10,000  00 

By  act  approved  Maroh  3,  1875 10,000  00 

By  act  approved  August  14,  1876 10,000  00 

By  act  approved  June  18,  1878 10,000  00 

117,500  00 

Money  statement 

July  1,  1877,  amount  available $9,963  36 

Anwnnt  appropriated  by  act  approved  June  18,  1878 10, 000  00 

119,963  36 

July  1,  1878,  amount  expended  during  fiscal  year 9, 727  95 

July  1,  1878,  outstanding  liabiUtiea * 222  00 

9,949  95 

July  1,  1878,  amount  available 10,013  41 

Amount  (estimated)  required  for  completion  of  existing  pro]ect  (see  page 

364,  Piirt  I,  Annual  Report  of  Chief  of  Engineei-w  for  1875^ 733,868  63 

Amount  that  can  be  profitably  expended,  commencing  locK  and  dam  at 

Little  Rapids,  in  fiscal  year  ending  June  30,  1880 60, 000  00 


P15. 

IMPROVEMENT  OF  CHIPPEWA  RIVER,  WISCONSIN. 

TJnder  the  contract  made  with  Messrs.  Winston,  Douglass  &  Winston 
(reported  in  my  last  annual  report),  the  west  jetty  was  completed,  its 
length  being  4,013  feet,  and  the  east  jetty  finished  for  a  distance  of  4lOo 
feet.  The  sand  is  slowly  moving  from  the  channel,  and  where  last  sum- 
mer  there  were  only  a  few  inches  in  depth  of  water  there  are  now  more 

>L -— » 

*  Used  in  makiug  survey  of  river. 
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than  3  feet  of  water,  and  after  the  completion  of  the  ea«t  jetty  there  will 
be  a  depth  of  water  in  the  channel-way  of  at  least  4  feet  at  low  water. 
With  the  money  available  ftx)m  the  river  and  harbor  bill  approved  June 
18, 1878,  it  is  proposed  to  finish  the  east  pier  and  to  build  the  training- 
dam  at  Flower  Pot  Island,  which  is  just  above  the  mouth  of  the  river. 

ABSTRACT  OF  APPROPRIATIONS  FOR  IMPROVING  CHIPPEWA  RIVER. 

Bv  act  approve4  Angnst  14,  1876 |10,000  00 

By  act  approvedJune  18,  1878 10,  (KK)  00 

20,000  00 

Original  estimate  for  carrying  out  existing  project 139, 892  50 

Remaining  to  be  ax^propriated 119,892  50 

Of  this  amount,  $64,102.50  are  estimated  as  the  cost  of  protecting  the 
five  high  sandbanks  below  Eau  Claire.  If  the  work  of  improving  this 
river  is  to  continue  I  would  recommend  that  Congress  be  asked  to  ap- 
propriate the  above  amount  for  protecting  the  high  banks,  and  an  addi- 
tional sum  of  $20,000  to  continue  the  work  of  building  wing-dams  and 
jetties. 

Money  statement. 

Jnly  1,  1877,  amonnt  available $9,971  82 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$19,971  82 

Jnly  1, 1878,  amount  expended  during  fiscal  year 9, 881  18 

July  1,  1878,  outstanding  liabilities 50  00 

-, 9,931  18 

July  1,  1878,  amount  available..,,..,, , 10,040  64 

Amount  (estimated)  required  for  completion  of  existing  project 119, 892  50 

Amomit  that  can  be  protitably  ex]^nded  in  fiscal  year  ending  June  30, 1880 : 

For  protecting  high  sand-lianks 64,102  50 

For  constructing  w iug-daius  and  jetties 20, 000  00 

84, 102  50 


Pi6. 

IMPROVEMENT  OF  RED  RIVER  OF  THE  NORTH. 

Work  was  commenced  at  Moorhead  about  July  1, 1877.  All  snags, 
drift-piles,  and  overhanging  tree^  were  removed  from  Moorliead  to  a 

Joint  1  mile  north  of  Frog  Point  (section  15,  township  148,  range  49  west, 
linnesota,  United  States  land  survey),  a  distance  of  120  miles  by  river, 
or  57  miles  by  laud. 

There  were  removed  217  snags,  3,996  overhanging  trees,  8  drift-piles, 
and  1  sunken  barge  that  was  in  the  channel  near  GeorgetoTvu.  The 
work  was  done  by  hired  labor,  and  the  overseer,  Mr.  Charles  Wanzer,  is 
entitled  to  commendation  for  his  energy  and  intelligence  in  carrying  on 
the  work.  An  examination  of  the  river  wa,s  made  fi-om  Frog  Point  to 
the  northern  boimdary  line,  the  results  of  which  were  reported  in  letter 
dated  December  8,  1877. 

With  the  funds  appropriated  by  river  and  harbor  bill  approved  June 
18,  1878,  it  is  proposed  to  build  a  dredge  and  to  operate  it  with  hired 
labor,  as  the  amount  available  ($30,000)  is  too  small  to  induce  contract- 
ors to  build  a  dredge  in  so  isolated  a  region.  The  dredge  will  be  built 
at  Moorhead,  and  the  work  commenced  upstream  and  continued  down- 
stream. 


730  REPORT   OF   THE   CHIEF  OF   ENGINEERS. 

Should  it  be  determined  to  build  a  lock  and  dam  at  Goose  Eapidi^ 
$100,000  should  be  appropriated  to  commence  the  work,  and  $12,000 
should  be  appropriated  te  continue  the  dredging.    The  steamboat  line 
on  Red  River  of  the  Noith  carried,  during  8eajK>n  of  1877, 13,747  tons  of 
freight. 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVING  RED  RIVER  OF  THE  NORTH. 

By  act  approved  Angiwt  14,  1876 $10,000  00 

By  act  approved  June  18,  1878 30, 000  00 

40,000  00 

Money  statement 

July  1,  1877,  amount  available $8,  545  37 

Amount  appropriated  by  act  approved  June  18,  1878 30,  000  00 

$38,545  37 

July  1, 1878,  amount  expended  during  fiscal  year 6,  960  66 

July  1, 1878,  outstanding  Uabilities 20  00 

6,98068 

July  1, 1878,  amount  available 31, 564  71 

Amount  (estimated)  required  for  completion  of  existing  project 324, 598  17 

Amount  that  can  be  profitably  expended  in  fiscal  year  end- 
ing June  30,  1880 : 

For  lock  and  dam  at  Goose  Rapids $100,000  00 

For  dredging 12,  000  (X) 

112,000  00 


special  report  on  examination  op  red  river  op  the  north. 

United  States  Engineer  Oppioe, 
Saint  Paulj  December  8, 1877. 

General  :  I  hare  the  honor  to  make  the  following  report  of  the  re- 
sults of  the  examination  of  localities  on  the  Red  River  of  the  North, 
between  Frog  Point,  Dakota,  and  the  northern  boundary-line  of  the 
United  States,  a  distance  of  181^  miles,  where  obstructions  to  navig^ 
tion  are  said  to  exist. 

Below  Frog  Point  the  river  has  an  average  slope  of  .24  foot  per  mile. 

The  course  of  the  river  is  most  tortuous,  this  distance  by  land  finom 
Frog  Point  to  the  boundary-line  being  112^  miles,  and  the  "distance  by 
river  is  69  miles  farther.  The  amount  of  timber  on  the  banks  of  the 
river  gradually  decreases  toward  the  north  until  there  is  none  except  on 
some  points  of  land  included  in  the  folds  of  the  river. 

At  Frog  Point  the  river  is  about  250  feet  wide,  and  at  Pembina  about 
300  feet  wide.  The  low- water  discharge  of  the  river  at  Frog  Point  is 
about  1,250  cubic  feet  per  second,  and  at  Pembina  about  2,800. 

Only  two  serious  obstructions  to  navigation  exist  in  the  part  of  the 
river  examined ;  1st.  Turtle  River  Bars,  whose  heads  are  about  50  miles 
below  Frog  Point  and  which  extend  down  stream  with  intervals  of  deep 
water  for  a  distance  of  Q,S  miles ;  and,  2d.  Pelican  Bars,  which  are  116| 
miles  below  Frog  Point. 

These  bars  are  both  formed  of  clay  which  has  slid  down  from  the 
banks. 

This  sliding  down  of  the  steep  clay  banks  is  not  caused  by  the  river 
undermining  them,  but  by  the  clay  opening  in  cnwjks  under  the  influence 
of  frost  and  drought,  and  afterwards  these  cracks  catching  the  water  dur- 
ing heavy  rains  or  high  water,  which  saturates  and  softens  the  clay  which 
then  slides  into  the  river.  In  some  places  this  sliding  motion  extWds  to 
more  than  100  feet  away  from  the  river  bank.    The  current  of  the  river 
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is  too  sluggish  to  cut  a  deep  channel  through  these  clay  lumps.  The 
only  way  to  remove  these  bars  is  by  dredging.  A  channel  75  feet  wide 
and  5  feet  deep  would  be  amx^le,  and  I  think  the  sides  of  the  cut  would 
not  wa^h  in. 

Besides  these  principal  bars  there  are  here  and  there  a  few  mud  lumps 
which  can  be  easily  removed,  but  whose  exact  location  could  not  be  de- 
termined except  by  a  continuous  survey  of  the  river.  Eight  snags  were 
observed  in  the  river. 

The  following  is  the  estimate  for  improving  the  river  below  Frog 
Point: 

At  Turtle  River  Bars,  68,000  cubic  yards  dredgiug,  at  50  cents  per  cubic 

yard $34,000  00 

AtPelican  Bars,  87,000  cubic  yards  dredging,  at  50  cents  per  cubic  yard..  43,500  00 

Hemoviug  8  snags,  at  $10  each • BO  00 

Ten  jier  cent  for  contingencies 7,758  00 

Total 85,338  00 

DetaOed  surveys  of  the  sites  of  the  lock  and  dam  proposed  in  my  re- 
-poTt  of  March  4, 1874:,  were  made,  together  with  the  necessary  borings 
to  determine  the  character  of  the  underlying  clay. 

The  estimates  of  the  cost  of  the  lock  and  dam  given  in  my  above- 
mentioned  report  have  been  carefully  revised,  and  the  following  is  the 
result: 

FOR  A  LOCK  WITH   CHAMBER    174    FEET  LONG,   50  FEET  WIDE,   AND   A  LIFT  OF  6  FEET 
TIMBER  FOUNDATIONS,  AND   BRICK  CONCRETE   WALLS  FACED  WITH  TIMBER. 

46,511  cubic  yards  excavation,  at  40  cents  per  cubic  yard $18, 604  40 

1,321,838  feet,  board  measure,  timber,  at  |25  per  M 33,045  95 

10,271  cubic  yards  concrete,  at  $10  per  cubic  yard 102,710  00 

137,690  pounds  irtm  bolt^s,  at  4  cento  per  pound 5,507  60 

450  linear  feet  sheet-piling,  at  $1  per  linear  foot • 450  00 

Gates  and  iixtures 15,000  00 

175,317  95 

J'FOR  a  TIMBER  DAM,  WITH  265  FEET  LENGTH  OF  CREST  AND  CRIB  SHORE-PROTECTIONS. 

682,920  feet,  board  measure,  pine  timber,  at  $25  per  M  (including  sheet- 

piUng) $17,073  00 

10,865  oak  pins,  8  inches  long,  at  $12  per  thousand 130  38 

7,420  oak  pins,  16  inches  long,  at  $24  per  thousand 178  08 

5^^,468  pounds  iron  bolt^,  at  4  cents  per  pound 2, 138  72 

13, 819  pounds  boiler-plate  (i)rotection  for  crest  of  dam),  at  5  cents  per 

pound 690  95 

3,291  i>ound8  spikes,  at  4  cents  per  pound 131  64 

161  oak  piles  (driven),  at  $5  each 805  00 

5,774  cubic  yards  excavation,  at  50  cents  jMjr  cubic  yard, 2, 887  00 

24, 034  77 

The  above  prices  include  cost  of  coffer-dams,  bailing,  &c. 

Cost  of  h»ck  and  dam  as  above 199, 352  72 

10  i)er  cent,  for  contingencies .-•       19,935  27 

2X9,287  99 

The  above  estimate  may  at  first  seem  large,  but  when  it  is  considered 
that  all  the  materials,  except  the  brick,  have  to  be  brought  more  than 
300  miles,  and  that  all  the  labor  must  also  be  brought  iiom  an  equal 
distance,  the  prices  are  none  too  much. 

The  cost  of  the  examination  of  the  river,  and  the  detailed  surveys  of 
the  sites  of  lock  and  dam,  was  $1,900.19. 

Collating  the  estimates  on  my  reports  of  March  4,  1874,  February  8, 
1875,  and  on  this  rejjort,  the  following  is  the  estimate  for  the  improve- 
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ment  of  the  river  finom  Breekenridge  to  the  crossing  of  the  northern 
boundsuy: 

For  Improving  the  river  from  Brecltenridge  to  Moorhead  for  raft  and  flat- 

l>oat  navigation - f22, 063  98 

For  improving  the  river  from  Moorhea<l  to  the  head  of  Gooee  Rapids.  ....  4, 428  W 

For  locK  and  dam  Wlow  Goo«e  Rapitii^ --  219,*i?7  9& 

For  improving  the  river  from  (Uutt^f  Rapids  to  Frog  Point  ...............  32,  >•<►  20 

For  improving  the  river  from  I^og  Point  to  boundary-  line 85, 338  00 

Tptal 3M.598  17 

Appropriated  by  act  approve<l  Angiist  14,  18T6 10, 000  00 

Remaining  to  be  appropriated 354,596  17 

By  January  1,  1878,  the  work  of  removing  snags  and  overhanging 
trees  from  Moorhead  to  Frog  Point  will  have  been  completed. 

Should  it  be  determined  to  build  the  lock  and  dam  near  Gooee  Eapids 
at  least  $175,000  shoidd  be  appropriated  in  a  single  sum,  so  that  the 
building  of  the  entire  lock  could  be  contracted  for. 

The  benefits  of  the  above  improvements  have  been  fully  set  forth  in 
my  former  reports.  Since  1874  there  has  been  a  tide  of  immigration 
setting  toward  the  Red  River  Valley,  and  as  a  result,  more  than  700,000 
bushels  of  wheat  have  been,  or  wiU  be,  shipped  from  Fargo,  Moorhead, 
and  that  vicinity,  from  the  wheat  crop  of  1877.  The  improvement  of  th« 
river  will  allow  the  marketing  of  the  crops  at  a  rate  that  will  leave  the 
farmer  some  profit  for  his  labor. 

The  work  of  examination  was  intrusted  to  !Mr.  C.  J.  A.  Morris,  assist- 
ant engineer,  who  deserves  commendation  for  his  energy  and  economy. 

No  tracings  are  forwarded  with  this  report,  as  those  forwarded  ^ith 
my  report  of  March  4, 1874,  showed  the  location  of  the  proposed  lock 
and  dam,  and  tliere  is  nothing  of  interest  to  be  seen  on  the  maps  of  the 
bars  below  Prog  Point.  The  maps  are  all  finished^  and  tracings  will  be 
furnished  should  it  be  desired. 

Hoping  that  this  report  may  meet  with  your  approval, 
1  am,  very  respectfully,  your  obedient, 

F.  U.  Farquhar, 
Major  of  Etigineer^, 

Brig.  Gen.  A.  A.  Hiimphreys, 

Chief  of  Engineer 8y  U.  8.  A» 


Pl7. 

IMPROVEMENT  OF  SAINT  CROIX  RIVER.  WISCONSIN. 

Ko  work  wa.s  done  during  the  fiscal  year,  no  funds  being  available. 

With  amount  appropriated  by  act  approved  June  18,  1878,  it  is  pitv 
I)Osed  to  build  the  brush  and  stone  dams  and  to  remove  submerged 
boom-piers,  estimated  for  in  reixirt  of  examination  made  in  1874  (see 
page  372,  Part  I,  Annual  Report  of  the  Chief  of  Engineers,  1875),  as  fitf 
as  the  fiinds  will  permit  of. 

The  estimate  for  the  improvement  was  $21,758. 

Money  statement 

Amonnt  appropriated  by  act  approved  June  18,  1878 $10, 000  dO 

Jnly  1,  187H,  amount  available 10,0(K)  00 

Amount  (ewtimated)  re(|uired  for  completion  of  exist-'n:?  project 11,75^  ^f^ 

Amount  that  can  be  profitably  expended  in  tiHcal  yeai  e:i(lmg  June  30, 18<^.  11, 758  tV 
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ANmiAL  EEPOBT  OP  CAPTAIN  AMOS  STICKNEY,  CORPS 
OF  ENGINEEKS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30,  1878. 

United  States  Engineer  Office, 

Keokuk  J  lowa^  July  13,  1878. 

General  :  I  have  the  honor  to  transmit  herewith  my  annual  rei)Ort 
of  operations  for  improvement  of  the  Des  Moines  Rapids,  Mississippi 
Kiver,  for  the  fiscal  year  ending  Jtine  30, 1878. 
Very  respectftdly,  your  obedient  servant, 

AACm  STtCKNfiY, 

Captain  of  Enffineers. 
Brig.  G«n.  A.  A.  HtrMPftRETS, 

Chief  of  Buffineen^  U.  8.  A. 


rfi*«^Mi 


IMPROVEMENT  OF  DES  MOIN&S  RAPIDS,  mSSIdSIPPI  RIVER. 

This  work  was  in  charge  of  Col.  J.  N.  Maoomb^  Corps  of  Engineers^  TT. 
S.  A^  firom  the  beginniAg  of  the  year  till  Novemb^  16,  1877,  during 
which  time  I  had  special  supervision  of  it  as  his  assistaRt 

On  November  16, 1877, 1  reeved  him  of  tiie  charge,  in  obedience  to 
Special  Orders  No.  224^  paragraph  3,  (teted  Beadquarlers  of  t^e  Army, 
Adjutant-General's  Office,  Washington,  D.  C,  October  31)  1877^  and  have 
liad  chargtB  since  that  date. 

The  work  dmring  the  fiscal  year  has  been  confined  principtdly  to  plaicing 
the  canal  in  condition  fcNr  navigation^  which  occupied  from  ivly  1  tm 
Augttst  22,  the  day  of  (^)ening,  and  since  the  latt^  da4«  to  operating 
and  maintaining  the  canal  and  making  repairs  rendered  necessary  by  tb% 
lifting  of  the  lock  miter-golls^  This  limitii:^  of  the  work  was  rendered 
necessary  by  the  fact  that  no  special  provision  was  made  by  Congiess 
for  paying  the  expenses  of  operating  the  canal  during  the  fiscal  jentt 
until  Api^  30, 1878,  when  an  apxm>priation  of  $7,500  was  made,  suffi- 
cient  to  pay  the  expense  of  t^e  remaining  two  months  of  the  year. 

During  the  summer  of  1877  the  Mksissippi  River  fell  to  a  very  low 
stage.  On  the  1st  of  August  the  Keokuk  Nortiiem  Line  Packet  Com* 
pany  found  it  necessary  to  withdraw  their  large  ste^iiers  from  the  rap* 
ids,  and  a  short  time  ai*ter,  the  water  continuing  to  fall,  all  navigation 
on  the  rapids  ceased. 

The  demMids  for  the  canal  were  loud  and  urgent,  and  we  put  forth 
every  effort  to  get  it  ready  for  navigation  at  the  earliest  possible  moment. 

A  great  part  of  the  worst  obstructioi^  in  the  channel  between  th«^ 
head  of  the  canal  and  Montrose,  4  miles  above,  had  been  removed,  and 
although  much  work  yet  remains  to  be  done  there,  a  practicable  dMnnel 
was  open  for  boats  not  too  heavily  ladened. 

Or  the  9th  of  August  the  canal  had  been  put  into  shi^  to  permit  the 
cutting  of  the  guard-bank  at  the  head,  thus  allowing  the  water  to  come 
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against  the  giiard-lock  gates,  and  on  the  evening  of  the  lOth  the  filling- 
culverts  at  the  head  of  the  canal  were  opened  to  fill  the  upper  level  l^- 
tween  the  guanl-lock  and  middle  lock,  a  stretch  of  5  miles.  This  level 
was  filled  to  a  depth  of  4  feet  in  20  hours,  and  the  river  embankment 
proved  tight.  On  the  15th  the  lower  level,  about  2^  miles  in  length,  was 
ready  for  the  water,  and  the  middle  lock-sluices  were  oi>ened,  fiUing  the 
level  to  a  depth  or  4  feet.  The  embankments,  lock-gates,  and  mit^ 
sills  appeared  to  stand  well.  The  work  of  completing  the  lower  lock 
machinery  and  dre<lging  out  the  guard-banks  required  a  few  days  more. 
In  the  mean  time  the  demands  for  the  use  of  the  canal  were  becoming 
more  and  more  pressing  on  account  of  the  extremely  low  stage  of  tlie 
river.  The  citizens  of  Keokuk  and  the  Packet  Company  had  det'Crmined 
to  celebrate  the  event  of  the  opening  of  the  canal  to  navi^tion,  and 
finally  the  22d  of  August  was  set  for  the  day. 

Owing  to  an  accident  to  the  distributing  valve  and  the  bursting  of  a 
pipe  in  the  lower  lock  machinery,  it  was  not  until  15  minutes  before  the 
lockage  of  the  first  steamer  that  the  upper  gates  of  the  lock  were  swung 
for  the  first  time  by  the  hydraulic  machinery.    Fortunately  the  machi- 
nery worked  well  from  the  very  start,  and  has  continued  to  do  so  since. 
On  the  morning  of  the  22d  of  August  the  United  States  sna^-boat  Moo- 
tana,  having  on  board  Col.  J.  N.  Macomb.  Corps  of  Engineers,  U.  S.  A^ 
and  a  numl^r  of  his  assistants,  entered  tne  head  of  the  canal  and  csam 
down  to  the  lower  lock,  where  she  landed.    At  5  p.  m.  the  Keokuk 
Northern  Line  steamer  Northwestern  entered  the  lower  lock  firom  below 
and  passed  up  into  the  canal,  amid  much  rejoicing.    The  two  steamcfs 
were  soon  thronged  with  people  and  started  up  the  canal,  the  Montana 
in  the  lead,  with  colors  ^yingj  bands  playing,  and  the  multitude  cheer- 
ing.   The  a^acent  bluffs  were  lined  with  spectators  to  witness  the  open- 
ing to  the  public  of  this  great  work,  which  had  been  10  years  in  conne 
of  construction. 

The  steamexs  went  to  the  head  of  the  canal,  then  turned  around  in  it 
in  its  narrowest  part  and  returned  to  the  lower  lock,  where  tiiey  arrived 
at  about  9  p.  m. 

The  steamer  War  Eagle,  with  a  large  delegation  of  i)eople  from  Saint 
Louis  and  other  river  towns,  did  not  arrive  in  time  to  participate  in  the 
opening,  having  got  agrouna  on  a  sand-bar.  She  reached  Keokuk  about 
9  p.  m.,  and  came  up  outside  to  the  river  embankment,  where  she  tied  op 
abreast  of  the  steamer  Northwestern.  The  rest  of  the  night  was  passed 
by  the  assembly  in  8i>eech-makiiig,  music,  and  dancing.  The  next  day 
the  canal  was  thrown  open  for  use  and  the  public  immediately  availed 
itself  of  the  privilege. 

For  the  first  week  or  two  the  operating  of  the  locks  was  much  im- 
peded by  the  mud  deposit,  and  the  large  quantities  of  moss,  lily  i>ads, 
and  drift-wood,  the  accumulation  of  several  years'  growth  in  the  canal, 
which  was  stirred  up  by  the  passage  of  the  boats  and  floated  into  the 
locks.  The  canal  remained  in  operation  till  September  13,  when  an  ei- 
amination  of  the  lower  miter-sill  at  the  middle  lock  discovered  the  fact 
that  the  cushion -timber  had  been  forcetl  upward  bringing  the  coping- 
course  of  stone-work  ^dth  it,  leaving  an  0])ening  under  the  coping-conrse 
of  3  inches  in  the  center,  diminishing  toward  each  side.  The  waterway 
at  once  drawn  from  the  lower  level  of  the  canal,  a  small  coffer-dam  vas 
built  and  the  lock  pumped  out.  The  work  of  repairing  was  pushed  night 
and  day ;  the  entire  coping-course  was  taken  up,  reset,  and  all  the  oM 
iron  dowels  replaced  with  the  addition  of  wedges  in  both  ends ;  10  addi- 
tional bolts  1 J  inches  in  diameter  and  5  iiiche>s  in  length  w^ere  placed  in 
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the  cushion-timbers,  and  30  additional  dowels  of  same  size  plaeed  in  the 
face-course  of  the  masonry. 

The  upper  miter-sills  at  middle  and  lower  locks  were  also  examined, 
and,  shovdng  signs  of  lifting,  were  strengthened  with  new  bolts  and 
straps,  and  all  joints  regrouted.  The  repairs  were  completed  on  the 
24th  and  the  canal  was  again  opened  on  the  25th. 

The  primary  cause  of  the  displacement  of  the  miter-sills  was  found  to 
be  in  the  imperfect  leading  of  the  long  bolts  which  pass  through  the 
cushion-timbers.  The  bolts  were  five  feet  long  and  ragged  to  catch  the 
lead,  but  the  lead  chilled  in  pouring  and  did  not  run  half  way  down. 
The  bolt«  in  the  masonry  were  about  3^  feet  long,  and  intended  to  secure 
the  top  course^  20  inches  thick,  to  the  bottom  course,  28  inches  thick,  a 
provision  against  sliding ;  these  bolts  were  simply  cemented  and  would 
probably  have  answered  their  purpose  if  the  cushion  side  had  not  raised 
and  permitted  the  full  head  of  water  to  lift  under  the  top  course.  In 
rebuilding  the  masonry  all  of  these  bolts  were  wedged  at  top  and  bottom, 
and  24  additional  bolts  were  placed  wedged  at  both  ends ;  the  new  bolta 
being  5  feet  long.  If  inches  diameter.  In  the  cushion-timber  a  newJ)olt 
of  same  size  was  placed  between  each  two  of  the  old  ones  and  the^  old 
ones  were  wedged  at  the  bottom ;  all  bolts  being  thoroughly  grouted. 

The  upx)er  sill  at  lower  lock  was  treated  in  the  same  way,  and  also  the 
upper  sill  at  middle  lock,  except  that  instead  of  placing  the  additional 
bolts  in  the  cushion-timbers  I  placed  a  strap  of  2^-inch  by  j-inch  iron 
and  carried  it  well  down  the  lift- wall. 

The  lower  miter-siU  at  lower  lock  showed  no  signs  of  lifting  until  we 
had  ox>erated  the  canal  a  day  or  two  atter  finishing  the  middle  lock.  As 
it  lifted  a  very  little,  I  thought  I  would  be  able  to  weight  it  doTvn  with 
pig-iron,  and  thus  prevent  interruption  to  navigation  till  fhe  close  of  the 
season,  out  my  eftbrts  were  not  successftd ;  it  kept  coming  up  slowly,  and 
to  prevent  accidents,  I  found  it  necessary  to  make  repairs  at  once. 

On  the  1st  October  notice  was  given  that  the  canal  would  be  closed 
until  the  15th. 

We  did  not  succeed  in  cleaning  the  canal  of  rafts,  &c.,  until  the  3d 
October,  which  caused  us  a  day  or  two  delay,  when  the  work  of  building 
coffer-dams  was  at  once  commenced. 

In  order  to  ac(5ommodate  the  current  business  of  the  boats,  a  coffer- 
dam was  to  have  been  placed  at  the  head  of  the  lower  loik  to  retain  the 
water  in  the  lower  level,  so  that  freight  could  be  transferred  across  the 
canal-bank  at  the  foot  of  the  rapids.  This  dam  was  commencf  d,  and|at 
least  one-half  of  it  completed,  when  it  was  discovered  that  the  lower 
miter-sill  at  the  middle  lock  was  not  yet  secure.  This,  of  course,  made  it 
necessary  to  draw  off*  the  water  from  the  lower  level,  and  cease  operating 
the  canal  in  the  lower  level  entirely  until  the  repairs  to  the  miter-sills 
were  completed. 

At  the  middle  lock  an  earthen  embankment  was  placed  surrounding 
the  lower  miter-sOl,  and  when  the  water  was  pumped  out  the  condition 
of  the  sill  was  found  to  be  as  follows :  The  cushion-timbers  were  raised 
from  1  to  2  inches,  being  highest  at  center  of  lock.  A  few  of  the  stone 
of  the  coping  course  were  raised,  the  highest  being  about  IJ  inches 
above  its  proper  position.  Many  of  the  vertical  joints  of  cement  and  a 
considerable  i)ortion  of  the  bed-joints  had  been  washed  out,  and  one  or 
two  stones  had  settled  down  a  little.  The  cement  used  in  repairing  this 
sill  was  of  the  best  brand  of  the  Louisville  Mills,  and,  as  it  seemed  to 
set  well  while  using  it,  I  was  very  much  surprised  to  find  that  it  had 
washed  out.  Four  or  five  of  the  bolts  in  the  cushion-timbers  were  loose 
exiQiigh  to  be  extracted,  though  with  considerable  difficulty ;  others-  could 
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be  drawn  np  an  inch  or  two,  and  the  res^  could  not  be  moved  bv  screw- 
ing on  the  nutii  with  a  wrench  having  a  lever  of  4  feet  and  tanied  by  3 
men. 

In  making  repairs,  I  fonnd  it  impractieable  to  rebuild  the  ec/pmg  course 
without  breaking  the  stone  M  to  pieces  and  consosiiiig  rauck  time. 

The  stone  all  being  soond  and  not  much  out  of  place,  I  eoncladed  not 
to  move  them,  bat  to  boH  them  down  more  secniely  and  groat  the  ioints 
as  well  as  possible,  so  as  to  make  the  sill  hold  nntii  the  close  of  the  sea- 
son of  navigation  would  give  an  opportonity  for  more  complete  repain. 
In  pnrsoanoe  of  this,  I  placed  in  each  coi^on-timber  17  additional  bolts, 
and  in  each  stone  of  the  whole  coping  2  additional  bolt&  These  boltsy 
are  7  feet  kmg,  1{  inches  diametor,  driven  on  a  ^inch  wedge,  with  setew* 
thread  on  top  with  not  and  washer^  the  washer  on  stone  being  <tf  bmkr 
plate  5  inches  square. 

The  bolts  were  put  in  the  holes  hot  and  snlphor  poured  around  thMi. 
Since  the  resumption  of  navigation,  many  examinalioiia,  made  wiUi  the 
levels  and  by  a  diver,  have  not  discovered  any  lifting  of  this  siD^  though 
there  was  some  leakage  under  the  copkig  course  at  points  not  rmchei 
by  the  grouting. 

At  the  lower  lock  a  coif(^-dam  was  placed  between  the  wing-wi^s  be- 
low the  lower  gates  and  the  lock  pumped  outw  The  cuiAiioii*tiirt)ers  ot 
the  miter-sill  were  found  to  be  up  finom  2  to  3  inches,  and  the  whole  oop^ 
ing  raised  bodily,  as  in  the  first  instance  at  the  middle  kx^  In  tibe 
center  it  had  raised  from  its  bed  about  1|  in^es^  diminishing  to  nolhi^ 
at  the  chamber  walls.  The  v^-tical  joints  were  anbn^en.  As  at  the 
middle  lock,  the  leading  of  the  bolts  was  an  absolute  fiiiliire.  the  ledl 
having  chiUed  and  blocked  up  the  hokM  wf tbout  x^arting  the  oottmn. 

Repairs  consumed  in  grouting  the  bed-joint^  and  placing  101  additionil 
bolts  along  the  faces  of  the  wait  Pine  wedges  wete  driven  into  the 
bed-joint^  those  on  the  lower  side  being  confined  by  34neh  plank  fitted 
agahist  the  stone  and  bolted  down«  Ttn  grouting  of  the  bed-ioiiit  ww 
accomplished  by  drilling  holes  through  the  coping.  The  boltHig  wai 
similar  to  that  at  middle  lock,  except  that  the  bolts  in  the  cosliien-thn- 
bers  and  the  stone  immediately  back  of  them  wer^  1|  inches  dimneleri 
and  only  10  additional  ones  were  placed  in  each  cushnm-taraber. 

The  hold  of  ev^y  YxAt  was  tested  before  pmming  snlphor,  by  3  mm 
turning  the  nut  with  a  wrehch  having  a  lever  of  5  feet.  Advmitage 
was  taken  of  this  opportotiity  to  make  the  upper  sill  stlU  more  secure  by 
adding  22  bolts,  and  placing  3  additional  straps  on  each  cushion-timber. 
An  examination  of  the  culverts  of  this  lock  showed  that  the  concMe 
bottom  had  been  considerably  washed  out,  and  would  need  attentieB. 
All  repairs  were  completed  and  the  canal  opened  for  navigation  en  the 
morning  of  October  18. 

During  these  repairs  the  whole  force  was  at  work  night  and  day  with- 
out cessation. 

The  canal  remained  in  continuous  and  snccessfiil  operation  from  Oo- 
tober  18  to  December  10,  when  it  was  closed  ibr  the  winter. 

The  navigatioti  of  the  river  above  this  point  ceased  after  November 
30;  the  canal  was  virtually  closed  for  through  business;  but,  in  order  tx) 
acoommodate  boats  wishing  to  harbcH*  in  the  cani^  and  on  account  of 
the  movemements  of  the  dredge,  the  locks  were  kept  open  until  the  lOtli 
Deeember*  Two  large  stde-wheel  steamers  and  sevm»l  smaller  enlt 
took  advantage  <^  the  privilege  and  harbored  in  the  oanml  dnnng  tha 
winter  for  safety  from  ice. 

Substantial  ooifer-datais  were  constructed  during  the  month  of  Deem- 
ber  across  the  h^iad  and  foot  of  the  canal,  for  the  pmrpeae  of  makteg  t 
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thoroiigli  examination  of  the  entire  work,  making  such  repairs  or  altera- 
tions as  might  be  found  to  be  necessary,  and  completing  unfinished 
work. 

A  low  coffer-dam  was  also  placed  at  the  middle  lock. 

An  examination  at  the  guard-lock  showed  that  the  upper  and  lower 
miter-sills  and  cushion-timbers  had  not  moved,  but  they  were  given  ad- 
ditional security  by  adding  new  bolts,  as  was  done  at  the  miter-sills  of 
the  other  locks. 

The  bolts  in  the  cushion-timber  and  face-stone  were  of  l^-inch  diame- 
ter, in  the  other  stone  1^-inch  diameter,  at  least  2  bolts  to  eacjh  stone. 
The  bolts  are  7  feet  long,  driven  on  wedges,  and  firmly  secured  by  point- 
ing melted  suli)hur  around  them,  the  nuts  at  top  being  screwed  down 
firmly  on  wrought-iron  washers. 

Water  compartments  were  built  in  the  gates  in  order  to  give  addi- 
tional weight  when  the  pressure  was  on  them,  and  thus  help  to  counter- 
act the  lifting  tendency. 

The  middle  lock  was  pumped  out  and  a  general  examination  made. 
The  concrete  bottom  of  the  culverts  was  found  to  be  washed  out  some- 
what in  places,  but  not  enough  to  require  repairs. 

Water  compartments  were  built  in  the  lower  gates  as  at  the  guard- 
lock.  The  lower  miter-sill  at  this  lock  is  the  one  that  was  most  disturbed 
by  lifting  last  fall.  An  examination  showed  that  it  had  not  moved  since 
the  repairs  of  last  October. 

The  bed-joint  under  the  coping  course  was  found  to  be  open  in  places 
where  the  gi'out  had  not  found  its  way.  It  was  regrouted  as  thoroughly 
a«  possible,  and  a  calking  of  oakum  driven  under  the  cushion-timber. 

An  examination  at  the  lower  lock  showed  that  the  concrete  bottom  of 
the  culverts  was  very  badly  washed  out  in  places. 

The  concrete  seems  to  have  been  miserably  made  and  placed.  In 
some  phices  which  had  not  yet  washed  out  a  stroke  of  the  pick  would 
produce  a  sound  indicating  a  hollow,  and  upon  removing  an  upi)er  cnist 
a  thin  stratimi  of  mud  was  disclosea,  showing  that  the  surface  had  not 
been  properly  cleaned  before  placing  the  concrete. 

This  was  the  first  lock-work  done  on  this  canal,  and  it  was  under  the 
contract  of  Ephraim  Owen,  since  deceased.  From  what  I  have  heard  of 
the  man,  the  closest  watching  would  not  always  seciu*e  good  work.  The 
repairing  of  the  culverts  with  good  concrete,  well  raumied,  was  thoroughly 
done. 

Tlie  miter-sills  showed  no  disturbance  since  the  October  repairs;  but 
little  grouting  was  requu'ed,  and  calking  under  the  cushion-timbers, 
and  a  trench  4  feet  wide  was  excavated  in  the  old  concrete,  imme<iiately 
in  front  of  the  lower  miter-sill,  which  was  refilled  with  good  concrete  care- 
fully placed. 

Water  compartments  were  built  in  the  lower  gates  as  at  the  other 
locjks.  About  the  1st  of  March,  1878,  the  work  of  removing  the  dams  at 
the  entrances  of  the  canal  was  commenced  and  all  necessary  prepiirations 
were  made  for  resuming  na\igation. 

The  canal  was  open  for  day  na\igation  March  15,  and  has  been  in 
continuous  and  highly  successfid  operation  since. 

On  the  4:th  April  a  night  force  was  put  on.  The  lightuig  of  the  locks 
at  night  is  accomplished  by  means  of  4  small  locomotive  head-hghts. 
They  are  jAaced  about  12  feet  above  the  lock  walls,  just  bfick  of  the  cen- 
ter of  the  gate  recesses,  and  inclined  shghtly  forward  to  throw  the  light 
downward.  They  are  fastened  on  stands,  which  turn  easily  on  a  vertical 
axis,  so  that  the  light  can  be  thrown  in  any  direction  to  facilitate  the 
eiitrancie  or  exit  of  boats. 

47  E 
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Two  or  three  morp  lights  of  the  street-lamp  pattern  wfll  be  adikd  to 
h'ght  np  the  Ux-k  walls. 

.Siiu-4'  the  rt'imiriii;:  of  the  miter-.silLs  la>t  October,  the  canal  has  heea 
in  artual  4»i>eratiou  aUmt  4^  mouths,  daring  which  time  everything  ha^ 
worked  in  the  most  satisfacton*  manner. 

The  largest  Ktejimersarejiassed  thrr>ughthe  locks  in  aboat  teo  minote^r 
and  on  jiartieular  cjccasions  have  been  passed  throagfa  in  shorter  tone. 
They  i>ass  the  whole  length  of  the  canal^  7.6  mileis  including  3  lockages, 
in  a  little  less  than  two  hoorji. 

Small  steamers,  which  are  more  easily  handled^  have  made  tbe passage, 
in  a  little  over  one  hoar.  The  qae?stion  of  the  advisability  of  alliiwing 
log  and  lamber  rafts  to  nse  the  canal  was  one  of  some  doabt  previous  to 
the  oi>ening,  bat  the  first  trial  jiroved  that  they  could  be  readily  passed 
without  interfering  with  steambiiats.  Of  course  their  pas.8a^  tlii>Mi«:h 
the  locks  consumer  some  time,  as  they  have  to  be  divided  into  section^ 
whi<>'h  are  pushed  into  the  locks  by  their  tow-boats,  and  palled  out  by 
hand.  No  steamer  is  obliged  to  wait  for  more  than  one  section  to  pa^ 
Rafts  do  not  cjire  to  use  the  canal  except  when  the  water  is  very  low  on 
the  rapids.  Passenger  steamers,  on  the  contrary,  use  the  canal  aliDost 
all  the  time  rather  than  take  even  smaU  risk  on  the  rapids,  and  to  escape 
the  si^ift  current.  The  matter  of  tolls  on  this  work  was  settled  daho^ 
the  earlier  part  of  the  construction  of  the  canal,  by  a  proviso  in  one  (rf 
the  a])pro])riation  bills  which  required  ^^  That  any  canal  that  may  be 
constructed  around  said  Des  Moines  or  Lower  Rapids  of  the  Mississippi 
River  shaU  be  and  forever  remain  firee  to  the  na\igation  and  commute 
of  said  river,  and  no  tolls  shall  ever  be  collected." 

This  provision  of  Congress  makes  it  necessary  to  have  annual  appro- 
priations of  money  to  pay  the  expenses  of  oi)erating  and  maintainiiif 
the  canal. 

The  estimated  annual  cost  is  $40,000,  which  provides  for  ordiiuin 
rei)airs. 

Tlie  cost  of  operating  and  maintenance  for  the  fiscal  year  ending  30ti 
June,  1878,  was  iAl^iHl").  Only  $7,500  was  si^ecially  provided  for  the 
o])erating  expenses,  so  that  the  remainder,  $40,005,  was  taken  from  fuink 
l)ro^ide<l  for  construction,  and  should  be  replaced. 

PRESENT  CONDITION  OF  THE  WORK. 

The  present  condition  of  this  work  is  as  follows,  viz :  The  canal  proper 
is  in  thoroughly  gocnl  condition  for  navigation.  The  river  enibaukniait 
is  l)elow  grade  in  S4>me  ])laces,  and  the  riprap  wall  on  canal  side  is  ooly 
])uilt  up  to  8  feet  almve  canal  bottom.  It  is  essential  that  it  should  he 
built  at  least  2  feet  higher  as  soon  as  practicable,  to  prevent  wash;  abo« 
that  \yomt  the  wall  may  be  finished  at  leisure.  A  great  deal  of  wall  remains 
to  be  built  on  the  river  side,  but  as  the  embankment  is  well  protected 
except  in  one  or  two  places,  by  rough  ripra]),  the  building  of  the  wall  k 
not  at  once  nei'essary. 

The  machinery'  at  the  lower  and  middle  locks  is  completed  with  the 
exception  of  that  necessary  to  operate  the  sluice-gates.  The  machiueiy 
at  the  guard-lock  is  in  position,  with  the  exception  of  the  pumping-en 
gine,  pump,  and  distributing-valve,  and  some  other  minor  parts.  The 
lock-grounds  are  not  yet  completely  graded  nor  inclosed*  The  channel 
between  the  head  of  the  canal  and  Montrose,  though  practicable,  reijiiire^ 
the  removal  of  a  large  quantity  of  rock,  some  of  which  has  been  chiseled 
and  is  ready  to  be  dredged  up. 

It  is  contemplated  during  the  present  season  to  build  the  emhaiU- 
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ment-wall  about  2  feet  higher,  to  finish  up  the  lock-groimtls,  inclosing  at 
least  the  lower  lock -grounds,  to  finish  the  guard-lock  machinery  and 
engine-house,  to  dredge  up  as  much  as  possible  of  the  chiseled  rock  in 
channel  Jibove  head  of  canal.  This  work  to  be  done  in  addition  to  the 
operating  and  maintaining  the  canal. 

The  work  done  upon  the  improvement  during  the  past  year,  in  detail, 
is  as  follows,  viz : 

LAYING  RIPRAP  WALL. 

Work  was  pushed  as  rapidly  as  the  stone  could  be  obtained  and  laid, 
and  during  the  month  of  July  the  wall  was  finished  to  about  8  feet  above 
grade,  along  the  inside  of  the  river  embankment,  from  the  guard  to  the 
lower  locks,  when,  as  the  locks  were  not  quite  ready  for  the  water  and. 
there  being  some  stone  left  from  a  fonner  contract  on  the  shore  side  of  the 
canal,  the  force  was  transferred  to  that  side  and  a«  much  of  the  exi)osed 
shore  banks  of  the  excavation-pits  protected  by  riprap  wall  as  could  be 
done  up  to  the  time  of  filling  the  prism. 

During  the  winter  months  while  the  water  was  out  of  the  canal  repairs 
to  the  rii)nip  were  made  in  some  places  where  the  wall  had  been  found 
too  low,  and  at  others  where  it  had  been  crushed  by  boats  or  rafts  strik- 
ing it.  These  repairs  were  made  as  well  as  possible  with  the  material  on 
hand,  as  new  material  could  not  be  delivered  until  reopening  of  na\'iga- 
tion. 

THE  FINISHINa  OF  THE  PRISM 

was  carried  on  at  the  same  time  as  \igorously  an  possible,  such  as  the  re- 
moval of  temporary  cross-banks  at  head  and  foot  of  the  canal,  and  some  at 
intermediate  points,  which  had  been  placed  there  for  protection  during  con- 
struction of  the  work ;  also  the  removal  of  bowlders,  a  large  growth  of  wil- 
lows and  weeds,  old  stiunps,  drift  logs,  a  portion  of  the  sand-bars,  and  gen- 
eral debris,  the  accumulation  of  ten  yeara.  This  work  should  have  been 
commenced  sooner,  as  it  was  of  greater  magnitude  than  anticipated,  and 
considerable  annoyance  was  experienced  in  operating  the  gates  of  the  locks 
with  their  peculiar  machinery,  on  account  of  the  weeds,  sand,  &c.,  being 
Ciirrie<l  into  them  by  the  water  and  boats  passing  tlirough.  The  filling 
of  the  opening  in  the  bank  which  had  been  left  for  the  purpose  of  allow- 
ing the  water  to  pass  out  of  the  ca^al  during  construction,  as  well  as  the 
removal  of  the  heavy  cross-bank  just  above  tlie  lower  lock,  was  accom- 
plished between  the  6th  and  15th  of  August,  1877,  after  which  the  water 
was  let  in  and  the  level  rapidly  filled. 

While  the  canal  was  in  operation  during  the  months  of  August,  Sep- 
teml)er,  Octol)er,  and  November,  1877,  the  steam-dredge  was  constantly 
in  service  and  did  excellent  work  in  removing  remains  of  coffer-dams  in 
cbannel,  both  at  the  Montrose  and  Nashville  dam  No.  2,  as  well  as  at  the 
lower  lock  coffer,  which  materially  helped  the  steamers  to  use  the  ap- 
I>roaches  to  the  canal  upon  the  opening.  The  accumulation  of  mud  and 
sand  below  tlie  lower  lock  was  also  partially  removed,  gi\ing  a  narrow 
but  deep  channel  to  the  chamber  of  the  lock;  and  again  during  the 
month  of  October,  when  tlie  canal  was  closed  for  repairs,  the  dredge  was 
of  invaluable  service  in  quickly  placing  and  remo^ing  the  temporary  cof- 
fers placed  at  the  locks  for  keeping  out  the  water  while  w^ork  w^as  going 
on.  Since  then,  except  when  laid  up  on  account  of  ice,  bad  weather,  or 
the  lack  of  funds^  the  drexlge  has  been  actively  and  indispensably  em- 
ployed in  deei)enujg  and  widening  the  channel  wlierever  it  had  been 
obstnicted  by  bars  formed  from  the  lateral  streams  emptying  into  the 
canal. 
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Tlie  newly-eoiistmctcHl  diunp-soows  have  been  in  use  for  the  paM  two 
weeks.    The  nt earner  Crii'ket  i«  employ e<l  towing  them. 

During  the  month  of  January',  187S,  a  trench  was  blaster!  acroK8  the 
canal  at  station  .'i'W,  4  fi-et  l)elow  grade,  for  the  purpoe«;e  of  prote<-tiug  the 
water-pii>e  leading  from  the  Mississippi  Brewen'  to  the  river  fnnu  frost. 
The  yearly  freezing  of  this  pipe  has  lieen  a  source  of  exi>eiise  to  the  p)v- 
eniiiient  and  anxiety  to  the  proprietor  of  the  proi>erty.  It  is  con:?idtned 
safe  from  fwst  now. 

GUARD-LOCK. 

At  the  l>eginning  of  this  year  there  was  still  remaining  a  small  amonnt 
of  work  to  be  done  to  complete  the  guaiiMock.  The  8lo|>e-wall  connect- 
ing the  lower  inside  vertical  wall  with  the  canal  bank  and  the  slo|>e,  aud 
ripnip  wall  connecting  the  uin>er  inside  vertical  wall  with  the  dike  wtfe 
completed. 

The  gnwling  immediately  about  the  lock  walls  was  done  to  cover  tbe 
water-i)ipes  and  prevent  their  injury  by  frost.  The  rock  l»etween  the 
lower  wing- walls,  where  the  excavation  changes  from  lock  bottom  toi^aual 
l)ottom,  had  been  left  in  a  rough  and  irregular  condition ;  enoa<;:li  of  it  wa^ 
taken  out  to  ease  it  uj)  so  that  the  water  might  have  an  unobstructed 
flow  from  the  lock  while  being  emptied.  In  connection  with  this  a  W 
was  excavated  in  the  rock  below  the  canal  grade  on  which  to  ivst  tbe 
water-pipes  whi(rh  transmit  the  water  for  operating  the  byilraulic  cylin 
ders  on  tlie  side  of  the  lock  opjmsite  the  engine-house. 

The  force  employed  at  constructing  the  lo<*k -gates  completetl  their  work 
by  August  1.  All  that  was  necessaiy  to  do  to  them  was  to  complete  tbe 
lower  gates  of  the  guanl-lock.  The  plank  was  to  be  put  on  the  ui)per 
sides,  the  wickets  to  l>e  put  in,  and  the  rods  to  suspend  them  Ironi  tk 
columns,  and  all  to  be  tlioix)ughly  painted. 

*  SNUBBING-POSTS. 

Tliere  were  place<i  17  cast-iron  snubbing-posts  at  each  tlie  lower  and 
guard-locks,  and  16  at  the  middle  lock.  They  were  located  at  the  mnii 
convenient  points  where  they  are  used  in  hohling  vessels  while  iii  or 
entering  the  locks.  They  are  placed  on  the  back  line  of  the  coping  on 
the  walls,  and  stand  2  feet  above  it.  They  have  a  flange  i)rojectioQ 
which  rests  on  the  wall,  and  the  shaft  enters  the  masonry  about  3  fM, 
one-half  let  into  the  cojung  and  the  other  half  into  a  stone  3  feet  long 
by  1  foot  C  inches  wide  jointed  on  back  of  it,  and  that  fastened  to  tk 
coping  Avith  clamps  ma^le  from  2  feet  by  ^  foot  flat  iron,  and  seciu^  with 
lead.  There  are  also  a  nimiber  of  oak  snubbing-jwsts  placed  some  dis 
tance  above  and  below  the  locks  on  each  side  of  the  canal.  The  oki 
timlx*r  delivered  to  build  the  lock-gates  and  afterward  condemned  vi^ 
utilized  for  this  puq^se. 

ENGINE  HOUSES. 

In  connection  with  the  work  that  was  being  done  at  the  gnanl-loek 
there  was  a  force  employed  at  dressing  stone,  excavating  for  the  founda 
tion,  and  building  the  walls  of  the  engine-house  and  cistern ;  the  plan 
being  essentially  the  same  as  of  those  built  at  the  lower  and  mi<ldk 
locks.  They  hth  put  up  in  the  most  substantial  manner.  The  buildiiij: 
was  inclosed,  the  smoke-stack  comideted,  and  the  slate  roof  put  on  by 
November  1. 
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BE3fOVING   OBSTRUCTIONS  TO  THE    CHANNEL  APPROACH  TO  THE  EN- 
TRANCE OF  THE  CANAL. 

The  opening  of  the  caual  l>eiiig  of  first  importance,  such  parts  of  the 
work  necessaiy  to  accomplish  this  was  done  that  navigation  might  have 
tlie  benefit  of  the  canal  dimng  the  low- water  season.  The  remains  of 
the  upper  end  of  the  old  Xashville  coffer-dam  had  to  be  removed  to  safely 
admit  the  large  class  of  boats,  and  the  guard-bank  at  the  head  of  the 
canal  was  to  be  taken  out  On  the  28th  of  July  the  dredge-boat  just 
purcha^sed  for  use  on  this  improvement  wa«  put  at  work  removing  the 
coffer-dam,  and  in  the  mean  time  a  force  of  men  with  teams  was  put  at 
work  removing  the  guard-bank  down  to  the  water  line,  using  the  material 
to  fill  behind  the  lock- walls.  The  bottom  was  taken  out  with  the  dredge- 
boat.  Thus  was  all  completed  by  August  10.  The  dredge-boat,  the  first 
boat  ever  regidarly  locked  through  one  of  the  locks^  passed  thi'ough  the 
middle  lock  August  21* 

MACHINERY. 

Tlie  work  of  preparing  the  machinery  for  operating  the  lock-gates  was 
carried  on  as  rapidly  as  possible. 

At  the  guard-lock  this  work  was  as  follows :  The  iron  guiding  circles 
for  the  chains  which  operate  the  lock-gates  were  placed  in  position  on 
stone  foundations,  resting  on  l)ed-rock  at  bottom  of  the  lock,  and  firmly 
secured  by  bolts.  The  oi>erating  chahis  were  secured  by  a  device  which 
allows  of  their  removal  at  any  time. 

The  hydmulic  cylinders  were  set  in  position  and  secui'ed,  the  pistons 
placed  in  the  hydraulic  cylinders,  the  24-inch  <mlvert  pulleys  fastened  on 
the  coping,  and  pipe  connections  maxle  between  the  cylinders  and  engine- 
house.  The  cistern  supply-pipe  was  laid,  the  pulleys  on  bottom  of  gates 
mljiisted,  and  all  work  which  would  be  covered  by  water  after  the  canal 
was  filled  was  completed.  The  filling  culverts  were  pro\ided  with  a 
temporaiy  arrangement  for  raising  and  lowering  them,  and  they  were 
opened  for  the  first  time  on  the  lOtli  of  August. 

At  the  middle  lock  the  machmery  for  operating  the  lock-gates,  ha^ing 
been  tested  repeatedly,  was  in  condition  to  work  easily  and  with  cer- 
tainty. The  sluice-gates  w^ere  put  in  place,  and  on  August  10  were 
closed  as  w  ere  the  lock-gates  and  cidverts,  thus  retaining  the  water  w  hich 
was  being  admitted  to  the  upper  level  through  the  giuiixl-lock  filling-cul- 
verts. 

At  tlie  hirer  lock  the  final  adjustment  of  the  machinery  was  made  and 
trials  hiul  of  the  new  distributing  valve  and  culvert  machinery.  Owing 
to  the  delays,  which  were  caused  by  slight  accidents,  it  was  not  possible 
to  give  the  usual  preliminary  tests  to  the  machinery  operating  the  low  er 
gates,  which  are  the  heaviest  on  the  canal.  The  entire  night  of  August 
21  was  spent  in  trying  to  force  tlie  gates  through  the  thick  mud  which  lay 
at  the  bottom  of  the  lock,  audit  w^as  not  until  the  day  of  the  opening,  August 
22,  at  4  p.  m.,  that  the  gate^  were  successfully  operated.  Subsequent  to 
the  opening  of  the  canal  the  lower  and  middle  locks  were  operated  with 
only  occasional  slight  delays  until  September  13,  during  this  period  the 
water  in  the  river  being  at  such  a  low  stage  as  to  admit  of  the  guard- 
lock  gates  being  left  open  for  the  passage  of  boats  directly  into  the  upper 
level  without  lockage. 

The  delays  which  I  have  mentioned  as  occurring  at  the  middle  and 
lower  locks  were  unavoidable,  being  caused  by  drift-wood  and  water- 
plants,  w^hich,  torn  up  by  the  w  heels  of  passing  steamboats,  were  pushed 
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down  to  the  locks,  fiometimes  formiufi:  an  almost  solid  mass,  9  or  10  feet 
in  thickness,  diivctly  in  front  of  the  lock-gates. 

The  process  of  breaking  up  the.se  jams  was  a  slow  one,  but  eventually 
the  material  was  all  floated  out  of  the  canal.  The  mud,  which  had  ac- 
cumulated in  the  lower  lock  since  its  completion,  now  be^ran  to  wash 
down  toward  the  lower #  gates,  and  packed  solidly  around  them.  ThU 
mud  was  of  the  consistency  of  brick  clay  from  the  jiressure  it  received 
while  moving  the  gates  through  it,  and  it  proved  a  serious  obstacle  for 
a  while,  causing  breakages  of  wire  rope,  pulleys,  &c.  The  8er\ices  of  a 
diver  were  obtained  to  repair  such  breakages  as  were  under  water,  and 
consequently  otherwise  lieyond  reach.  In  this  connection  I  would  men- 
tion that,  as  it  was  found  advisable  to  have  a  diver  always  within  reach 
for  sudden  emergencies,  one  of  our  own  men  was  instructed  in  the  art. 
A  complete  outfit  of  diving  apparatus,  consisting  of  air-pump,  armor, 
and  appurtenances,  was  purchased,  and  all  such  work  has  since  been 
done  quickly  and  at  a  very  slight  ex]>ense. 

Tlie  machinery  at  the  locks  worked  very  well,  and  no  delays  were  ex- 
I>erience<l  in  passing  boats.  The  lower  gates  at  lower  lock  were  moved 
without  difficulty  after  the  mud  had  l>een  removed  -from  ai-oiuid  them. 

The  machinery  for  oi)erating  the  filling  culverts  at  the  head  of  the 
canal  was  set  up  and  connected  diu'ing  the  \^inter  and  satisfactory  tests 
of  its  workings  made.  The  filling  culverts  are  6  in  iiuml>er,  the  ai>ertnre 
of  each  being  6  feet  by  3  feet,  or  18  squai*e  feet  area.  Each  culvert  is 
coverwl  by  a  sliding  gate,  similar  in  design  to  the  recess  culvert-gates 
at  the  l<K;ks. 

At  the  top  of  each  gate  is  attached  a  wrought-iron  rod  2  J  inches  di- 
ameter, on  the  upper  end  of  which  is  a  strong  cast-iron  rack   workin<r 
into  a  loose  pinion ;  a  4J-inch  wrought-iron  shaft  extends  alon^  the  top  of 
the  wall,  supported  at  intervals  on  pedestals,  which  are  lx)lted  down  to 
the  wall.    On  this  shaft  the  loose  pinioiLs  above  referred  to  are  carried, 
and  they  ai-e  thrown  into  gear  by  a  clutch  worked  by  a  lever,  so  that 
any  i)articular  gate  or  all  the  gates  can  be  raised  or  lowered  at  wilL 
The  main  shaft  by  which  motion  is  communicated  to  the  pinions  is  oper- 
ated by  a  double-geared  crab  or  windlass,  which  two  men  can  handle  easily, 
raising  from  2  to  4  gates  at  once.     By  doubling  the  power  on  the  cranks 
of  windlass  all  the  gates  can  be  raised  during  any  but  an  extreme  hi^h 
stage  of  water  in  the  river,  and  one  or  more  gates  can  he  operated  agaimst 
the  greatest  i)ossible  i)ressure  which  cjui  be  brought  to  bear  on  them. 

The  guard-lock  machinery  not  being  completed,  spars  and  capstans 
were  constructed  and  i)ut  in  position  for  operating  the  lock-gates  by 
hand,  and  have  worked  well. 

BEPAIBS  OF  MITEE-SILLS. 

An  examination  of  the  lower  miter-sill  middle  lock  on  September  13 
proved  that  the  entire  coping  course,  which  is  formed  of  large  stones,  30 
inches  in  thickness,  hml  been  displaced  vertically,  being  3  inches  from 
its  bed  in  the  center  of  the  lock,  sloiiuig  to  either  side,  the  vertical  joints 
of  cement  being  unbroken. 

The  lower  level  of  the  canal  was  first  drawn  off  and  a  small  coffer-dam 
constructed  across  the  lower  end  of  the  lock ;  it  was  foiuid  necessj4rj'» 
however,  to  draw  off  the  upper  level,  which  was  accortlingly  done,  aud 
the  lock  pumi>ed  out.  A  force  of  laborers  was  employed,  a  derrick 
placed  in  position,  and  the  coping  course  of  miter-sills  removed  and 
afterwards  carefully  reset  with  LouisWUe  cement,  the  joints  l>eing  carefiilly 
grouted.    The  old  dowels  and  bolts  in  the  cushion  timbers  and  stone  hara^ 
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been  removed  were  replaced,  and  additional  new  bolts  also  fastened  into 
the  bed-rock  with  wedges.  At  this  time  also  the  np])er  miter-sills,  at 
middle  and  lower  locks,  were  secured  by  means  of  a<lditional  bolts  and 
dowels,  and  the  cushion-timbers  fastened  down  with  2J  inches  by  |  inch 
wrought-iron  straps  extending  dowii  9  feet  below  the  top  of  miter-sill 
wall  and  bolted  to  the  face  of  the  wall  with  heavy  bolts  driven  with 
wedges.  The  work  of  resetting  stone,  regrouting  joints,  and  placing 
bolts  was  prosecuted  day  and  night,  without  intermission,  until  it  was 
completed  and  the  canal  opened  to  na\igation  September  25. 

During  the  latter  part  of  the  month  of  September  carefid  observations 
with  a  level  disclosed  the  fact  that  the  lower  miter-sill,  lower  lock,  ha<l 
heen  disturbed  by  the  pressure  of  the  water.  With  the  hoi)e  that  the  dis- 
placement might  be  checked,  at  least  until  a  higher  stage  of  water  in  the 
river  would  enable  steamers  to  pass  over  the  rapids,  the  miter-sill  was 
loadeii  with  some  20  tons  of  iron,  consisting  of  car-wheels  and  pig-iron 
bound  in  fagots  weighing  800  poimds  each.  These  were  lowered  ftom 
a  flat-boat,  a  diver  below  placing  them  in  position  along  the  upper  edge 
of  miter-sill,  and  extending  over  the  cushion-timbers.  It  was,  however, 
found  imi)ossible  to  prevent  the  cushion-timber  and  miter-sills  from  slo,wly 
lifting,  and  it  became  necessary  to  again  close  the  canal,  which  was  done 
on  the  3d  of  October.  After  the  construction  of  a  coffer-dam,  and  the 
lock  l>eing  i)umi>etl  out,  all  the  machinery  under  the  water-line  was  thor- 
oughly examined,  and  necessary  repairs  made,  and  additional  holding- 
down  straps  were  fastened  to  the  iron  plates  wliich  support  the  machinery 
in  the  towers.  As  soon  as  the  lower  miter-sill  could  be  got  at,  an 
examination  disclosed  that  the  entire  coping  had  been  raised  about  1;^ 
inches  in  the  center  or  apex,  gradually  growing  less  towanl  the  chamber 
walls.  All  of  the  vertical  joints  were  unbroken  and  in  good  condition  ; 
and  in  making  the  repairs  it  was  thought  best  not  to  separate  them  and 
remove  the  coping  and  relay  it  again  as  was  previously  done  at  the 
middle  lock.  On  the  upper  and  lower  side  of  the  sill  the  bed-joint  was 
calked  with  long  tapering  wedges  made  of  perfectly  dry  pine  and  driven 
as  hard  as  the  wood  would  stand  with  sledges ;  all  of  the  dehru  forced 
into  this  joint  by  the  x>ressure  of  water  being  i)reviously  removed  as 
thoroughly  as  possible  before  tlie  wedges  were  driven,  and  as  much  grout 
as  possible  was  forced  into  the  opening  between  the  courses  of  stone. 

The  coping  was  then  bolted  down  with  101  1^-inch  and  l^-inch  bolts 
7  feet  long,  with  a  fox- wedge,  the  bolts  entering  the  bed-rock  more  than 
2  feet.  They  were  driven  very  hard  while  hot,  and  tested  to  see  if  each 
bolt  had  a  good  firm  hold,  and  then  melted  sulphur  poured  around  them 
until  the  holes  were  entirely  filled. 

The  coping  on  the  upper  miter-sill  was  securest  in  the  same  manner, 
but  with  fewer  bolts.  During  the  time  the  lock  was  pumped  out  an  ex- 
cellent opportunity  was  afforded  to  remove  a  portion  of  the  mud  that  had 
accumulated  in  the  bottom  of  the  lock  and  was  the  oidy  cause  of  the 
gates  not  working  with  perfect  freedom. 

A  force  of  men  was  put  at  work  removing  it,  and  succeeded,  while  the 
lock  was  pumj)ed,  in  working  it  out  to  some  distance  above  the  apex  of 
the  gate-recesses.  This  mud  was  from  1  to  3  feet  deep,  and  the  gates 
had  to  be  forced  through  it.  It  was  filled  with  brush  and  water-soaked 
sticks,  which  were  constantly  getting  foul  of  the  chains  and  pulleys  on 
the  bottom  of  tlie  gates. 

In  consequence  of  the  great  demand  for  the  use  of  the  canal,  and  the 
loud  and  villifying  complaints  made  by  the  steamboat  men  on  account  of 
the  closing  of  the  canal,  as  large  a  force  of  men  as  could  be  operated  to 
any  advantage  was  kept  at  work,  both  day  and  night,  drilling  holes  and 
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making  and  putting  in  liolts,  so  that  the  entire  reimire  were  made,  the 
(rofterdam  and  all  rubbish  removed,  and  the  lock  ready  for  use  by  Octo- 
ber 15.    About  9  working-days  were  consumed  in  making  all  the  repairs. 

At  this  time,  also,  the  middle  lock  was  examined,  and  some  of  the 
stones  in  coping  of  lower  miter-sill  found  again  slightly  displaced  and 
the  cushion-timbers  slightly  raised.  The  lock  was  jmmped  out,  and  it 
was  foimd  that  the  bed  of  cement  had  been  washed  out  from  under  some 
of  the  stones,  thus  allowing  them  to  drop  down  on  one  side  and  tilt  up 
on  the  opi)osite.  As  nothing  short  of  bi'eaking  up  these  stones  could 
remove  them,  it  was  deemed  best  to  let  them  remain  as  they  urere,  being 
but  slightly  displaced,  and  secure  them  by  additional  bolts,  which  was 
accordingly  done.  The  new  bolts  were  7  feet  long,  IJ  inches  diameter, 
the  holes  to  receive  them  being  drilled  through  4  feet  of  masonry  and  3 
feet  of  lxHl-nx*k.  These  bolts  were  placed  in  the  cushion-timbers  and 
the  other  parts  of  miter-sill  where  needed.  The  bolts  were  wedged  into 
the  l>ed-rock  and  hot  sulphur  poured  around  them,  thus  cementing  them 
firmly  in  place.  After  this  work  was  completeil  there  were  106  bolts  of 
li  inches  and  If  inches  diameter,  and  from  5  feet  to  7  feet  long,  and  34 
dowels,  1 J  inches  diameter  and  4  feet  long,  securing  the  miter-sill  to  bed- 
rock. 

The  work  of  drilling  and  fastening  bolts  was  carried  on  day  and  night, 
gangs  relieving  each  other  eveiy  12  hours.  Much  roc^k  of  a  fluit>*  char- 
acter was  encountei*e<l,  which  made  the  drilling  tedious  and  eonsume<l 
time.  By  the  18th  of  October,  the  repairs  being  completed,  the  canal 
was  oi)eued  to  navigation. 

GENERAL  REPAIRS  DURING  THE  WINTER. 

On  the  10th  of  December  the  canal  was  closed  for  the  season,  coffer- 
dams built  at  the  three  locks,  and  they  were  pumiced  out-     The  miter-siJls 
were  examined,  the  machinery  and  engines  overhauled,  and  necessary 
small  repairs  made.    At  the  lower  lock  a  force  of  men  was  i>ut  at  work 
removing  the  rubbish  out  of  the  culverts,  and  a  new  bottom  was  i)ut  in 
of  well-nmde  cx>ncrete.    !N^one  but  sound  stone  were  used.     They  were 
well  broken  and  mixed  with  good  cement-mortar,  then  dro]>ped  through 
the  air-pipes  into  the  culverts,  and  placed  and  rammed.     In  liuishing  it 
up  the  conci-ete  was  carried  about  12  inches  up  on  the  side- walls  and 
roun<led  out  in  the  center,  leaving  a  kind  of  trough  for  the  water  to  mu 
in.     In  front  of  the  upper  side  of  the  lower  miter-sill  an  excavation  was 
made,  about  4  feet  wide,  down  to  solid  rock,  and  a  good  concrete  apron 
l)Ut  in  to  prevent  any  tiltrati<m  of  water  through  any  of  the  joints  in 
the  sill.    A  considerable  quantity  of  mud  was  removeil,  the  Wttom  l»e 
ing  thoroughly  cleaned  up  as  far  as  the  first  tilling-culvert  o]>ening.    A 
very  careful  examination  of  the  work  done  on  the  miter-sill  in  October 
dis<;overed  no  signs  of  any  yielding. 

At  the  middle  lock  the  lock  was  cleaned  out  for  a  distance  of  100  feet 
above  lower  miter-sill,  the  miter-sill  examineil  and  found  to  be  secure 
and  unchanged  since  their  last  examination  in  October.  The  cushion 
timbers  were  calked  with  oakum,  and  any  open  joints  in  the  face  of 
lock-walls  were  pointed  up,  an  apron  of  concrete  laid  in  front  of  lower 
miter-sill,  extending  6  feet  out  into  the  lock.  The  culverts  were  exam- 
ined and  found  to  be  in  good  general  condition. 

At  the  guard-lock  the  miter-sills  were  more  securely  l)olted  down  to  the 
rock,  to  con*espond  with  the  ailditional  bolting  at  the  other  locks.  The 
bolts  seeming  each  miter-sill  are  as  follows:  30  1^-iiich,  7  fet»t  long;  44 
IJ-iuch,  7  teet  longj  and  10  IJ-inch,  5  feet  longj  a  total  of  84  bolts. 
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which  were  festened  in  the  same  manner  as  those  at  the  middle  lock* 
(These  sills  have  never  moved.) 

At  all  of  the  locks  water  compartments  were  built  in  the  large  gates^ 
to  give  additional  weight  when  the  pressure  was  against  them. 

DBEDGE  AND  DXJIVIP  SCOWS. 

In  consequence  of  the  large  amount  of  rock  to  be  dredged  up  in  the 
channel  above  the  head  of  the  canal,  and  the  constant  need  of  dredging 
the  material  brought  down  by  the  creeks  iiito  the  canal  itself,  it  wan 
found  more  economical  to  purchase  a  dredge  and  have  it  always  on  hand 
than  to  hire  one  and  perhaps  be  delayed  by  waiting  for  it  to  be  bix)ught 
from  a  distance.  An  excellent  dredge  was  purchased  early  in  the  year 
from  H.  S.  Brown  &  Co.,  for  the  simi  of  $11,300^  and  it  has  been  of  \^ry 
great  service.  In  connection  with  this,  authority  was  obtained  for  the 
building  of  two  dump-scows.  These  were  not  finished  and  brought  into 
use  till  the  latter  part  of  the  year.  They  are  very  strongly  constructed,, 
are  72  feet  by  18  feet  over  all,  and  have  a  capacity  of  from  GO  to  70  cubic 
yards. 

OPERATING  FOECE. 

The  force  i-equired  for  operating  the  canal  wlien  all  machinery  is  com- 
pleted is  as  follows,  viz : 

One  jraperinttndcnt. 

One  clerk. 

On«  overseer. 

Three  lock-masters.     ^ 

Three  lock-engiueei-s.  U  ^  , 

Three  hremen.  r*'**^ 

Three  lock-hauds.        J 

Three  assistnnt  lock-masters.     "^ 

Th^  C^u'  ^^^''■^"K^'^"-    Night  watch. 
Three  lock  hands.  I 


One  sub-overseer. 
One  steam-engineer. 
One  di]>per-teuder. 
One  fireman. 
One  wat<?hman 
Six  deck-hands. 


^  For  management  of  dredge  and  mud-scows,  for  about  4  months 

in  the  year. 


With  the  above  a  st^am  tow-boat  must  be  hired,  when  needed,  for 
Ino^^ng  the  dredge  and  scows. 

The  following  ndes  and  regulations  for  the  government  of  the  canal 
having  received  the  appproval  of  the  honorable  Secretary  of  War,  were 
j>rinted  on  card-board,  and  a  copy  is  handed  to  the  master  of  every  boat 
that  passes  through  the  canal  with  a  request  that  it  be  posted  in  a  con- 
spicuous place  on  the  boat,  and  a  record  of  those  given  out  is  kept  for 
reference. 

These  rules  and  regulations  are  generally  pretty  well  observed,  and  no 
serious  difficulty  has  arisen  since  they  were  published. 

RULES  AXD  REGULATIONS  FOR  THE  QO\'ERNMENT  OF  THE  DES  MOINE8  RAPIDS  CANAI^ 
AXD  THOSE  USING  IT. — PUBUSHED  BY  AUTHORITY  OF  THE  HONOItABLE  SECRETARY 
OF  WAR. 

1.  The  movement  of  all  l>oats  and  floating  things  in  the  eanal,  the  locks,  and  the 
approaches  to  the  ean<il,  shall  be  imder  the  (Urection  of  the  suijerintendent,  or  his 
authorized  assistants. 

2.  When  two  or  more  boats  or  tows  are  waiting  to  enter  the  canal  or  any  of  the 
locks,  the  suiwrintendent  shall  have  authority  to  designate  the-time  and  order  of  their 
entrance,  and  no  boats  or  tows  shaU  enter  without  his  authority. 
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3.  Ordinarily,  boats  and  tows  arriving  first  at  the  locks  shall  have  the  preferene*  in 
passing,  bnt  in  all  cases  boats  and  barges  belonging  to  the  Unit«>d  StAt^s,  or  employed 
upop  the  work,  shall  have  the  prece<lence  over  all  others;  and  pa88en|ceT-boati!  nhall 
have  the  precedence  over  tows.  Rafts  shall  have  one  lockage  in  their  turn,  except 
where  there  are  two  or  more  rafts  together  at  a  lock,  in  which  case  no  part  of  a  raft 
8hall  pass  the  lock  until  the  whole  of  the  raft  orrafta  prece<ling  it  shall  have  passed. 

4.  Boats  wishing  to  paiw  a  lock  shall  not  a])proach  the  lock  n<?arer  than  a  fixed  point, 
which  will  l)e  marke<l  by  a  sign-lH)ard  on  the  canal  bank,  until  the  signal  is  given  to 
enter  the  l«x*k,  and  they  shall  t«ake  i>osition  in  rear  of  any  boats,  towa,  or  rafts  that 
may  prece<le  them,  and  not  in  any  way  obstruct  the  channel. 

5.  When  more  than  one  boat  is  waiting  to  enter  a  lock,  the  masters  moat  ascertaia 
from  the  lock-master  when  their  turn  will  come,  and  abide  by  his  decisiou. 

6.  All  boats,  &c.,  arriving  at  the  locks,  and  not  taking  advantage  of  tbe  first  lawful 
opportunity  to  psiss,  shall  lose  their  turn. 

7.  All  boats  when  in  the  locks  shall  fasten  one  head-line  and  one  spring-line  to  the 
snubbing-poHts  on  the  lock  walls.  Large  boats  shall  use  one  head-line  and  two  spring- 
lines,  and  the  lines  shall  not  be  unloosed  until  the  signal  is  given  for  the  l>oat  to  leave 
the  lock.  Boats  shall  also  be  provided  with  fenders,  to  be  used  in  guarding  the  lock 
walls,  &c.,  from  iiyury. 

8.  No  l)oat  shall  strike  any  part  of  the  lock  or  sluice  walls,  nor  any  gate  or  app^^ 
tenance  thereto,  or  machinery'  for  operating  the  gates,  nor  the  walla  protecting  the 
banks  of  the  canal. 

9.  All  rafts  or  tows  passing  the  locks  in  sections  shall  ''make  up''  just  below  or 
above  the  lock,  on  the  shore  side. 

10.  All  l»oats  using  the  canal  shall  l)e  free  fh)m  projecting  irons  or  rough  surfaces  that 
would  l)e  liable  to  damage  the  locks  or  any  part  of  the  canal. 

11.  No  boat,  barge,  raft,  or  an>^hing  shall  tie  up  in,  or  in  any  "way  obstruct^  th« 
canal  or  its  a]>proaches,  nor  delay  entering  or  leaving  the  locks,  except  by  pemiissioo 
of  proper  authority. 

12.  No  boat  shall  enter  the  canal  or  locks  whose  actual  draught  exceeds  the  least 
depth  of  water  in  the  channel  of  the  canal. 

13.  No  boat  shall  run  alongside  of  any  other  boat  so  as  to  wedge  in  the  canal,  nor 
shall  any  boat  attempt  to  pass  another  l»oat  when  within  800  feet  of  the  locks. 

14.  No  raft  or  boat  sliall  lie  brought  through  the  canal,  unless  acconi]>anied  by  a 
steamboat,  except  small  boats  controlled  by  sails  or  oars;  and  small  boats  usc^for 
private  purposes  shall  not  jmss  the  locks  except  by  permission. 

15.  No  one  shall  tresspass  upon  the  canal  proijerty  or  in  any  way  injure  the  canal,  the 
locks,  or  any  of  the  appendages. 

16.  No  one,  unless  authorized  by  the  superintendent  or  the  lock-master,  sliall  open 
or  close  any  gate  or  wicket,  or  in  any  way  interfere  with  the  emi>loy<58  in  the  disc*hai^ 
of  their  duties. 

17.  No  i)erson  shall  deposit  stone  or  material  of  any  kind  in  the  canal  or  locks,  and 
boats  passing  through  shall  not  deposit  the  ashes  or  cinders  from  their  furnaces  in  the 
canal  or  locks. 

18.  All  l)oats  approaching  the  locks  shall  signal  for  the  same  by  4  distinct  whintlf* 
of  short  duration,  and  shall  not  pass  the  point  indicated  by  a  sign-boa nl  until  the  lock- 
signal  is  given.  The  lock-signals  will  be:  For  entering,  one  whistle;  for  passing  out, 
three  short  whistles. 

Amos  Sticknky, 
Capt  of  Engineers^  Bvt,  Maj.,  U,  S.  A., 
In  charge  Dee  Moines  Bapida  Improrementt, 
UvTTED  States  Engineer's  Office, 

Keokukf  Iowa,  April  1,  1878. 
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Statement  of  ateamhoatSj  barges j  rafts^  ^'c.^  passed  through  the  Des  Moines  Rapids  Canal  from 

the  day  0/  opening,  August  22,  1877,  to  June  30,  1878. 


J 
1 

No. 
22 
83 

132 

70 
3 

50 
104 

82 
124 

• 
c 

It 

1 

No. 
11 

48 

144 

55 
10 
55 
100 
67 

Cargo. 

BaftA. 

t 

J 

No. 

40 

102 

147 

77 
4 

54 
113 

94 
184 

Month. 

General  mer- 
chandise. 

0 

7 
9 

8 
1 

1 

• 

i 

Remarka. 

Aniprnst 

September 

October 

Tons. 

Bush. 

Fefit 
7,500,000 
9,000,000 

8,000,000 

500,000 

No. 
1,000,000 

Ko. 
4,000,000 

CIo8e<1   eleven   daya  for 

repairs. 
CIo»e<l  foarteen  daya  fop 

repaira. 

November 

December  * 

........ 

March*  .... 

6,105 
16.  013 
18,641 
11,687 

96.547 
201,509 
273,  337 
166, 022 

* 

April 

May 

1 

2, 700, 000 

June 

Total.... 

670   548     53,346 

737,  415     26  25, 000, 000 

3,700,000|  4,000,000 

824 

*  Closed  fh)m  December  10  to  March  15  on  account  of  cessation  of  river  navigation. 

The  estimated  cost  of  this  work  as  now  being  carried  on,  given  in 
annual  report  of  Coi.  J.  N.  Macomb,  Cordis  of  Engineers,  U.  S.  A.,  for 
year  ending  June  30, 1877,  was : 

Amonnt  appropriated  up  to  Jnne  30,  1877 $4, 281, 000  00 

Auioinit  (estimated)  required  for  completing. 95,000  00 

To  this  umst  uow  be  added  for  office  expenses,  engineer- 
ing, «Scc.,  for  an  additional  year  rendered  necessary  by 
failnre  to  appropriate  the  amount  estimated 12, 000  00 

Total  cost  of  construction $4,388,000  00 

Cost  of  oi>erating  and  maintaining  canal  for  year  ending 

June  30,  1878 47,565,00 

Estimated  cost  of  operating  and  maintaining  canal  for  year 

ending  June  30,  1879 40,000  00 

Estimated  cost  of  operating  and  maintaining  canal  for  year 

ending  June  30, 1880 40,000  00 

127,565  00 


Total  amonnt  appropriated  and  to  be  appropriated  for  construction  of 

work  and  maintenance  for  three  years,  ending  June  30,  1880 4,515,565  00 

Total  amount  appropriated  up  to  June  30,  1878 4,383,500  00 

Amount  required  yet  to  be  appropriated 132,065  00 

Money  statement 

July  1,  1877,  amonnt  available $105,650  30 

Amonnt  appropriated  by  act  approved  April  30,  1878 7,J500  00 

Amount  appropriated  by  act  approved  June  18,  1878 95,000  00 

July  1,  1878,  amount  expended  during  fiscal  year 102, 861  15 

July  1,  1878,  outstanding  UabUities 5,328,65 


$208, 150  30 


108, 189  80 
July  1,  1878,  amount  available 99,960  50 


Amonnt  (estimated)  required  for  completion  of  existing  project,  viz: 
To  replace  ojierating  expenses  for  year  ending  June  30,  1878.    $40, 065  00 
To  replace  operating  expenses  for  year  ending  Jnne  30,  1879.      40, 000  00 
Additional 12,000  00 


92,065  00 


Amonnt  required  for  operating  and  maintenance  of  canal  for 
the  year,  ending  June  30,  1880 40,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  ^ ,  \^S^ .    Y^^^^R^  ^ 
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WATER-POWEE  AT  MOLINE,  ILLINOIS. 

Army  Building, 
Kew  Yorl'j  Jnne  13,  1877. 

Sir:  The  commission  designated  by  paragrapU  6  of  Special  Orders  No. 
72,  of  April  5,  1877,  issued  in  comj)liance  with  the  joint  resolution  of 
Congress  approved  March  3, 1877,  authorizing  the  Secretary  of  War  to 
appoint  a  commission  to  examine  into  the  matter  of  contracts  made  by 
and  between  the  United  States  and  the  Moline  Water-Power  Company 
as  to  the  water- j)ower  at  Moline,  111.,  having  perfonned  the  duty  above 
specified,  has  the  honor  to  submit  the  follo^nng  report  thereon: 

The  commission  first  met  in  Washington,  as  directed  in  the  order,  and 
after  examining  cerUiin  maps  and  documents  relating  to  contracts  be- 
tween the  United  States  and  the  Moline  Water-Power  Comi)any,  wliicli 
were  laid  before  it  by  the  acting  Chief  of  Ordnance,  and  an  informal  dis- 
cussion of  the  subject,  adjourned  to  meet  at  Rock  Ishind  Arsenal,  111.,  on 
May  4, 1877.  Meeting  at  the  arsenal  in  pursuance  of  this  adjournment, 
the  commission  continued  in  session  from  day  to  day  until  the  evening 
of  the  lOth  of  May,  during  which  time  all  the  contracts  and  \\\q  corre- 
si)ondence  upon  the  subject,  as  well  as  the  maps  and  plans  relating  to 
the  work,  were  thoroughly  examined,  the  works  themselves  visited,  and 
conferences  held  with  the  i)resident  of  the  Moline  Water-Power  Company 
and  several  of  the  prominent  manufacturers  and  mill-owners  interested 
in  the  water-power  improvement. 

The  history  of  the  development  of  the  water-power  at  Rock  Island  may 
l>e  briefly  stated  as  follows :  In  February,  1837,  the  legislature  of  Illinois 
granted  to  David  B.  Sears  and  associates  a  charter  to  build  a  dam  across 
the  "slough"  to  Rock  Island,  which  charter  was  extended  two  years 
later,  and  the  dam  was  built  in  1841--'42,  and  two  mills  put  up  on  the 
Moline  side.  This  water-i)ower  was  occui^ied  by  Sears  and  associates  for 
several  years,  but  in  1851  it  passed,  by  sheriff's  deeds,  to  Pitts,  Gilbert 
&  Pitts,  who,  in  1855,  organized  a  company  under  a  new  charter.  In 
1859  this  company  issued  a  quantity  of  bonds  to  parties  in  Syracuse,  X. 
Y.,  in  order  to  raise  money  for  repairs  and  improvement  of  their  works, 
which  not  being  paid,  the  proi)erty  i)assed,  by  sheriff's  deed,  in  April, 
18G4,  to  II.  K.  Whyte,  jr.,  who  held  as  trustee  for  himself  and  associates. 

The  question  of  the  use  by  the  government  of  the  water-power  which 
might  be  developed,  both  between  the  island  and  the  Moline  shore  and 
between  the  island  and  Benham's  Island,  as  a  motive-power  for  driving 
machinery  in  the  public  shops  to  be  expected  on  the  island  seems  to  have 
l^een  first  brought  np  prominently  in  November,  18G5,  as  appears  by  a 
letter  from  General  Roilman  to  the  Chief  of  Ordnance,  dated  the  7th  of 
that  month.  On  the  18th  of  the  same  month  General  Rodman,  in  a  let- 
ter to  P.  R.  Reed,  the  agent  of  the  then  water-power  comi)any,  presents 
certain  questions  looking  t4>ward  an  arrangement  by  which  the  United 
States  should  have  the  use  of  one-half  the  water-power  develoi)ed  by  the 
company's  dam. 

Previously  to  this  time  negotiations  had  been  entered  into  with  the 
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owners  of  the  water-power  by  Charles  AtkiiLson  and  assoeiate^  for  the 
pUTchBise  of  the  pniiiert3\  and  a  charter  wa^  obtained  by  them,  mnkr  tbe 
name  and  Ktjie  of  the  Moline  Water  Comjiany,  in  February.  1?^>:  bat 
the  eoniiKiny  does  not  seem  to  have  been  organized  and  the  propertr 
pnrehaised  until  Deeember  of  that  year,  and  aher  it  became  ki>i>wn  tkit 
there  was  a  jserifww  intention  entertained  of  nsdn*^  this  pow«*  for  driviii* 
the  machinery  in  the  government  shops. 

It  shwild  l>e  remembered  that  neither  this  nor  the  previous  eliart€r» 
did  or  could  give  any  legal  right  to  abut  a  dam  npon  the  island  o€  Birk 
Island,  or  to  use  the  west  half  of  the  slough  as  a  pooL  witboat  the  con- 
sent of  the  United  States  Government,  in  which  was  ve3>te<i  the  owner- 
whip  of  the  adjai.*ent  shore  of  the  island.  The  existence  of  the  water- 
I>ower  from  the  time  of  the  construction  of  the  first  dam  to  the  date  of 
the  signing  of  the  first  contract  with  the  government  in  184>7  wasde- 
I)endeut  uikju  the  pleasure  of  the  latter.  Hence  the  eontraet  is  to  be 
considered  as  a  necessary  preliminary  to  the  securing  by  the  company  of 
any  legal  right  to  a  water-[K)wer  practically  useful. 

The  Commission  apiKiinted  un<ler  the  acts  of  Congress  approved 
April  19,  IHIU,  and  June  27,  18^i,  consisting  of  Maj.  Gen.  J.  M.  Scho- 
field  and  3Iessi-s.  James  Biames  and  Selden  M.  Church,  to  ascertain  the 
true  value  of  the  land  on  Kock  Island  taken  possession  of  by  the  War 
Department,  and  the  compensation  due  each  claimant,  reported  under 
date  of  January'  24,  18(i7,  that  it  found  it  impracticable  to  determiLC  as 
a  sefmrate  cjuestion  the  damage  sustained  by  the  Moline  Water-Pow« 
Company  in  the  taking  i)08session  of  by  the  United  States  of  their  one- 
half  of  the  water-i>ower,  because  of  the  inseparable  character  of  the  joiot 
interest  of  the  United  States  and  the  comx)any;  but  recommended  fw 
adoption  by  the  War  Department  the  basis  of  an  agreement  i^ith  the 
company  which  they  presented  for  the  settlement  of  all  questions  pend- 
ing l>etween  that  comxiany  and  the  United  States.  The  only  conditions 
in  tliis  proiKised  agreement  which  have  relation  to  the  present  condition 
of  the  subject  are  as  follows : 

1.  The  Moline  Water-Power  Company  to  convey  to  the  United  States  the  fee  of  the 
entire  Moline  water-j>ower,  and  also  to  grant  to  the  United  Staten  the  nnn»triete<l  u* 
in  peq»etuitj',  without  charge,  of  »o  much  of  the  IkkI  of  the  river  not  ^already  belongiiyr 
to  the  Unit4*<l  Stat<*«  an  may  \ye  covereil  hy  the  pool  and  wall  neceanary  to  develop  tbe 
water-iKJwer,  and  ten  feet  outHide  of  said  wall,  together  with  the  right  of  access  theppt© 
from  tne  Illinois  shore  at  all  times  for  the  purpose  of  constructing  or  of  repairing  said 
wall. 

2.  The  government  to  develop  and  maintain  the  power,  so  far  as  it  can  be  done  with 
the  money  heretofore  apx>ropriated  and  that  which  may  hereafter  be  appropriate<l  by 
Congress  for  that  purpose?. 

3.  The  Moline  Water-Power  Company  to  have  the  use  in  perpetuity,  free  from  all 
charge  for  rent  or  repairs,  of  one-fourth  of  the  entire  water-power  developed,  and  also 
the  right  to  rent  for  a  siHjcified  time,  at  the  rate  of  tifty  ceuts  per  annum  per  sqiiarf 
inch  of  water-power,  measured  by  o]>enings  of  water-wheels,  so  much  additional  power 

as  the  Ordnance  Department  may  deem  expedient. 

•  •••••  • 

5.  Sixty  thousand  dollars  of  the  present  appropriation  to  be  applied  to  the  extension 
of  the  present  stone  dam  on  the  Moline  side,  and  $40,(K)0  to  the  extension  and  rejMiirB 
of  the  wing-dam  and  removal  of  such  deiwwits  as  may  be  required  for  the  extension  and 
repairs  of  said  wing-<lam.  The  use  of  the  present  water-i)ower  shall  not  be  unnecessa- 
rily olwtmcted  during  the  construction  of  the  projxwed  work,  nor  shall  any  rent  l»e 
required  until  the  improvement  contemplated  by  the  $100,000  appropriation  shall  have 

been  made. 

•  «••••  • 

By  joint  resolution  of  Congress,  approved  March  2, 1867,  the  Secretary 
of  War  was  autborized  and  empowered  to  carry  into  effect  the  rec*om- 
mendations  of  the  commission  above  referred  to,  "and  to  make  apphca- 
tion  for  that  pmpose  of  the  money  heretofore  ai>propriated  for  securing 
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wat^T-power  at  the  head  of  Eock  Island";  and  under  this  authority  a 
contract  was  entei-ed  into  by  the  Secretary  of  War  for  and  in  behalf  of 
the  United  States,  and  Mr.  Charles  Atkinson,  president,  for  and  in  be- 
half of  the  Moline  Water-Power  Company,  and  signed  l)y  them  on  the 
20th  August,  1867,  and  the  18th  June^  1867,  respectively. 

In  canying  this  contract  into  pi*actical  effect,  several  questions  arose 
regarding  the  construction  to  be  given  to  certain  points  ui)on  which  the 
parties  in  interest  were  not  agreed;  and  General  Rodman,  under  date 
of  August  5,  1868,  advised  that  the  views  of  the  commissioners  should 
be  obtained  as  to  the  true  intent  of  their  recommendation  in  relation  to 
the  points  referred  to. 

In  1869  a  change  of  plan  of  dam  was  proposed,  in  order  to  lessen  the  cost 
of  construction,  which  involved  the  excavation  of  a  canal  for  carrying  off 
the  tail- water  from  the  comi>any's  wheels,  said  canal  to  cross  the  lands 
of  the  comi>any ;  and  a  second  conti*act  was  entered  into  with  the  com- 
ymny,  by  which  the  land  needed  for  the  purpose  was  ceiled  to  the  United 
States.  This  contract  was  signed  by  the  Secretary  of  War  ''under  the 
authority  of  the  joint  resolution  of  Congress  approved  March  2,  1867.'' 
These  two  contracts  are  the  only  ones  between  the  United  States  and 
the  Moline  Water-Power  Company,  and  are  those  refeiTed  to  in  the 
joint  rei4olution  approved  March  3, 1877,  under  wliich  the  i>resent  com- 
mission was  appointed.  If,  therefore,  the  company  has  cause  to  com- 
plain, it  must  be  from  the  failure  of  the  United  States  to  carry  out 
certain  of  the  stipulations  embraced  in  one  or  both  of  these  contracts. 

The  particular  causes  of  complaint  as  presented  by  the  company  will 
be  found  in  the  communication  of  its  president,  dated  May  8, 1877. 
They  may  be  briefly  stated  as  follows : 

1.  That  the  government  has  not  constructed  the  wing-dam  as  under- 
stood and  agreetl. 

2.  It  has  not  excavated  the  channel  from  deep  water  into  the  pool  as 
was  proposed  to  be  done  as  a  substitute  for  the  long  wing-dam. 

3.  It  has  not  removed  the  deposits  existing  in  the  pool  at  the  time  of 
making  the  contract  of  April  8,  1869. 

4.  It  has  received  transfer,  and  taken  and  holds  x>osse8sion  of  the 
company's  property  without  performing  the  consideration  agreed  upon. 

5.  It  has  violated  the  condition  of  section  6  of  original  contract  by 
leaving  in  the  pool  a  part  of  the  bottom  of  the  coffer-dam,  and  in  the 
water- w  ay  at  mouth  of  the  canal  a  mass  of  stone  which  holds  back  the 
tail-water,  and  is  a  positive  detriment  to  the  i)ower. 

6.  It  has  failed  to  maintain  the  water-power  by  its  neglect  to  remove 
the  annual  accumulations  in  the  pool  since  the  execution  of  the  con- 
tracts, and  which  have  increased  to  an  extent  w^hich  threatens  at  no 
distant  day  to  make  the  entire  power  practically  worthless  for  a  con- 
siderable portion  of  the  year.  The  company  estimates  the  amount  of 
these  accumulations  at  from  133,000  to  150,000  cubic  yards. 

In  regard  to  the  first  of  the  foregoing  complaints,  it  appears  that  the 
only  obligation  incurred  by  the  United  States  is  contained  in  the  third 
stipulation  of  the  original  contract  and  the  fifth  recommendation  of  the 
Kock  Island  Commission,  by  which  $40,000,  or  so  much  thereof  as  the 
War  Department  may  consider  necessary,  was  to  be  applied  to  the  exten- 
sion and  repairs  of  the  wing-dam.  It  appears  from  the  statement  of  the 
conmianding  officer  at  Eock  Island,  that  the  money  actually  paid  out 
was  $28,874.72,  to  which  should  be  added  $26,458.62  for  stone  obtained 
from  the  excavation  on  Rock  Island  Rapids  improvement  and  charged 
at  the  same  price  as  was  paid  to  the  Moline  Water-Power  Company  for 
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similar  stone,  and  $800.93  fiM*  labor  of  enlisted  men  ;  making  a  total  <rf 
8.jC,144).:i7,  or  over  dlO,0(K)  more  than  wa«  8])ecified  in  the  agreement. 

A8  re^anln  the  second  complaint,  there  is  nothing  to  be  found  in  eitha 
of  the  eiMitracts  in  reference  to  the  excavation  of  the  channel  alluded  ta 
Hiu'li  a  cliannel  has  been  pro)>osed^  and  an  appropriation  therefor  a^ked 
of  Congress,  in  onler  to  bring  into  the  i>ool  tJie  amonnt  of  water  in  low 
stages  of  the  river  neede<l  for  the  fall  development  of  the  poijrer  required 
by  the  government,  including  that  to  which  the  companv  would  be  enti- 
tlWl. 

The  thiitl  complaint  seems  to  be  founded  on  the  thinl  stipalation  of 
the  contrac't  of  April  8,  1809,  which  x)rovide8  that  ^' the  United  States 
sliall  n^snme^  as  early  the  present  season  as  the  stage  of  water  will  per- 
mit, tlje  <levelopment  and  jirosecute  to  completion,  according  to  agree- 
ment, the  ui)i>er  jx^rtion  of  the  water-iwwer  and  the  removal  of  dejxisits 
in  the  imm)!.''    Tlie  only  reference  to  the  removal  of  dei>osits  is  found  in 
the  fifth  rwommendation  of  the  R<Krk  Island  Commission  (which  recom- 
mendations fonn  a  part  of  the  original  contract),  wherein  it  is.  provided 
that  84(),<MM)  sliall  l>e  ai)plied  "to  the  extension  and  repairs  of  the  win^- 
<lam  and  rc^moval  of  such  dei)osits  as  may  be  required  for  the  extension 
and  repairs  of  said  wing-dam.^    In  fact,  however,  it  ap]>ear8  from  the 
statement  of  the  commanding  officer  that  121,010  cubic  yards  of  deiKisit 
were  removed  from  the  i>ool  during  the  months  of  May  (the  date  of  the 
contract)  to  December  of  that  year. 

Tlie  fimi-th  complaint  being  of  a  general  nature,  will  be  considered 
further  on. 

As  reganls  the  fifth  complaint,  it  is  stated  by  the  commanding  officer 
in  his  communication  of  the  13th  June,  1877,  that  a  great  deal  of  atten 
tion  has  l)een  giv^en  to  the  removal  of  the  bottom  of  the  old  coffer-dam, 
and  that  he  is  satisfie<l  that  not  enough  remains  to  form  an  **  obstruc- 
tion" to  the  pool;  that  the  site  of  this  coffer-dam  is  in  a  deep  part  of 
the  pool  compare<l  with  the  depth  at  the  head,  and  that  the. water,  in 
the  lowest  stage  of  the  river,  stands  level  over  this  part  of  the  j>uol, 
which  it  would  not  do  if  there  were  an  obstruction  at  that  iK>int.  Ke- 
si>ecting  the  second  part  of  the  complaint^  the  commanding  officer  states 
that  the  canal  was  excavated  under  his  supervision,  and  that  a  mass  of 
stone  was  not  left  in  the  mouth  of  the  canal,  and  that  none  has  been  put 
there  since  its  completion. 

Tlie  sixth  allegecl  grievance  is  met  in  part  in  the  remarks  regardiii<r 
the  third,  w  here  it  is  stated  that  the  only  reference  to  the  removal  k 
deiK)Hits  was  to  l>e  found  in  the  fifth  reconunendation  of  the  Ito<^k  Island 
commission,  that  such  dei)osits  shall  be  removed  as  may  be  required  for 
the  extension  and  repaiix  of  the  w  ing-dam ;  the  cost  of  the  removal  to 
l>e  paid  out  of  the  84(),000  assigned  to  said  extension  and  repairs.  It  h 
undoubtedly  true  that  the  entrance  to  the  pool  is  now  so  obstructed  br 
the  accumulation  of  deposits  as  to  practically  keep  out  the  water  in  lov 
stages  of  the  river,  so  that  on  this  account  the  mills  are  then  withont 
power.  The  average  time  of  each  year  when  the  mills  are  without  sen* 
iceable  pow  er  wa.s  estimated  by  the  mill-owners  who  appeared  before  us. 
at  three  months,  and  three  months  with  half-power. 

There  are  fifteen  wheels  in  use,  affording  about  fif ry  horse-power  each, 
or  seven  hundred  and  fifty  in  all.  The  al>ove  estimate  of  the  time  diu*- 
ing  which  the  mills  are  without  sufficient  w^ater-power  would  seem  to  be 
much  exaggerated,  judging  from  the  record  of  the  daily  stages  of  water 
kept  by  the  Ordnance  Dei)ai'tment. 

Although  the  United  States  have  noW' here  8i>ecifically  agreed  to  remove 
the  deposits  in  the  pool,  except  as  stated  in  the  fifth  recommendation  (tf 
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tlie  Kock  Island  Commission,  and  in  tlie  contracts  of  1867  and  18G0, 
which  provide  for  the  "removal  of  such  deposits  as  may  be  required 
for  the  extension  and  repairs  of  the  wing-dam,"  a  removal  which  was 
fully  accomplished  long  since,  yet  it  appears  from  the  statement  of  the 
commanding  officer  that  there  was  actually  removed  between  January, 
18G9,  and  October,  1876,  the  large  amount  of  151,205  cubic  yards. 

The  fourth  complaint  charges,  in  a  general  way,  that  the  United 
States  has  received  transfer  and  holds  possession  of  the  company's  prop- 
erty without  performing  the  consideration  agreed  ui>on,  while  it  appears 
that  the  only  consideration  in  the  contracts  was  that  the  United  States 
should  apply  the  existing  appropriation  of  $100,000,  and  any  future 
appropriations  that  might  be  made,  to  the  development  and  maintenance 
of  the  water-power,  giving  to  the  company  one-fourth  the  power  so 
developed  free  of  cost,  with  the  privilege  of  taking  at  a  nominal  rent  an 
additional  amount  not  needed  by  the  government.  The  United  States 
has  actually  exx>ended  for  these  purposes  the  sum  of  $758,227.U1. 

From  what  has  been  stated  it  appears  that  the  specific  complaints  of 
the  Moline  Water-Power  Company  are  not  sustained,  with  the  possible 
exception  of  the  fifth.  It  is  presumable,  however,  that  the  company 
expected,  in  transferring  its  share  of  the  water-power  pri\ilege  in  ques- 
tion (one-half),  that  the  government  woidd  go  on  with  its  development 
to  the  extent  required  for  the  purposes  of  the  arsenal,  including  the 
removal  of  such  of  the  deposits  from  the  pool,  and  the  opening  of  a 
sufficient  channel  into  the  same,  to  secure  the  requisite  supply  of  water 
in  low  stages ;  and  it  is  natural,  perhaps,  that  disappointment  shoidd 
be  felt  that  this  expectation  has  not  been  fidly  realized.  All  this  will 
still  be  done  if,  as  is  presumed,  the  government  shall  use  the  water  as  a 
motive-power  lor  the  shops,  instead  of  steam.  The  dams  are  all  built, 
the  gates  are  in  place,  and  the  machinery  ready  for  setting  up.  The 
cost  of  this  power  will  be  only  nominal  as  against  at  least  $60  jjer 
horse-power  per  annum  for  steam ;  and  as  the  commanding  officer  esti- 
mates that  provision  should  be  made  for  at  least  two  thousand  horse- 
power for  government  purposes,  there  would  be  a  saving  of,  say,  $120,000 
per  annum  by  using  water  instead  of  steam  when  running  to  the  extent 
referred  to. 

Ee8i)ectfiilly  submitted. 

A.  A.  Humphreys, 
Brigadier-Oeneral  and  Chief  of  Engineers j  Bvt.  Maj,  Oen.j  U,  S.A. 

H.  G.  WBiaHT, 
Lieutenant- Colonel  of  Engineers j  Brevet  Major- General. 

Henby  L.  Abbot, 
Major  of  Engineers^  Brevet  Brigadier-Oeneral.     ' 

Hon.  Geoboe  W.  McCbaby, 

Seeretary  of  ^Yary  Washington^  D.  C. 
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AMTCTAL  EEPORT  OF  CAPTAIIN^  WM.  R.   KING,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1878. 

United  States  Engineer  Office, 

Chattanooga^  Tenn.y  Septe^nher  3,  1878. 

General  :  I.  have  the  honor  to  submit  annual  reports  on  the  works 
under  my  charge  for  the  fiscal  year  ending  June  30,  1878. 
Very  respectfully,  your  obedient  servant, 

W.  R.  King, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EngineerSy  U.  S.  A, 


Captain  of  Engineers. 


S  I. 

improvement  of  TENNESSEE  RIVER. 
ABOVE  CHATTANOOGA* 

As  no  appropriation  wafi  made  for  this  work  for  the  fiscal  year  1876 
and  1877,  it  has  remained  suspended  during  the  year,  and  such  of  the 
boats  and  tools  as  could  not  be  used  to  advantage  on  other  works  have 
been  laid  up  in  charge  of  watchmen. 

When  the  appropriation  of  June  18, 1878,  became  available,  steps  were 
taken  to  reorganize  working  parties,  rebuild  boats,  and  supply  the  neces- 
sarv  outfit  of  tools  and  supplies  for  a  vigorous  prosecution  of  the  work 
at  Chota  Shoals  and  other  points  below  Knoxville,  and  it  is  hoped  that 
before  the  end  of  the  present  low-water  season  considerable  work  will  be 
done. 

The  necessity  of  this  work  has  been  set  forth  in  former  reports,  and  I 
will  therefore  simply  recapitulate  some  of  the  facts  showing  the  nature 
and  importance  of  the  improvement. 

During  the  greater  part  of  the  year  the  river  from  Knoxville  to  Chat- 
tanooga, in  fact  to  Decatur,  Ala.,  a  distance  of  363  miles,  is  navigable 
by  steamers  drawing  from  2^  to  3  feet  of  water,  and  some  10  boats  of 
from  30  to  260  tons  capacity  have  been  engaged  in  this  trade  during  the 
past  year.  When  the  water  becomes  low,  obstructions  are  met  with 
at  various  points;  but  most  of  them  as  far  up  as  Loudon,  Tenn.,  and 
some  above  that  place  have  been  improved  so  as  to  become  compara- 
tively small  obstructions.  It  is  proposed  to  continue  work  on  these  ob- 
structions as  far  as  Knox\ille,  and  to  still  further  improve  and  finish  up 
some  of  the  works  below  Loudon. 

The  improvements  generally  consist  in  building  stone  dams  and  ex- 
cavating rock  and  gravel  from  the  channel,  to  give  increased  depth  of 
water  across  the  reefs  and  shoals.    The  river  bed  and  banks  are  ex- 
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rjki^ji  - 


Tr:^  rwT.nl  ot  th^  nv*^r-x*n.-*-  kr-pt  at  th^  Muffs  n€ar  this  «ry  wiZ  be 

Th^  e-t;riiijr^  of  f-»>^t  I'f  iiiiprvvii.^  thr  T^nnesj^fe  River  aN^ve  iTaar- 
t^Ti*0f'^H  w^i-*  on^'inallj  a^K^nrn*-*!  to  fje  *l7*»j»»l.  Thi'*  h^^  •y€  oe^r^svTT 
li*-*-!!  uj'r*<±^^\  hy  th*-  r-»iri»trn«-t>»ri  of  ;vM:ri«»iiiil  <iain>  at  v^kri«»a>  r«'Ci:< 
and  ftUif-T  f'*funu'^ji*\t^^  a«  f^xi^Liined  Ny  Maj»jr  MeFaziaiid  in  Ec^»j€t 
of  rlti-  i  hii'f  of  tij;^^!!^^!^,  1^74.  jRiire  oTX 

T]j»-rH  li;!-*  li^^n  aj.j'rrri.riari-d  f«^r  tkLs  work  §1.S)J)00.  Of  this  an^^onl. 
fi\i'A.*.rs^j<j  have  lietrD  exji^rntlt^L 

Money  gf^tememt, 

.h/.y  I.  I-CT.  arn^'Tnt  3vriil.i>.> „ fl*^  *? 

Aii.oufjt  ^i»i.r»»|»n.i£r«i  l»v  a»:t  aj'pTTfved  Jane  l*,  ItT"?. ..........  15. <>*»  •>» 

$15..  l*yZ  2S 

Jn!y  1.  l-'?-.  »Tr.f>nut  fnr^tt-nfl^l  dnrin^  fi«cai  year . ^  II 

July  I,  1-7%  ontj»fawiin^  liarnlitit*  .... . ....... ......  71  17 

1^2? 

Jnly  1,  I'C-*,  aifionnt  availaMe...-. 15.««A*  # 

Affionnt  f^-wtirnat*^)  rwjniir^l  fr/r  enrnpl^-tion  of  exiistinz  pmject ..     4S.i»*  ♦t 

Aifiouiit  th^kl  can  In:  protitaoiy  exfx-iifi*^!  in  tiAC-al  vear ending  Jai^^L'^  IdSD..     3S, UUM  # 

BELOW  chatta:^ooga- 

Work  on  thi.s  part  of  the  river  has  been  contmned  dnrin^r  the  vear, 
and,  notwith.Htandiijg  vexatious  delays,  incident  to  the  eoDtraet  system, 
and  to  bail  weather,  sieknesK,  &c,  fair  pro«rress  has  been  made. 

Tlie  work  will  l>e  considered  in  five  divisions,  as  follows,  the  first  three 
of  these  constituting  what  is  known  as  the  Great  Mosde  ^loals  obstmc- 
tion. 

A. — ELK  BIYEB  SHOALS. 

Further  examination  confirms  the  opinion  expressed  in  the  last  report, 
that  this  obstruction  can  be  overcome  at  a  much  less  cost  than  originally 
estimated,  and  as  soon  as  the  new  appropriation  was  available  an  outfit 
of  Ixjats,  tools^  and  supx)lies  was  procured  for  a  large  force  of  workmen, 
authority  ha\ing  been  obtained  to  do  the  work  by  hired  labor. 

The  work  is  now  making  good  progress.  Boats  and  cabins  for  the 
men  are  being  built,  and  a  temporary  dam  2,000  feet  long  has  been  built 
from  the  sr>uth  shore  to  Brown's  Island,  which  will  enable  the  excava- 
tion of  reefs  in  the  channel  at  the  head  of  the  shoals  to  be  carried  on  to 
goo<l  a^lvantage,  as  has  been  done  at  Little  Muscle  Shoals  under  similar 
conditions.  Mr.  Samuel  Whinery,  Assistant-Engineer,  is  in  local  charge 
of  this  work,  and  is  pushing  it  with  energy. 
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Xo  1.— MuscLB  Skoals  Cakal.— April,  ISTS. 
Lock  No.  a. 


Ho.  2.— Mdbclb  Shoau  Canal.— April,  liJTft 
Lock  No.  8. 


No.  3. — McscLK  Shoals  Canal. — April,  1878. 
Lock  No.  4. 


{ 


No.  4.— MuBCLB  Shoals  Canal,— Apbil,  1S78. 
Excavation  Tor  Lock  No.  6. 


5. — MuBCLK  Shoals  Caval. — ApbiIt  1978. 
Excavation  for  Lock  No>  T< 


t<.— Muscle  Shoals  Canal.— Apbil,  ISTS. 
Excavation  for  LocIe  No.  8. 


Ko.  7,— MoscLK  Shoals  Cakal.— April,  ISTS. 
Temporarr  Dam  a(  Lltlle  IHuBcle  Shoals. 


No.  8,— MuscLB  Shoals  Canal.— Aprii,  1878. 
Ezcavallni  Reel  In  Channel  at  Little  Uluscle  Shoal*. 
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B.— MUSCLE  SHOALS  CANAL,  "BIG  MUSCLE  SHOALS." 

This  work  has  been  contiaued  under  two  contractors,  with  the  follow- 
ing results : 


Gontracton. 


George  Williams . . 
Goorpe  Williams . . 
George  Williaiu« . . 


8.  N.  KimbaU 
S.  N.  KimbaU 
S.  N.  Kimball 
S.  N.  Kimball 
S.  N.  Kimball 

Total... 


2 
3 
4 


6 

7 

8 

9 

10 


8 

O 

OS 
Q 


1876. 
Oct.    14 
Mar.  31 
Mar.  31 

1877. 
Sept  25 
S«'pt  25 
Sept  25 
Sept  25 
Sept  25 


Excavation,  cable  yards. 


101 

340 

1,387 


1«833 

4.924 

2,902 

735 


g 
S 


11 

1,680 


800 


12,282  |2,491 


516 
6 


3 

2,460 
2,414 
360 


5, 759 


s 


007 
414 


981 
1.085 


1,644 


5,031 


i 


.d 


1,137 
9.793 
6,810 


Masonry,  cubic  yards. 


c5 

a 

0 


1,341 
2,163 
2,083 


47 


133 


o 


1.610 
2.796 
1,005 


756 
5 


17,740  5,634 


133  6,262 


s 

6 


-a 

I 

o 
5c 


101 


80 
329 
228 


101 


637 


Tlie  contracts  cover  the  removal  of  fourteen  old  locks  and  the  excava- 
tion of  foundation-pits,  fiirnishing  materials  for  and  the  building  of  the 
masonry  of  eight  locks  300  feet  long,  60  feet  wide,  and  from  5  to  12  feet 
lift,  the  walls  being  of  hea\^  cut  stone  and  rubble  masonry  laid  in  hy- 
draulic cement  and  founded  upon  solid  rock.  At  the  end  of  the  year 
three  of  tliese  locks,  Kos.  2,  3,  and  4,  had  been  completed,  the  founda- 
tion-pits of  two  others  had  been  excavated  and  the  masonry  commenced, 
while  a  quantity  of  stone  had  been  quarried  and  cut,  and  the  excavation 
commenced  for  two  more. 

Mr.  KimbalPs  contract  was  to  have  been  completed  on  the  30th  of 
June,  1878 ;  but  he  has  applied  for  an  extension  of  one  3  ear,  six  months 
of  which  has  been  granted,  but  it  is  not  probable  that  he  will  complete 
his  contract  in  that  time. 

It  was  decided  to  start  two  large  forces  of  hired  laborers  at  work  on 
the  repair  and  enlargement  of  the  canal-trunk,  and  they  are  now  mak- 
ing excellent  progress. 

C. — LITTLE  MUSCLE  SHOALS. 

Tliis  work  has  been  carried  on  by  hired  labor,  and  has  made  excellent 
progress. 

A  temporary  dam,  1,400  feet  long,  was  placed  across  the  channel  to  be 
improved,  and  the  work  of  excavation  was  commenced  last  winter  be- 
fore the  flood  season,  and  was  renewed  in  the  spring  as  soon  as  the  stage 
of  the  water  woidd  permit,  the  interval  of  high  water  being  employed  in 
quarrying  rock  for  dams. 

The  following  is  a  statement  of  the  quantities  of  rock  quarried  and  of 
rock  excavated  from  the  channel : 

Cubic  yards. 

Rock  quarried  for  dams 14,829 

Bock  excavated  from  channel 8,038 

The  average  cost  to  the  government  of  rock  quarried  was  97  J  cents  per 
cubic  yard,  and  for  rock  excavated  from  channel  81.94  i^er  cubic  y^^^'t 
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which  will  compare  favorably  with  the  cost  of  any  familar  wort  in  this 
\iciijity,  whether  done  by  contract  or  by  hired  labor.  In  aclditi«>n  to  the 
direcrt  work  of  improvement,  a  larjre  amount  of  work  was  done  in  haM- 
in^  and  fitting  up  boats  and  derricks  and  in  building  teoi|H»rary  quar- 
ters for  the  men.  >Ir.  J.  E.  Willard,  assistant  engineer,  ha<>  lieen  in 
local  charge  of  thi^  work  and  of  that  at  Colbert  Sherds  during  the  ytar. 

D. — COLBERT  SHOALS. 

Work  was  resumed  on  this  obstruction  in  July,  1877,  and  eantiniKd 
until  November,  1877,  when  it  was  siL<pended  on  aeeoont  of  high  wat^er. 

The  work  done  consisted  in  rock  excavation  at  Canton  Reef  and  other 
]K>ints,  and  the  repair  and  extension  of  certain  parts  of  the  stone  dam^ 
The  quautitie*  were  as  follows : 


R(K'k  excavation  .... ........ ...      STi 

Bock  put  in  dams S.il!S 

The  general  effect  of  this  season's  work  has  been  to  increase  by  severrf 
inches  tlie  available  depth  of  water,  and  has  reduced  this  obstroetioD  to 
one  of  secondary-  importance,  as  is  indicated  by  the  &ct  that  pilots  now 
complain  of  ol>8tructions  at  other  ]K>ints,  whereas  until  last  seancMi's  work 
was  begun  this  was  considered  the  most  formidable  obstacle  to  naviir^ 
tion  beU> w  Florence.  A  small  amount  of  work  remains  to  be  done,  wh^fa 
it  is  hoi>e*l  can  be  completed  diuing  tlie  present  low  water  sea^son :  and 
when  this  is  done  the  formidable  obstruction  of  Colbert  Shoals  will  be 
as  nearl}'  overcome  as  practicable  without  resorting  to  locks  and  dams. 

£. — ^DUCK  RIYEB  SHOALS. 

This  obstruction  was  surveyed  in  1875,  but  no  work  has  been  done  <m 
it,  as  the  appropriations  have  been  too  small  to  justify  the  withdrawal 
of  funds  from  the  more  important  improvements  on  the  Lower  Tenness^. 
The  last  appropriation  bill,  however,  containing  an  item  of  $15,000  for 
this  work,  arrangements  are  being  made  to  put  a  force  at  work  on  these 
obstructions  as  soon  as  the  necessary  tools  and  appliances  can  be  spared 
from  Little  Muscle  and  Colbert  Shoals. 

The  Tennessee  River  i«  in  the  colleetion-distriet  of  New  Orleans.  The  neamit  port 
of  entr>'  in  New  Orleanii.  The  amount  of  revenue  coUec-ted  at  that  port  is  not  known 
to  me. 

The  original  estimate  of  the  cost  of  improving  the  Tennessee  River 
below  Chattanooga  was  $4,133,000.  From  18G8  to  1878  the  sum  of 
$l,:i3.i,0(X)  has  been  appropiiatetl.  At  the  close  of  the  fiscal  year  ^17,- 
472.50  of  this  amount  had  been  exx)endecL 

As  stated  in  my  last  report,  it  is  not  probable  that  the  entire  amoont 
of  the  original  estimate  will  ever  be  re^iuired.  During  the  present  year 
it  is  expected  that  the  work  will  be  in  such  a  condition  that  a  revised 
estimate  can  be  made  of  the  amount  necessary  to  complete  the  work, 
and  there  is  everj-  reason  to  believe  that  this  amount  will  be  very  much 
below  the  original  estimate. 

M&ney  statement 

July  1,  1877,  amount  available $431,670  96 

Amount  appropriated  by  act  approved  June  18,  1878 300, 0(K)  00 

$731,670  96 

July  1, 1878,  amount  expended  during  fiscal  year 213, 643  46 

July  1, 1878,  outstanding  liabilities 20,059  58 

233,708  01 

July  1, 1878,  amount  available 497,967  92 

Amount  (estimated)  required  for  completion  of  existing  project 2, 797, 5O0  00 

Amount  that  can  he  pto&tahl^-  ex^nded  in  tiscal  year  ending  Jane  30, 1880.      700, 000  00 
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S  2. 

IMPROVEMENT  OF  CUMBERLAND  RIVER. 

This  work  has  been  continued  under  the  immediate  charge  of  Capt. 
L.  C.  Overman,  Corps  of  Engineers,  by  the  hired-labor  system. 

The  available  working  season  was  very  much  shortened  by  the  ex- 
haustion of  the  appropriation,  which  occurred  in  October,  1877,  when 
the  boats  and  other  property  were  laid  up  in  charge  of  watchmen. 

The  importance  of  the  improvement  of  the  Cumberland  Eiver  has 
been  set  forth  in  former  reports.  There  are  about  fourteen  steamers 
engaged  in  commerce  on  the  Cumberland,  with  an  average  capacity  of 
about  320  tons.  From  Point  Bumside  to  the  mouth  oi  the  river  there 
are  some  550  miles  of  navigable  water;  the  object  of  the  improvement 
being  to  deepen  the  low- water  channel  at  the  shoals,  and  thus  increase 
the  length  of  the  season  of  navigation. 

The  Cumberland  Eiver  has  been  divided  by  the  appropriation  acts 
into  five  sections,  viz: 

1.  Below  NashviUe. 

2.  From  Nashville  to  the  Kentucky  line. 

3.  From  Kentucky  line  to  Smith's  Shoals. 

4.  Smith's  Shoals. 

5.  From  Smith's  Shoals  to  Falls  of  the  Cumberland. 

I. — BELOW  NASHVILLE. 

Xo  appropriation  having  been  made  for  this  section  in  the  act  of  Au- 
gust, 1876,  no  work  was  done  on  it  during  the  year,  but  such  of  the 
boats  and  tools  as  could  be  used  to  advantage  on  the  river  above  Nash- 
ville were  utilized  for  that  purpose. 

As  soon  as  the  appropriation  of  1878  was  available,  working  parties 
were  organized  and  supplied  with  boats  and  tools  for  resuming  work  at 
Harpeth  and  Dover  shoals,  and  other  points  between  Xashville  and  the 
mouth  of  the  river. 

The  original  estimate  of  cost  of  improving  Cumberland  Eiver  below 
Nashville  was  $248,821.  The  sum  of  $145,000  has  been  appropriated, 
and  $99,991.37  expended  at  the  close  of  the  fiscal  year. 

Money  statement 

July  1,  1877,  amount  available |336  63 

Amount  appropriated  by  act  approved  June  18,  1878 45, 000  00 

|45, 336  63 

July  1,  1878,  amount  expended  during  fiscal  year 328  00 

July  1,  1878,  amount  available 45,008  63 

Amount  (estimated)  required  for  completion  of  existing  project 103, 821  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      70, 000  00 

n. — ^ABOVE  NASHVILLE. 

Work  was  in  progress  npon  the  four  sections  above  Kashville  at  the 
beginning  of  the  fiscal  year,  and  was  continued  until  the  available  funds 
were  expended,  with  the  exception  of  a  small  balance  necessary  for  the 
care  of  the  boats  and  other  property  pertaining  to  the  work. 
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The  work  done  on  the  different  sections  was  as  follows : 

1. — XASHVILLE  TO    THE   KE>'TrCKY  UXE. 

At  SandShoiiln: 
300  cnliic  yards  of  rock  were  excavated  from  the  channel  and  placed  in  two  snaE 

At  Cub  Creek  Shoak: 
1,  Vff>  cnhic  vard.H  of  8tone  dams  bnilt. 

1<H  cubic  yanLs  of  rwk  excavated  from  channel. 
1, 0<Hi  cnliic  yarfls  of  ^fravel  excavated  from  channel. 
13  lojfs  and  overhanging  trees  removed- 

At  Bartlett's  Bar: 
307  cubic  yanbi  of  stone  qnarried  for  dams. 
417  cubic  vanb*  of  dam  built. 

At  Holliman's  Island  Shoals: 
2, 100  cubic  yards  of  gravel  excavated  from  channel. 

A  Steamer  was  employed  fifteen  days  in  scraping  bars  on  this  sectioiL 
Twenty  sna^s,  averaging  40  feet  long  by  2  J  feet  in  diameter,  were  re 

moved,  and  58  overhanging  trees,  averaging  40  feet  long  by  2  feet  in 

diameter,  cut  down  by  snag-boat. 
Work  was  suspended  on  this  section  August  6, 1877. 

Money  statement 

July  l,1877,amonnt  available $7,1^  27 

Auiount  appropriated  by  act  approved  June  18, 1878 20, 000  00 

$27,  li?2  2r 

July  1, 1878,  amount  exi)euded  during  fiscal  year - 7,174  46 

July  1, 1878,  amount  available 20,007  81 

Amount  (estimate<l)  required  for  completion  of  existing  project..-. 87,1*5  00 

Auiouut  that  can  be  profitably  exiieiided  in  fiscal  year  ending  June  30, 1880 .       60, 000  00 

2. — KENTUCKY  LDTE  TO   SMITH'S  SHOALS. 

At  Wild  Goose  Shoals : 
220  cubic  yards  of  rock  quarried  for  dams. 
258  cubic  yards  of  rock  excavated  from  channel. 
3,  ^M)0  cubic  yards  of  p-avel  excavated  fi"om  channel. 
780  cubic  yards  of  dam  constructed. 

Tliree  hundred  and  fifty  snags  and  overhanging  trees,  from  10  to  40 
feet  long  and  from  1  to  3  feet  in  cliameter,  were  remored  by  the  snag-boat 
Work  was  suspended  on  this  section  October  6, 1877. 

Money  statement. 

July  1,1877,  amount  available $8,752  20 

Aiuount  appropriated  by  act  ai)i)roved  June  18, 1878 8, 000  00 

$16,752  20 

July  1, 1878,  amount  expended  during  fiscal  year 8,741  ^) 

July  1,1878,  amount  available 8,010  90 

Amount  (estimated)  required  for  completion  of  existing  project 73, 609  'W 

Amount  that  can  be  profitably  exi)ended  in  fiscal  year  ending  June  30, 1880 .      50, 000  OO 

3. — smith's  SHOALS. 

At  Long  Shoal : 
1,620  cubic  yards  of  stone  quarried  for  dams. 
b,550  cubic  yards  of  stone  placed  in  dams. 

At  Mill  Shoal : 
1,050  cubic  yards  of  stone  excavated  fix)m  channel  and  placed  in  dams. 
950  cubic  yards  of  dam  constnicted. 

Work  suspended  on  this  section  September  18, 1877. 
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Money  statement 

July  1,  1877,  amount  available |17,572  89 

Amount  appropriated  by  act  approved  June  18, 1878 30, 000  00 

$47,572  89 

July  1, 1878,  amount  exi)ended  during  fiscal  year 17,625  52 

July  1, 1878,  amount  available 29,947  37 

Amount  (estimated)  required  for  completion  of  existing  project 15, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      15, 000  00 

4. — smith's  shoals  to  the  falls  op  the  CUMBERLAND. 

On  this  section  1,650  cubic  yards  of  rock,  consisting  of  dangerous 
bowlders,  &c.,  were  removed  from  channel. 
Work  was  suspended  August  19, 1877. 

Money  statement. 

July  1,1877,  amount  available $2,000  00 

Amount  appropriated  by  act  approved  June  18, 1878 2, 000  00 

$4, 000  00 

July  1, 1878,  amount  expended  during  fiscal  year 1,978  68 

July  1, 1878,  amount  available 2,021  32 

The  estimates  of  cost  of  improving  Cumberland  Eiver,  above  Kashville, 
amount  to  $283,764.  The  sum  of  $112,000  has  been  appropriated,  and 
of  this  amount  $52,012.00  had.  been  expended  at  the  close  of  the  fiscal 
year. 

This  work  is  in  the  collection-district  of  New  Orleans.  The  amount  of  revenue  col- 
lected at  the  nearest  port  of  entry  is  unknown  to  me. 


S3. 
IMPROVEMENT  OF  HIAWASSEE  RIVER. 

The  good  progress  reported  at  the  end  of  last  fiscal  year  was  continued 
until  the  1st  of  October,  1877,  when,  the  funds  being  nearly  expended,  the 
work  was  closed  for  the  season  and  the  proi)erty  placed  in  charge  of 
watchmen. 

Mr.  John  S.  Crary,  assistant  engineer,  has  continued  in  charge  of  the 
work,  and  the  results  obtained  have  been  highly  satisfactory  as  to  cost, 
amount,  and  character  of  the  work. 

The  following  are  the  princii)al  items  of  work  done  during  the  year: 

403  cubic  yards  of  rock  and  gravel  excavated  from  channel. 
879  cubic  yards  of  rock  quarried  for  dams. 
2,784  cubic  yards  of  rock  placed  in  dams. 

Also  a  number  of  logs,  snags,  bowlders,  and  a  large  quantity  of  drift- 
wood were  removed  from  the  cliannel. 

This  work  was  done  principally  at  Mathews'  Shoals,  Magil's  Island 
Shoals,  and  Towhead.  and  at  Blackbird  Shoals. 

The  south  dam,  270  feet  long,  at  Mathews'  Shoals,  is  completed. 

Work  was  resumed  as  soon  as  the  appropriation  of  June  18  was  avail- 
able, and  is  now  making  good  progress. 

Although  the  season's  work  is  not  far  enough  advanced  to  form  a  defi- 
nite judgment  on  the  subject,  it  is  not  probable  that  the  present  appro- 
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priation,  which  exhausts  the  ori^al  estimate,  wOl  complete  all  that  it  is 
desirable  to  do  on  the  Hiawassee  up  to  Savannsdi  Ford. 

The  reason  why  the  original  estimate  will  probably  prove  too  small 
may  be  attributed  to  the  facts  that  the  work  is  being  done  in  the  most 
thorough  and  substantial  manner,  and  that  some  of  the  rock  enconntered 
proves  to  be  of  the  most  refractory  kind,  which  greatly  increases  the  cost 
of  excavation. 

From  the  best  information  at  present  available,  it  is  probable  that  at 
least  $10,000  more  will  be  reciuired  to  complete  the  work,  and  that  amount 
is  accordingly  recommended. 

The  obstructions  on  this  river  are  of  the  same  general  character  as 
those  on  the  Upper  Tennessee,  and  the  regimen  of  the  river  is  equally 
I)ermanent.  The  improvements  will,  therefore,  be  permanent  when  com- 
pleted, and  the  results  show  that  they  will  secure  the  additional  depth 
recjuired  to  make  a  low  water  channel  from  2^  to  3  feet  deep  at  the  shoal- 
est  places. 

The  original  efltiniate  for  improving  the  Hiawa^see  from  Savannah  Ford 

to  the  Tennessee  River  is |SO,(W)  O) 

Amoiinta  appropriated 20,000  W 

Amoout  ex(>euded  .....^ 9, 959  96 

Money  statement 

Jnly  1, 1877,  amonnt  available $9,718  80 

Anionnt  apiiropriated  by  act  approved  Jnne  18,  1878 10, 000  00 

$19,718  8} 

July  1,  1878,  amount  expended  doling  fiscal  year 9,678  73 

July  1,  1878,  amount  available 10,04006 

Amount  (eMtiraated)  required  for  completion  of  existing  project  -. .       10, 000  •■) 

Amount  that  can  be  profitably  expended  in  fiiiical  year  ending  June  30, 1880.       10, 000  Al 


S4. 

IMPROVE\IENT  OF  COOSA  RIVER,  GEORGIA  AND  ALABAMA. 

At  the  beginning  of  the  fiscal  year  work  had  been  started  at  Horeeleg 
Shoals,  near  Rome,  and  preparations  were  being  made  to  commence  at 
other  obstructions  between  that  point  and  Greensport 

The  work  was  under  the  immediate  direction  of  Lieut.  W.  L.  Marshall, 
Corps  of  Engineers. 

In  addition  to  the  labor  of  building  derrick  and  quarter-boats,  &c.,  the 
following  work  was  done  during  the  year : 

1.  Horselcg  Shoals : 

About  354  cubic  yards  of  rock  excavated  firom  channel. 

About  370  linear  feet  of  riprap  dams  built. 

About  568  liuear  feet  of  rock  and  gravel  dams  rebuilt. 

About  1,100  linear  feet  of  crib-dams  built. 

A  large  quantity  of  rock  quarried  for  dams. 

2.  Turkeytown  Island : 

About  100  cubic  yards  of  rock  excavated  from  channel. 
About  980  cubic  yards  of  riprap  dams  built ;  3  snags  removed. 

3.  Copperas  Blufis: 

About  341  cubic  yards  of  rock  excavated  from  channel. 

4.  Cross  Shoals : 

About  225  cubic  yards  of  rock  and  gravel  excavated  from  channel. 
About  225  cubic  j'ards  of  rock  and  gravel  placed  in  dams. 
About  150  linear  feet  of  riprap  dams  built ;  12  snags  removed. 
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5.  Greensport  Reefs : 

About  581  cubic  yards  of  rock  and  gravel  excavated  from  channel ;  12  snags  removed. 

6.  Mill  Shoals : 

About  78  cubic  yards  of  rock  excavated  from  channel. 

About  425  linear  feet  of  crib-dams  built. 

About  3()0  linear  feet  of  brush  and  gravel  dams  built. 

About  362  cubic  yards  of  rock  quarried  for  dams ;  2  snags  removed. 

At  Whistenaiit's  Mill  Shoals  and.  Ten  Island  Shoals,  which  are  the 
most  formidable  ones  between  Eome  and  the  Selma,  Kome  and  Dalton 
liailroad  bridge,  it  was  found  necessary  to  make  a  careful  surv^ey  \iith 
a  view  to  deciding  and  locating  the  necessary  works  of  improvement. 
Lieut.  W.  L.  Marshall's  report  on  this  survey  is  appended,  and  the  plan 
proposed  for  the  improvement  consists  of  two  dams  to  give  the  neces- 
sary depth  of  water,  and  three  locks  to  furnish  a  means  of  communica- 
tion between  the  different  water-levels  thus  established.  The  i)lans  and 
specifications  of  these  locks  having  been  completed,  authority  will  be 
asked  to  place  two  of  them  under  contract  at  once.  When  these  obstnic- 
tions  are  overcome  there  will  be  a  practicable  water-line  of  communica- 
tion between  Eome,  Ga.,  and  the  coal-fields  of  Saint  Clair  County, 
Alabama. 

Work  closed  on  account  of  high- water  in  November,  1877,  and  was 
resumed  again  in  June,  1878. 

The  original  estimates  of  the  cost  of  improving  the  Coosa  River  are $552,  347  00 

Amount  appropriated 105,  000  00 

Amount  expended 16,150  67 

Money  statement, 

July  1,  1877,  amount  available $29,760  59 

Amount  apiiropriated  by  act  api)roved  June  18,  1878 75,  000  00 

$104, 760  59 

July  1,  1878,  amount  expended  during  fiscal  year 15, 911  26 

July  1,  1878,  outstanding  Habilities 1,805  74 

17, 717  00 

July  1,  1878,  amount  available 87,  043  59 

Amount  (estimated)  required  for  completion  of  existing  project 447,  tM7  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1880.     150,  000  00 


report  of  lieutenant  w.  l.  marshall,  corps  of  engineers. 

United  States  Engineer  Office, 

Rome,  Ga.,  July  9,  1878. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  results  of  a  resurvey  of 
Whistenant^s  and  Ten  Islands  Shoals,  Coosa  River,  Alabama,  made  during  the  latter 
part  of  May  and  first  part  of  June,  1878,  by  Mr.  R.  C.  McCallfi,  assistant  engineer,  and 
Air.  Edward  Mead.  Mr.  McCalla  would  have  prepared  the  report  had  it  not  been  that 
his  services  have  been  constantly  required  with  the  parties  now  at  work  upon  the 
river.  The  survey  was  directed  to  the  examination  of  definite  lines  selected  by  myself 
after  a  close  reconnaissance  of  the  obstructions,  which  accounts  for  the  want  of  data 
upon  the  maps  along  the  left  or  east  bank  of  the  stream. 

The  obstructions  in  question  extend  from  about  one-half  mile  below  Greensport.  Ala., 
to  the  focit  of  Wood's  Island,  or  for  about  5  miles,  in  which  distance  the  total  mil  in 
the  water's  surface  is  24.01  feet,  of  which  5.9  feet  in  3,000  feet,  or  5.56  feet  in  2,500  feet, 
occurs  at  Whistenant's  Shoals,  and  17.77  feet  on  Ten  Islands  Shoals,  in  a  horizontal 
distance  of  2.6  miles,  16.26  feet  of  which  latter  fall  is  in  less  than  2  miles. 

At  Whistenant's  Shoals  the  river  suddenly  widens,  from  about  600  feet  to  about  twice 
that  width,  and  falls  over  three  distinct  series  of  sandstone  reefs,  which  extend  entirely 
across  the  river,  with  the  exception  of  a  narrow  flat-l>oat  channel  near  the  left  bank, 
tlirough  which  the  water  pours  with  great  velocity  and  violence.  At  the  foot  of  this 
chute  is  a  gravel-bar,  which  extends  downstream  against  that  bank  for  a  distance  of 
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of  2.28  feet  in  140  feet.  On  the  left  aide  tbe  reef  in  very  wide,  and  the  tie 
gnxlual,  tlio  reef  Bj)readin);  out  into  n  liroad  collection  n{  thinner  if  eft  an 
ttlnlia  of  MuidstoDe ;  from  tliu  fuot  of  McConuel'tt  Bnr  to  the  h«a<l  nf  WoihI'h 
water  flowa  over  a  auccewion  of  anudiitone  ruefit,  with  no  very  abrupt  fulld 
varyitiK  in  dejith  from  a  few  ini'hea  on  the  rcefit  and  rorlin  to  A-um  S  to  3  fe- 
them,  in  holeii  and  imcketx.  It  <ti  difBcult  to  nAvigat«  a  liglit  batean  over  - 
the  «hoal.  To  the  left  of  Wood's  Island  tUo  fall  is  rapid  to  tlio  level  of  the  j 
occiipieH  aljont  two-tlii«lB  the  length  of  tlie  island  on  that  side.  This  ehnii 
600  t«  SKI  feet  in  width,  lint  ia  liarred  at  the  foot  by  a  broud  limestone  reef, 
is  cousidurnhle  fall  and  a  rapid  cnrrent.  The  ciianiiol  to  the  ri((ht  of  Wooid 
fW>m  175  to  ti&O  tent  in  width ;  the  reef  at  the  foot  is  nearly  sliseiit  and  tta 


nearly  nnifonn ;  the  bottom  seems  to  be  gravel  overlying  rock.     This  chan 

_j . —  — 1..  _i...  _.  .1  gij,  jjjij  proiKiseif  improvemeut. 

;e  and  character  of  these  shoals  arc  similar  to  those  < 


■dvBUtaKeonsly  situated  fur  the  proixiseil  i 
The  gciiend  sppearauce  and  character  of 
de  Sluinls  in  the  Teuuciwce  Kiver.     The  reefs,  ai 
to  the  current,  and  are  Konerally  of  sandstone.    The  si 
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_  _ _  er'seilge,  I 

BlopCH  nin  down  to  the  Tock  bottom  of  tlie  river.  Above  and  below  each 
between  them,  nre  small  tractsof  bottom-lands,  which  are  overflowed  atext 
water.  Between  these  two  shoala  the  banks  are  low,  and  there  are  abont ; 
rieh  cultivated  land,  which  would  be  overflowed  if  an  attempt  were  made  ti 
the  upper  titlt  by  a  dam  near  the  head  of  tlio  Ten  Islands  Shoal. 

At  the  head  olT  the  Ten  Islands  Shoal,  the  evidence  afforde<l  by  drift  shcn 
usual  floods  do  not  exceed  from  4  to  5  feet.  Two-thirds  the  length  of  Wo< 
below  its  bead,  the  height  of  tlie  flood  of  Febraary,  1875 — tbe  highest  k 
been  marked  on  a  tree,  and  shows  a  rise  of  little  over  16  feet,  lint  this  was 
water  from  below  where  the  mountains  narrow  the  area  of  disehiirge  and 
stream.  At  <Jreens]>ort,  n1>ove  the  head  of  Wliistenuut's  Shoal,  tltis  ilnml 
feet  above  low-water.     Floods  of  6  feet  rise  ore  very  unusual,  and  titws  of 

At  many  points  along  the  shoals  there  is  an  abundance  of  sandutone  of  tol 
quality  for  moaoury,  and  sufficient  limestone  iienr  by  for  tbe  more  ex|ioscd  . 
taut  parts  of  locks.  The  whole  country  is  thickly  clothed  with  fine  lonK-h 
tinilier,  or,  if  preferred,  a  snfflcieut  ijuantity  of  white  oak,  post-oak,  elm, 
hard  woodn  can  bo  procnred  for  the  pTojKised  improvement,  but  would  be  cc 
more  exiienHive  because  more  rare. 

Malarial  diseaHcs,  such  aa  chills  and  fevera  and  bilious  disorders,  will  inti 
the  work,  aa  at  the  Muscle  Shoals  of  the  Teimcssce  River. 
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hollow  quoins  and  along  tlie  face  of  the  lock  of  10  feet.  The  rest  of  the  lock-masonry 
to  be  of  dry  stone.  The  coping,  hollow  quoins,  facing  of  the  miter-sills,  and  one  side  of 
the  lock-chamber  from  water-surface  of  lower  level  at  low- water  to  the  coping  to  be  of 
cut  stone,  the  rest  of  rubble. 

The  lock  to  l>e  *210  feet  between  mit^r-sills  and  40  feet  wide,  to  accommodate  the 
steamers  which  now  navigate  the  Upper  Coosa.  The  reefs  to  be  excavated  to  a  depth 
of  3  feet  at  extreme  low-water  or  4  feet  at  ordinary  low-water,  and  for  a  channel  width 
of  80  feet.  When  the  river  rises  5  feet  or  more,  the  fall  is  so  far  obliterated  that  boats 
can  use  the  mvtural  water-way. 

ESTIMATE. 

Lock: 

439  cubic  yards  cut  stone,  at  814 $6,126  00 

2,004  cubic  yards  rubble,  at  ^7 14,028  00 

474  cubic  yards  dry  stone,  at  $4.50 2, 133  00 

301  cubic  vartls  slope  wall,  at  $3.50 1,053  00 

Lock-pit : 

1,534  cubic  yards  rock  excavation,  at  $2 3,068  00 

200  cubic  yards  excavation  and  embankment,  at  30  cents 600  00 

Lock-gates  and  machinery 2,000  00 

Channel  excavation,  1,440  cubic  yards  rock,  at  $3 4, 320  00 

Dam: 

1,400  feet  crib-dam,  at  $7.25 10, 150  00 

Total 43.478  00 

TEN  ISLANDS  SHOALS. 

It  is  proposed  to  utilize  the  Wood's  Island  chute  as  a  canal  by  placing  at  its  foot  a 
lock  of  12  feet  lift  and  a  dam  250  feet  long,  to  connect  Wood's  Island  with  the 
tow-head  abov^e  it  by  a  slope  walled  earthem  embankment  300  feet  long,  10  feet  high, 
10  feet  wide  on  top,  with  protected  slopes  of  1  upon  1 ;  to  extend  a  similar  embank- 
ment upstream  from  the  head  of  this  tow-head  about  600  feet,  where  a  lock  of  5.77 
feet  lift  with  guard-walls  allowing  navigation  up  to  a  7-foot  flood,  and  a  dam  8^  feet 
high  and  1,400  feet  long  across  the  Coosa  River  is  to  be  placed. 

The  locks  will  bo  of  similar  constructicm  to  that  at  Whistenant's  mill,  and  of  about 
the  same  dimensions  and  height  of  guard- walls.  The  dam  to  be  built  with  a  crib-base 
of  12  by  12  inch  timber,  14  feet  wide  and  4  feet  high,  tilled  with  stone  and  planked  in 
front  with  2i  inch  plank,  the  upper  4^  feet  to  be  triangular  framed,  resting  upon  this 
crib-base  and  bolted  to  it,  its  top  with  a  slope  of  i,  and  doubly  planked  with  2-inch 
plank ;  this  will  give  an  apron  5  feet  wide^  to  partially  break  the  force  of  the  overfall. 
This  form  of  dam  is  proposed  on  account  ol  the  rough  nature  of  the  bottom  of  the  river. 

The  lower  lock  is  to  have  3  feet  over  the  lower  miter-sill  at  extreme  low-water,  or 
4  feet  at  ordinary  low  water. 

•  The  upper  lock  to  have  5  feet  of  water  over  sill.  This  will  give  a  commodious  canal 
from  100  to  250  feet  wide  nearly  2  miles  long,  with  from  5  to  10  feet  of  water  through- 
out. 

ESTIMATE   OP  COST. 

1.  Lock  No.  2,  as  at  Whistenant's  Shoal,  masonry  and  gate $25, 340  00 

Lock-pit :  1,390  cubic  yards  rock  excavation,  at  $2 $2, 780  00 

1,000  cubic  yards  gravel  excavation,  at  $1 1,000  00 

2,500  cubic  yards  earth  excavation  and  embank- 
ment, at  30  cents 750  00 

Total 4,530  00 

2.  Lock  No.  3,  as  above 25,340  00 

Lock-pit :  2,000  cubic  yards  rock  excavation,  at  $2 4, 000  00 

1,600  cubic  yards  gravel  excavation,  at  $1 1, 600  00 

2,200  cubic  yards  earth  excavation  and  embank- 
ment, at  30  cents 660  00 

6,260  00 

3.  Dam  at  foot  of  Wood's  Island,  250  feet  long,  at  $25 6,250  00 

4.  Dam  across  Coosa  River : 

Lumber,  300,000  feet,  board  measure,  for  cribs,  at  $20  per 

1,000  feet,  placed 6,000  00 

Iron,  12,775  pounds,  for  drift-bolts,  at  10  cents  per  pound, 

placed 1,277  50 

Bock,  3,300  cubic  yards,  placed  in  dam,  at  $3  i>er  cubic 

yard 9,900  00 

Masoniy,  dry,  240  cubic  yards,  placed  in  abutments,  at  $5 

per  cubic  yard 1,200  00 

Total 18,3TT  ^ 
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5.  Earthen  tow-path  embankment : 

^^,407  cubic  yards  embankment,  at  40  cents $2, 962  60 

1,480  cubic  yards,  slope-waU,  at  |2.50 3,700  00 

Total ^,6^80 

6.  Channel  excavation — rock : 

Rock  Island  Reef,  646  cubic  yards,  at  $3 1,944  00 

McConnel's  Reef,  1,229  cubic  yards,  at  $3 3,687  00 

Total 5,63100 

Total  for  Ten  Ishinds  Shoals 97,991  30 

Or  for  the  improvement  of  both  shoals.... 141,469  30 

Add  10  per  cent  for  contingencies •• 14, 146  S3 

155,616  23 

Respectfully  submitted. 

\y.  L.  Mabshall, 
Fini  LieuteHant  of  Engvutm. 
Capt.  W.  R.  King, 

Corps  of  Engineers,  U.  S.  A. 


S5. 

IMPROVEMENT  OF  OOSTENAULA  AND  COOSAWATTEE  RIVERS. 

1^0  work  was  done  on  either  of  these  rivers  during  the  year,  the  entiie 
balance  of  the  appropriation  having  been  expended  in  the  fiscal  rear 
1876  and  '77. 

An  appropriation  ha^ing  been  made  June  18, 1878,  advantage  will  be 
taken  of  the  low  water  season  to  repair  and  extend  some  of  the  idng- 
dams,  and  otherwise  continue  the  system  of  improvements  made  under 
former  appropriations. 

Original  estimates,  made  for  these  rivers,  are $28,9OB30 

Amounts  appropriated 19,00011) 

Amounts  expended 19,00010 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $4,000  DO 

July  1,  1878,  amount  available 4,000  W 

Amount  (estimated)  required  for  completion  of  existing  project 9,20^5'' 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  9, 306  3^ 


8  6. 

mPROVEMENT  OF  ETOWAH  KIVER,  GEORGIA. 

As  stated  in  my  last  report,  an  examination  of  this  river  was  made  by 
Lieut.  W.  L.  Marshall,  Corps  of  Engineers,  with  a  view  to  ascertaining 
whether  any,  and  if  so,  what  work  could  be  advantageously  commencrf 
with  the  existing  appropriation ;  and  it  was  respectftilly  recommended 
that,  in  view  of  the  inadequacy  of  the  existing  appropriation  to  accom 
plish  any  useful  imi)rovement,  an  instrumental  survey  of  the  river  be 
made,  upon  which  to  base  a  specific  project  for  the  improvement  A 
special  appropriation  for  this  purpose  ha^ing  been  made,  the  8ur\*ey  will 
be  made,  and  the  project  submitted  as  soon  as  practicable. 

Amount  appropnateCi (^wit  kw\pMk\»\\,\^^'^.: ». $10,000  00 

Amount  expended.... ••  .•.•—•••• .•.•.«*«..««*•• » — »»». 59  73 
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Money  statement. 

July  1,  1977,  amount  available 810,000  00 

July  1,  1878,  amoimt  expended  during  fiscal  year 59  73 

July  1,  1878,  amount  available 9,940  27 


S7. 

IMPROVEMENT  OF  OCMULGEE  RIVER,  GEORGU. 

This  work  has  been  continued  during  the  year  by  hired  labor  under 
the  immediate  direction  of  Mr.  B.  W.  Frobel,  assistant  engineer. 

The  obstructions  to  be  removed  are  generally  caused  by  snags  and 
overhanging  trees,  which  either  cause  direct  obstructions,  or  produce 
them  indirectly,  by  causing  abrupt  bends  or  the  formation  of  sand  and 
gravel  bars.  The  removal  of  these  snags  and  sunken  logs  is  found  to 
cause  the  rapid  washing  away  of  the  bars,  and  in  some  cases,  a^s  at 
Reuben's  Cut-of^  the  river  has  been  straightened  and  shortened  several 
hundred  yards  oy  pidling  out  the  stumps  and  fallen  trees  in  a  natural 
cut»off,  which  was  immediately  deepened  by  the  water,  so  as  to  form  a 
practicable  channel  7  or  8  feet  deep  at  low  water. 

Four  hundred  and  twenty  snags,  measuring  from  2  to  4  and  some 
even  reaching  5  feet  in  diameter,  and  360  overhanging  trees,  were  re- 
moved during  the  year.  This  work  is  in  an  excee&igly  isolated  loca- 
tion, and  communication  with  the  working  parties  is  therefore  very  in- 
convenient. 

This  work  is  in  the  collection  district  of  Brunswick,  Ga. 

Number  of  vessels  sailing  from  the  port  of  Darien,  Ga.,from  January  1,  1877,  to 
January  1,  1878,  was  217 ;  aggregate  tonnage,  106,369. 
Principal  export,  lumber,  feet,  86,606,952 ;  estimated  value,  |1853,777. 
The  original  estimate  of  the  cost  of  the  work  of  improving  this  river  is  ^,240. 

Amounts  appropriated |30,000  00 

Amount  expended 13,012  69 

Money  statement 

July  1, 1877,  amount  available (14,953  33 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

(29,953  33 

July  1,  1878,  amount  expended  during  fiscal  year 12, 966  02 

July  1,  1878,  outstanding  liabilities 484  55 

13, 450  57 

July  1, 1878,  amount  available 16,502  76 

Amount  (estimated)  required  fbr  completion  of  existing  project 26, 240  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enmng  June  30, 1880 .    26, 240  00 


S8. 

IMPROVEMENT  OF  OCONEE  RIVEK,  GEORGU. 

An  appropriation  of  $10,000  having  been  made  for  the  improvement 
of  this  river  (act  of  June  18,  1878),  a  preliminary  examination  has  been 
made  which  shows  that  in  general  character  the  work  required  ^^JlW^ 
similar  to  that  on  the  Ocmulgee,  and  preparatloiia  ax^  >a^m\j,  tdl^j^^^  \55> 
begin  active  operations  as  soon  as  possible. 
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The  principal  object  of  this  improvement  is  to  furnish  an  outlet  for 
the  commerce  which  natiu^lly  centers  at  Dublin,  a  town  completdy 
isolated  from  railroad  communication,  and  dependent  entirely  upou 
wagon  and  river  transportation  (see  Keport  of  Chief  of  Engineei-s,  1875, 
Part  II,  page  44). 

Estimated  cost  of  work  to  be  done  is  $10,150.  The  sum  of  $10,000 
has  been  appropriated. 

JVIr.  B.  W.  Frobel,  assistant  engineer,  reported  to  this  office  March  4, 
that  $15,000  is  needed,  stating  that — 

This  estimate  exceeds  that  given  by  Assistant  En^neer  Gronld  (see  report  Chief  of 
Engineers,  1875,  Appendix  W)  hy  some  $5,000.  This  is  caused  by  adding  cost  of  steam- 
tender  or  tow-boat  omitted  in  ^ir.  Gould's  estimate,  but  which  will  be  absolutely  nec- 
essiuy  on  this  work. 

Money  statement. 

Amount  appropriated  by  act  approved  June  18,  1878 $10,  OOOW 

July  1,  1878,  amount  available 10, 00t»  OO 

Amount  (estimated)  required  for  completion  of  existing  project. ..-- 5,  OOOOO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      5, 000  00 


is 
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ANNUAL  REPOllT  UPON  THE  WORKS  IN  CHARGE  OF  MAJOR 
G.  WEITZEL,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL 
YEAR  ENDING  JUNE  30,  1878,  BY  CAPTAIN  ALEXANDER 
MACKENZIE,  CORPS  OF  ENGINEERS,  TEMPORARILY  IN 
CHARGE. 

United  States  Engineer  Office, 

Detrait,  Mich.,  July  10, 1878. 

General  :  I  have  the  honor  to  transmit  herewith  the  annual  reports 
relating  to  the  river  and  harbor  improvements  temporarily  under  my 
charge^  for  the  fiscal  year  ending  June  30,  1878. 
Verj'  ro8i)e€tfiilly,  your  obedient  servant, 

A.  Mackenzie, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U.  S.  A. 


Captain  of  Engineers, 


Ti. 

LMPROVEMENT  OF  THE  FALLS  OF  THE  OHIO  RIVER. 

The  history  and  condition  of  work  done  on  tliis  improvement  during 
the  past  fiscal  year  are  given  in  the  following  report  of  Cai>t.  A.  N.  Lee, 
Corps  of  Engineers,  who  is  in  immediate  cha-rge  of  the  work: 

Louisville,  Ky.,  June  30,  1878. 

Sir  :  I  have  the  honor  to  submit  the  following  report  on  the  improvement  of  the 
Falls  of  the  Ohio  and  the  enlargement  of  the  Louis viUe  and  Portland  Canal  for  the 
liscal  year  ending  June  30,  1878. 

The  work  projected  at  the  beginning  of  the  year  was  as  follows:  To  complete  the 
rock-excavation  at  the  head  of  the  canal ;  to  complete  the  cross-dam  at  the  head  of  the 
falls,  leaving  an  opening  of  6(X)  feet  opposite  the  Indiana  Chute  for  the  benefit  of  de- 
scending navigation ;  to  make  a  new  opening  of  4(K)  feet  at  the  head  of  the  middle 
channel  to  benefit  ascending  navigation  at  certain  stages  of  the  river;  to  close  400  feet 
of  the  Indiana  opening  and  the  entire  middle  opening  with  movable  dams,  thus  leav- 
ing au  opening  of  1,000  feet  during  high  water  and  closing  this  opening  to  200  feet 
during  low  water,  when  the  falls  are  not  available  for  ascending  boats;  to  remove  the 
worst  obstructions  in  the  Indiana  Channel  over  the  falls. 

On  the  17th  of  August,  1877,  the  stage  of  the  river  was  such  as  to  justify  getting 
tools  and  macliinery  ready,  and  ten  days  later  the  building  of  the  cofier-dam  aroimd 
the  rock  at  the  head  of  the  canal  was  commenced.  Though  work  on  the  coffer-dam 
was  several  times  delayed,  and  portions  in^jured  by  the  waves  of  passing  steamers,  it 
was  so  far  completed  by  September  24  that  the  rock-excavation  could  l>e  commenced. 

Work  was  carried  on  day  and  night,  and  at  11.25  a.  m.  on  the  11th  of  November  the 
last  yard  of  stone  was  removed,  thus  completing  a  work  which,  owing  to  unfavorable 
stages  of  water  and  lack  of  funds,  has  extended  through  many  years.  A  few  hours 
after  the  completion  of  this  work  the  rai)idly-rising  river  flooded  the  dam. 

During  8ei)tomber,  October,  and  November  the  cross  and  wing  dams  were  repaired, 
and  the  cross-dam  was  extended  128  feet. 

No  further  extension  of  this  dam  should  be  mtule  until  the  new  opening  is  made 
at  the  head  of  the  middle  channel  and  a  few  of  the  worst  obstructions  in  the  Indiana 
Channel  removed. 

To  ascertain  the  cost  and  practicability  of  building  a  coal-chute  over  the  f«X\&^  ^ 
detailed  survey  of  certain  portions  of  the  river-bed  was  made.    litiioT<i  \\iA&  «vttN «^  ^iwsl^ 

49  £ 
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be  extended  to  the  Indiana  Chnte  high  water  drove  off  the  party,  but  a  complete  and 
detaileil  map  of  the  middle  channel  haa  been  prepared.  In  October  preparations  were 
made  for  removing  some  of  the  worst  obstructions  at  the  head  of  the  Indiana  Chute, 
with  a  special  view  of  obtaining  data  upon  which  to  found  correct  estimates  of  the 
cost  of  extending  this  work.  With  the  co-operation  of  Captains  Lockhart  and  Varhle, 
falls  pilots,  those  points  were  8electe<l  for  work  which  would,  with  a  small  expenditure 
of  motley,  give  the  greatest  amount  of  relief.  After  anchoring  above  the  reefs  boats 
to  work  from,  and  placing  triangular  bi-eakwaters  to  uncover  rocks,  a  rise  in  the  riTer 
stopiMHl  the  work. 

The  following  is  a  summary  of  the  work  accomplished  during  the  year:  1,356  linear 
feet  of  cofternlam  10  feet  wide  and  averaging  8  teet  in  height  was  bnilt ;  5,659  CHbit 
yards  of  stone,  817  cubic  yards  of  earth,  and  a  wrecked  iron  bai^e  were  removed  from 
inside  the  coffer-dam. 

The  cross-dam  at  the  crest  of  the  falls  was  extended  128  feet,  and  both  wing  aod 
cross  dams  were  repaired. 

The  total  expenditures  for  the  year  was  $32,054^01,  divided  among  the  works  m 
folloiys : 

5,659  cnbic  yards  rock-excavation,  at  |3.71 $21,10517 

817  cubic  yards  earth-excavation  and  removal  of  wreck  of  iron  barge, 

at  14.44 ^ 3,  (Bra 

128  linear  feet  of  cross-dam,  at  |19.42 2,48517 

Repairs  on  wing  and  cross  danm • 3, 331  04 

Survey  of  the  falls »7  « 

Contingencies  of  engineering,  office  expenses,  &c 510  59 

Total ^ 32,064  01 

The  cost  per  foot  for  cross  dam  was  gf eater  than  during  the  previous  years,  the  dam 
being  higher,  the  depth  of  water  being  |j^ater,  and  the  current  more  swift. 

The  cost  of  the  rock-excavation  was  increased  by  the  accidents  to  the  coffer-das, 
the  large  amount  of  deposit  and  the  old  wreck  included  in  the  stripping,  and  the 
necessity  for  pressing  the  work  with  a  very  lar^e  force  day  and  night. 

But  with  all  this  the  cost  of  removing  a  cubic  yard  of  rock  as  dolie  by  days'  labor 
was  f  1.96  less  than  the  lowest  bid  made  for  the  work  in  1873.  thus  saving  ^,389.12 
to  the  government.  Tliere  now  remains  available  of  the  |100,000  appropriated  in  187a, 
$47,360.67,  and  with  this  amount  the  following  work  will  be  commenced  and  as  mneh 
as  possible  completed,  when  low  water  permits.    Work  will  b^  carried  on  eeonomieally. 

A  mo r aide  dam,  400  feet  long,  wiU  be  bnilt  paraliel  with  and  abont  50  feet  bek* 
the  permanent  dam,  opjiosite  the  middle  channel  of  the  falls.  When  this  dam  is  com- 
pleted 400  feet  of  the  |>ermanent  dam  will  be  removed. 

Some  of  the  worst  obstructions  in  the  Indiana  Channel  will  be  removed  and  esti- 
mates made  for  the  removal  of  other  obstnictions. 

The  cross-dam  on  the  crest  of  the  falls  will  l>e  protected  from  the  iinurions  efff?ctfiof 
ice  and  drift,  and  the  dam  will  be  extended  185  feet,  redncing  the  Indiana  openinrto 
600  feet. 

It  is  not  probable  that  the  closing  of  400  feet  of  this  opening  with  a  movable  dam 
can  be  attempted  with  the  balance  on  hand,  but  the  necessity  for  this  will  not  he  frit 
until  the  general  improvement  of  the  Ohio  gives  a  minimum  depth  of  6  feet  throngb- 
out  the  year. 

Very  respectfully,  your  obedient  servant, 

A.  N.  Lke, 
Captain  of  £nginfm. 

Capt.  A.  Mackenzie, 

Corps  of  Engineers^  U.  S.  A, 

Tliis  improvement  can  only  be  carried  on  economically  during  lot 
water,  but  fortunately  the  work,  while  necessary,  is  not  of  such  impm 
tive  necessity  as  to  require  the  extravagant  expeuditore  which  wcwU 
attend  work  attempted  diu'ing  high  water. 

The  rock-excavation  at  the  head  of  the  Louisville  and  Portland  CaiMl 
which  was  commenced  in  October,  1873,  was  completed  during  the  part 
season.  This  work  has  been  done  by  days'  labor,  and  its  totfid  cost  has 
been  much  less  than  it  would  have  been  had  the  bids  of  contractors  bcei 
acc'^pted  when  the  work  was  advertised  in  April  and  Jnne^  1873. 

By  the  completion  of  tliis  work  the  entrance  to  the  canal  has  bwn 
widened  and  greatly  improved. 

The  cross-dam  on  the  crest  of  the  falls  was,  during  the  seaaon,  extended 
128  ii^'i^  reducing  the  oi)ening  opposite  the  Indiana  Chute  to  782  feet 
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While  this  last  extension  has  increased  the  depth  of  the  water  at  the 
heM  of  the  pass  and  improved  descending  navigation,  it  has  so  increased 
the  current  as  to  increase  somewhat  the  difficulty  of  ascending  this  pass. 
But  this  is  a  matter  of  little  importance,  as  but  a  few  powerftU  boats  are 
able  to  make  this  ascent  during  the  brief  period  in  which  the  extension 
materially  affects  the  current. 

A  new  and  much  better  channel  for  boats  able  to  ascend  the  falls  will 
soon  be  provided. 

A  detailed  survey  of  the  channels  over  the  falls  was  commenced  during 
the  season,  but  owing  to  high  water  was  not  completed.  The  object  of 
this  survey  was  to  determine  the  cost  and  feasibility  of  building  an 
additional  canal  or  coal-chute  over  the  falls. 

An  attempt  was  also  made  to  remove  a  few  of  the  worst  obstructions 
in  the  Indiana  Chute.  The  river  rose  rapidly  after  commencing  the  work, 
and  but  little  was  accomplished.  It  is  not  proposed  to  devote  much  of 
the  present  appropriation  to  this  work,  for  it  has  never  yet  been  demon- 
strated that  the  results  to  be  obtainea  ftxmi  an  extensive  improvement 
of  this  channel  will  be  commensurate  with  the  cost  of  the  work.  Enough 
work  will  be  done  to  determine,  in  connection  with  the  survey,  this 
question. 

There  remains  unexpended  of  the  appropriation  made  in  1875  (47,360.67, 
and  the  following  project  for  the  expenditure  of  this  money  has  been 
approved :  To  make  a  new  oi>ening  of  400  feet  in  the  cross-dam  on  the 
crest  of  the  falls  at  the  head  of  the  middle  channel,  and  to  close  this 
opening  with  a  movable  dam,  which  can  be  closed  during  low  stages  of 
tlie  river.  To  extend  the  cross-dam  182  feet,  reducing  the  Indiana  open- 
ing to  600  feet.  To  plate  the  upper  portion  of  the  cross-dam  with  iron. 
To  continue  the  surv^ey  and  examinatiou  of  the  channels  over  the  falls, 
and  remove  a  few  of  the  worst  obstructions  in  the  Indiana  Channel. 

Since  plans  for  completing  the  enlargement  of  the  Louis\alle  and  Port- 
land Canal  and  imi)roving  the  navigation  of  the  falls  were  presented  and 
ai>proved  in  1807,  various  modifications  in  details  have  been  authorised, 
as  experience  suggested  them;  but  with  all  these  changes  the  general 
idea  has  been  kept  in  view,  that  the  only  radical  methc^  of  improving 
the  navigation  of  the  falls  was  by  building  around  or  over  them,  and 
that  all  other  means  of  rendering  assistance  were  secondary  in  importance. 

It  will  never  be  practicable  to  do  away  entirely  with  delays  at  the  falls, 
for  it  must  be  remembered  that  the  rocks  forming  the  obstructions  were 
placed  in  the  river  by  natiu^,  and  that  by  no  himian  means  can  naviga- 
tion at  this  point  be  rendered  as  easy  and  rapid  as  in  the  unobstructed 
river.  These  delays  should  be  considered  relatively.  At  one  time  they 
were  indefinite,  navigation  being  suspended  except  during  the  brief 
period  of  high  water.  At  a  later  date  they  were  reduced  by  building  a 
canal ;  since  the  canal  has  been  enlarged  the  delays  have  been,  as  com- 
pared with  former  times,  insignificant. 

In  the  ftiture,  when  the  business  of  the  river  will  warrant  it,  and  de- 
lays become  very  serious,  additional  canals  must  be  built. 

lu  the  meanwhile,  it  is  well  the  work  should  be  continued  as  at  pres- 
ent, gradually  completing  and  improving,  as  far  as  cost  will  justify,  all 
existing  channels,  and  obtaining  at  the  same  time  data  for  future  addi- 
tional aids  to  navigation. 

The  reasons  for  the  exceeding  of  the  original  estimate  for  this  work  has 
been  given  in  previous  reports.  The  excess  in  cost  as  far  as  enlarging 
the  canal  is  conceme<l  was  caused  entirely  by  the  manner  in  which  appro- 
priations were  made. 
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As  regards  the  dams  and  accessory  works  of  improvement,  slight 
modifications  in  tbe  plans  have  affected  the  cost. 

The  ori^nal  estimate  for  this  work  was  $1,243,500.  There  lias  been 
allotted  and  appropriated  for  it  as  follows: 

1868,  aUottcd $85,000 

1869,  allotted 1 178,3ft) 

1870,  appropriat4Ml 450, 00i> 

1871,  appropriat4-<l 250,000 

1872,  appropriated 300,00' 

1873,  appropriated 100,  OW 

1875,  appropriated 100,  OOi) 

Total 1,463,3* 

Of  this  amount,  $1,415,839.33  has  been  expended. 

!No  additional  appropriation  is  required  for  the  next  fiscal  year. 

The  work  is  located  in  the  third  collection-district  of  Kentucky.  The  nearest  port 
of  entry  is  Louisville,  Ky. 

The  amount  of  revenue  collected  at  this  port  durinjif  the  fiscal  year  -was  $^,033.50. 

The  commerce  and  navigation  of  the  Mississippi  Kiver  and  all  its  branchets  wUl  be 
henefited  by  the  completion  of  this  work. 

Motwy  statement. 

July  1,  1877,  amount  available f82,650ff 

July  1,  1878,  amount  expended  during  fiscal  year 35, 290fi 

July  1,  1878,  amount  available 47,360^ 


T2. 

SUPERINTENDENCE,    MANAGEMENT,    AND    REPAIR    OF    THE    LOUISVILLE 

AND  PORTL.VND  CANAL. 

The  annexed  report  of  Capt.  A.  N.  Le4>,  Corps  of  Engineers,  gives  is 
detail  the  history  and  c'X)ndition  of  the  work  during  the  past  fisi^al  year. 

The  repairs  and  improvements  necessary  for  placing  and  keeping  the 
canal  and  its  accessoiies  in  perfect  working  order  have  been  continue 
as  in  former  years. 

The  rules  and  regidations  for  the  government  of  the  canal  and  thm 
using  it,  referred  to  and  given  in  previous  reix>rts,  were  approved  by  tfe 
Seci'etary  of  War.  They  have  been  published  for  the  benefit  of  allW 
cemed,  but  as  no  penalties  are  as  yet  attached  to  the  violation  of  ihe^ 
niles,  it  may  be  impossible  in  some  cases  to  enforce  them. 

Authority  has  been  granted  for  converting  the  three  chambers  of  the 
old  locks  into  two,  building  new  gates,  and  otherwise  placing  these  lock 
in  good  working  order.  This  work  has  been  commenced  and  will  be  cat 
tinned  when  low- water  i)ermits.  This  improvement  will  greatly  assist ia 
the  passage  of  coal-tows,  and  the  old  locks  so  converted  will  accomiDO^ 
date  all  boats  running  during  the  low- water  season,  permitting  the  closing 
of  the  new  locks  for  repairs. 

The  business  of  the  canal  continues  to  increase,  and  already  demand^^ 
are  made  for  increased  accommodations,  but  the  apparent  necessity  for 
this  at  present  is  due  to  the  accumulation  of  business  during  ooal-nins. 
If  this  business  were  distributed  throughout  the  year,  the  canal  has  suffi- 
cient capacity  to  accommodate  all  comers  without  any  appreciable  delay. 

In  January,  tolls  were  reduced  about  one-fifth ;  but  notwithstanding 
this  reduction  tti^  Tece\\)\s»\3LaN^  oftutmued  to  be  in  excess  of  the  exi)eiises, 
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and  it  is  almost  certain  that  a  fiu'ther  reduction  can  be  made  next 
Januaiy. 

To  satisfy  a  demand  frequently  made,  there  is  added  to  this  report  a 
historical  and  descrii^tive  sketch  of  the  Louis\ille  and  Portland  Canal, 
with  10  plates. 

Annexe<i  hereto  is  the  financial  statement  for  the  fiscal  year  ending 
June  30, 1878. 

Mimncial  atatement  for  fiscal  year  ending  June  30,  1878. 


Expenditures. 


Months. 


187T. 
July 

Aueust 

September 

October , 

November 

December 

1878. 

JannAry , 

February 

March 

April 

MAy 

June : . . 


Amounts. 


$60  16 
8, 716  88 
1, 239  55 
9,994  24 
6,167  88 
5, 358  64 


6,720 

4,397 

533 

9,  l.W 

4,500 
5,358 


68 
69 
05 
58 
89 
46 


62, 203  70 


Deposits. 


Months. 


Amounts. 


1877. 

July 

August 

September 

October 

November 

December 

187a 

January 

February 

March 

April 

May 

June 


$9,631  25 
3,798  59 
1, 957  20 
1,930  00 
9, 498  95 

14, 364  02 


13, 108  73 
8,260  00 

7,  566  76 

8,  778  68 
12,  545  75 

7,670  93 

99, 110  86 


Cash  on  hand  June  30,  1878,  $81,739.78. 


REPORT  OF   CAPTAIN  A.    N.    LEE,    CORPS  OF  ENGINEERS. 

LouIS^^LLE,  Ky.,  June  30,  1878. 

Sir  :  I  have  the  honor  to  submit  the  following  report  on  the  superintendence,  man- 
agement, and  repair  of  the  Louisville  and  Portland  Canal  for  the  tiseal  year  ending 
June  30,  1878. 

Part  of  this  report  must  necessarily  be  a  repetition  of  that  submitted  at  the  close  of 
the  last  calendar  year. 


WORK  ACCOMPLISHED  ON  THE  NEW   CANAL. 

The  new  guard-gates  for  the  head  of  the  canal  which  were  under  process  of  construc- 
tion at  the  date  of  the  report  for  the  last  fiscal  year  were  completed  and  placed  in  position 
hy  December  20;  they  cost  $4,572.76,  and  the  building  of  them  under  the  immediate 
<lirectiou  of  the  superintendent  of  the  canal  has  resulted  in  having  the  work  admirably 
done,  as  well  as  saving  several  thousand  dollars. 

New  winding-drums  have  been  put  in  at  the  middle  and  lower  gates  and  gearing 
has  been  added,  increasing  the  power  of  the  capstans  and  strengthening  all  parts  of 
the  apparatus.  The  working  in  both  ca«es  has  been  satisfactory.  Two  new  opening- 
chains  of  1  inch  in  diameter  nave  been  substituted  for  the  old  ones  at  the  lower  gates, 
one  of  Norway  and  the  other  of  the  best  Tennessee  iron.  It  is  proposed  to  test  their 
relative  durability. 

The  anchors  of  the  mast^guys  have  been  reset  in  solid  stone  and  cement.  In  some 
cases  they  were  broken  and  in  others  loose  in  their  foundation.  A  large  amount  of 
grading  and  sodding  has  been  done,  and  the  north  bank  between  the  upper  and  middle 
gates  is  now  in  perfect  order. 

The  deposit  removed  from  the  lock-wall  and  bank  has  been  used  to  fill  in  the  ravine 
in  rear  and  at  side  of  superintemlent^s  oflUce. 

The  cistern  in  rear  of  office  has  been  entirely  covered  with  this  material,  connected 
with  the  office,  and  a  waste-pipe  from  one-half  of  the  toll-collector's  house.    A  pum^- 
houee  has  been  erected  over  the  cistern  and  the  pump  will  b©  i^\«wee*\.  voi  ^^«v\a»v\  vkv  ^ 
few  days. 
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The  sunerintendentV  office  was  completed  aud  occupied  by  November  21. 

The  old  roadway  of  the  bridge  at  the  new  locks  has  been  entirely  replaced  by  a  new 
one,  the  iron-work  painted,  and  the  bridge  generally  placed  in  first-rate  working 
order. 

On  the  16tli  of  September,  the  water  being  low  and  bnsiness  almost  Btispended,  ^ 
canal  was  closed  for  repairs  for  the  middle  miter  sill  of  the  new  locks.  The  work  oc- 
cupied about  sixteen  days.  All  broken  and  injured  stones  were  replac-ed  by  bardlinK^ 
stone  set  in  Portland  cement,  and  the  repairs  made  as  thorough  a«  jjossible.  The  work 
can,  however^  only  be  regarded  as  temporary,  as,  when  time  will  i>enmt,  the  whole  sill 
must  be  rebuilt.     The  canal  was  reopened  October  5. 

While  the  water  was  out,  the  miter-sill  and  roller-ways  of  the  guard-gat^«  at  th< 
head  of  the  canal  were  thoroughly  repaired. 

A  wagon-shed  has  been  erected  adjoining  the  stable  and  the  stable  thoroughlr 
repaired. 

A  large  shed  for  the  storage  of  derricks  and  machinery  generally  has  also  been  bnilt. 
and  all  the  canal  buildings  and  ftiuces  recolore<l  or  white w^ashed* 

Most  of  the  work  al>ove  referred  to,  in  addition  to  numerous  minor  improvements, 
ordinary  repairs,  and  regular  duties,  has  been  carried  on  imder  the  inime<liate  dim- 
tion  of  the  superintendent,  and  as  far  as  possible  the  work  has  been  done  by  the  rega- 
larly  employed  mechanics  and  laborers. 

Tne  work  done  by  tow-boats  and  dredges  aud  by  lock  hands  in  pa^^ing  boats  is  given 
in  annexed  tables. 

OLD  LOCKS. 

Owing  to  high  water,  no  work  has  been  done  on  the  improvement  of  the  old  loeb 
since  November  11 ;  previous  to  that  time,  however,  the  lower  miter-sill  and  rolki- 
ways  were  thoroughly  repaired,  a  large  porticm  of  the  rock-excavation  in  the  low«i 
chamber  made,  and  the  masonry  for  new  gate-recesses  had  been  commenced. 

Plans  and  estimates  for  the  lower  and  middle  gates  have  been  prepare<l,  the  timber 
and  iron  purchased  for  their  construction,  and  the  work  of  framing  is  ivell  under  wst. 
The  work  will  be  done  entirely  in  the  canal  shops,  and  it  is  believed  that  the  reeali 
will  show  a  large  saving  over  contract  work,  and  that  the  work  will  be  much  better 
done. 

NUMBER  AND  SALARY  OF    EMPLOY^. 

The  regular  canal  force  remains  the  same  as  given  in  the  last  annual  report,  excepi 
that  the  position  of  foreman  of  dredges  has  been  done  away  with,  but  it  has  been  nec- 
essary to  employ  extra  mechanics  and  laborers  irom  time  to  time  upon  works  of  im- 
provement. 

The  regular  pay-roll  of  employ^  now  amounts  to  $37,915.  Since  the  Govemmefit 
assumed  ooutrol  of  the  canal  the  pay-roll  has  been  reduced  $2,045. 

RATES  OF  TOLL  REGULATION. 

l%e  reduction  in  rates  of  toll  recommended  in  the  report  of  the  last  calendar  yee 
having  been  approved  by  the  proper  authorities,  the  new  rates  took  effect  Febriiarr 
4, 1878. 

They  are  as  follows : 

Steamboats  and  model  barges,  8  cents  per  ton. 

Square  barges,  flats,  coal-boats,  &c.,  6  cents  ]>er  ton. 

All  empty  square  barges  and  coal-boats,  5  cents  per  ton. 

Small  boats,  $4  each. 

Kafts  of  logs,  &c.,  measurement  and  rates  the  same  as  for  coal-boats. 

Boats  belonging  to  or  chartered  by  the  United  States,  free. 

Towing,  harbor  rates. 

Use  of  dredge,  (2.50  per  hour. 

Use  of  steam-pump,  |2.50  per  hour. 

Use  of  dry-dock,  |15  for  flrst  day  and  $10  each  subsequent  day. 

With  this  reduction,  the  receipts  of  tolls  for  the  months  of  February,  March,  Apni 
May,  and  June  of  this  year  were  $43,549;  for  the  corresponding  months  of  1877, 
$45,740.60.  This  shows  a  considerable  increase  in  the  business  of  the  canal,  and  tbt^ 
a  still  furtlier  reduction  of  toll  may  be  made  at  some  future  time.  This  should  not  be 
done,  however,  until  all  parts  of  both  the  old  and  the  new  locks  are  in  thoroi^ 
working  order  and  all  woilu  of  permanent  improvement  completed. 


RECEIPTS  AND  EXPENSES. 


The  receipts  for  the  year  have  amounted  to  $99^613.50,  being  $34,449.d5  in  excess  ci 
expendiUiro^  aud  $^2,620.11  iu  excess  of  operating  expenses.  The  expenses  danig 
the  year  have  V>©eii  %<qS>,\^.^.    Ol  Wi\^  ^vl^qwwX.  ^^^W^ Aft  ^la*  &\ivliea  to  extensive 
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i-epaira  and  improvements  of  a  permauent  nature,  leaving  $46,993.39  as  the  expense  of 
operating  the  canal.  These  operating  expenses  will  seem  large  if  compared  with  those 
of  other  canals,  but  in  making  the  comparison,  it  must  be  borne  in  mind  that  the  diffi- 
oalties  to  be  encount-ered  here  in  moving  the  gates  and  the  necessary  expenses  to  keep 
the  canal  in  good  working  order  are  much  greater  than  at  any  other  point. 

These  difficulties  arise  from  the  defective  manner  in  which  the  gates  are  suspended, 
their  extreme  weight,  and  the  immense  amount  of  deposit  brought  into  the  canal  and 
lock-chambers.  The  expense  attending  the  removal  of  this  deposit  alone  must  neces- 
isarily  be  gi'eat,  as  it  requires  the  almost  constant  employment  of  a  steamboat,  2  dredges, 
a.ud  4  dumji-scows. 

WORK  PROJECTED  FOR  NEXT  YEAR. 

The  following  work  wUl  be  attempted  during  the  coming  year  if  money  and  time 
are  available: 

Rebuilding  the  old  locks,  converting  three  chambers  into  two. 

Building  three  sets  of  lift-gates  an(f  one  set  of  guard-gates  for  same. 

Building  one  set  of  lift-gates  for  new  locks. 

Moving  the  bridge  crossing  the  old  locks  to  a  more  convenient  locality. 

Changing  the  method  of  suspending  the  ^ates  of  the  new  locks  and  substituting 
iron  for  wooden  masts.  The  present  method  is  very  defective  aud  largely  increases  the 
coat  of  working  the  canal. 

Building  a  sufficient  number  of  cottages  on  the  south  bauk  of  the  canal  to  accom- 
modate the  lock-hands. 

Continuation  of  grading  and  sodding  of  both  banks  of  the  canal  below  the  bridge, 
nsing  the  material  remov^  from  banks  aud  lock-walls  for  filling  in  about  the  supenu- 
tendent's  office. 

Replacing  frame  engiue-house  and  watch-houses  on  loek-walls  with  substantial  ones 
of  stone  or  brick. 

Building  a  new  hull  for  dredge  No.  1. 

Ordinary  superuitendeuce,  management,  and  repairs. 

In  conclusion,  I  take  great  pleasure  in  testifying  to  the  faithful,  just,  and  efficient 
manner  in  which  the  superintendent  and  his  assistants  have  j>erformed  their  duties. 
Very  respectfully,  your  obedient  servant, 

A.  N.  Lek, 
Captain  of  Engineers. 

Capt.  A.  Mackenzie, 

Coi'ps  of  EngineerSj  U.  S.  A. 

Detailed  stateaient  of  wesele  passed  throttgh  the  Ijouumlle  and  Portland  Canal  during  the 

fisoal  year  ending  June  30,  1878. 


Dat«. 


1877. 
July 

AUKQSt 

Seplcanber — 

0«  toiler 

November 

Decoimber  — 

1^8. 

Janoary  

February 

March 

April 

May 

June 

Total . . . 


Passenger  boats. 


Tow-boats. 


I 


79 
83 
50 
64 
95 
86 


71 
49 
5« 
97 
77 
86 


895 


Under 
tonnage. 


83,984 
25,676 
10, 811 
14,243 
31,006 
34,343 


28.477 
22,408 
21,569 
38,773 
30.903 
35,417 


'A 


38 
38 
4 
25 
45 
48 


51 
43 
39 
50 
60 
46 


327,610       487 


Under 
tonnage. 


5,887 
2,585 
343 
1,  510 
5.193 
8,087 


8,773 
4,934 
6,482 
7,368 
9,651 
7,116 


Model  barges. 


67,929 


C 

^ 


76 
29 
9 
9 
72 
69 


59 
29 
71 
87 
105 
90 


705 


Under 
tonnage. 


20,434 

5,256 

1,693 

1,629 

16, 737 

18,073 


14,801 
7,777 
19,283 
22,158 
27,373 
24,400 


Square  barges. 


I 


ao8 

35 

31 

37 

262 

339 


399 
232 
239 
186 
366 
193 


179,614  I    2,527 


Under 
tonnage. 


55,826 
4,095 
5,808 
3.441 

53,469 
110, 799 


129,801 
72,288 
79,105 
46,370 

117,390 
46,023 


724,325 


Small 
boats. 


13 

19 

2 

9 

44 

8 


11 
9 

15 
6 

12 

10 


158 
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Detailrd  tUitememt  of  receipU  of  the  LomUrilU  amd  Portlmmd  C^rnml  f^ 


Dndgution. 


"Snmkmitl 


;«    * 


7.VJ 

106 
S2 


Suambotitii... 

do 

TowbfjaU 

dtt 

Model  Ymrztm. 
do.   .^ ... 


Square  b«rgMi 

do 

do 

SmaU  bo*U. . . 
do 


3i7F® 
35.1*0 

100,  TU 
2^.900 
23«.41»» 
237,007 


1* 
10 

OS 

06 


•5 
-4 


ii.:*«t 

7  *•  J 

14.1«5# 

««?,7I7S 


Rweipt*  from  Tmt 

R«K-«'iptii  ftmn  dry -dock. 
R^^^-ilitJj  from  towing... 
&ec4fipu  Crom  dredgii^. 


IMS 


Total  receipto St.  03  2 


•Each. 

XOTB. — Thifl  dtatrai^iit  inclad*!*!  the  amoant  oollectod  op  to  12  p.  m.  of  the  nicht  of  Jane  39,  1878.  flii 
will,  therefore,  not  agree  with  the  amount  of  depoaitt  a«  shown  in  ftnanfial  stateokmt. 

Detailed  ttatement  oferpmses  for  fuperimtendenct,  mamagement^  amd  repaint  of  the  lAmitrSli 
and  Portland  Canal  for  thejiscal  year  ending  June  30,  1878. 


Lockage  deiMrtment. 


Date. 


i 


1877.  ' 

Jul  V $2,  3ft4  83 

AuiniHt 2,  .T«)  00 

September 2,  205  00 

(X-tober 2,2X6  00 

November 2,247  52 

December 2,ar7  50 

1878.  i 

January 2, 639  66 

February ;  2,  552  25 

Manh !  2,601  43 

April 2, 375  00 

May 2,.'r75  00 

June 2,375  00 

Total 29,009  28 


3 

li 

II 

££ 

e 


$264  04 

230  01 

1,  OtCJ  71 

1, 101  71 

814  05 

147  97 


316  52 
119  84 
148  42 
181  97 
2.%  87 
226  24 


3 

o 


$2,648  87 
2,  560  01 
3, 288  71 
3,387 
3.061 


71 
57 
2, 845  56 


2, 956  18 
2,  672  09 
2, 749  85 
2,556  97 
2,628  87 
2,601  24 


Dredge  department. 


|2 

Si 


5 

s 


S 

6 

E 
► 
t 


$925  58 
915  00 
900  00 
8.52  00 
821  34 
820  00 


820  00 
835  00 
835  00 
835  00 
861  75  I 
835  00  ' 


$194  80  $1, 120  38  #1, 172  43 
261  85  ,  1. 176  85  1. 368  13 
235  82  .  1, 135  82  1, 417  42 
170  16  1,  022  16  2, 178  12 
203  98  I  1, 02.5  32  1,  0H4  66 
223  76  1, 043  76  ;   503  56 


t 


271  75 
373  91 
192  37 
300  70 
178  99 
172  00 


1,091  75 
1, 208  91 
1,027  37 
1. 135  70 
1,  040  74 
1,007  00 


3,137  63 
81  17 
554  33 
1,071  20 
1,796  18 
3.806  33 


Gnai 
totaL 


$4.M1< 
S.1MS 
5.8411 
6.5iCI 

5.  in: 

4.  set 


7. 185 : 

4.3311 
4,763) 
5.464' 
7,414' 


4,  888  35   33,  957  63    10, 255  67     2, 780  09   13,  035  76  18, 170  16     &5, 16 


XoTK. — Thin  Htatement  shows  the  expenses  of  the  month  in  which  they  were  incurred,  and  *i 
therefore  not  agiee  with  the  amount  of  expenditurcH  as  given  in  financial  statement. 


HISTORICAL  AXD  DESCRIPTIVE    SKETCH  OF  THE    LOUISVILLE  AND   PORTLAXD  CAXAL 

A  mas8  of  rocks  in  the  bed  of  the  Ohio  River  opposite  Louisville,  Ky.,  forms  aseri* 
of  obstnictions  known  as  the  Falls  of  the  Ohio.  The  bed  of  the  river  at  this  point  hj 
a  fall  of  26  foet  in  a  distance  of  about  2  miles,  four-tifths  of  this  fall  being  within  : 
distance  of  al>out  1  mile. 

The  river  rises  and  falls  more  rapidly  l)elow  than  above  the  rapids,  the  difference  o 
level  being  26  feet  (Vwiiw^Xo'w  -vaX^T  oivd  but  18  inches  when  the  river  is  high. 

The  falls  or  rapids  axe  \\x\p«u^ea^iVi  ^\mw^  «.\wt^«i  ^t\Sssv!L^1\\v^  ^^w^>  and  at  all  otb« 
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times  except  when  the  river  is  very  high,  navigation  over  them  in  difficnlt  and  dan- 
gerous. 

As  eariy  as  the  year  1802  the  expense  and  delay  Jittending  the  reshipment  of  freight 
around  the  falls  from  the  Lower  to  the  Ui)per  Ohio  had  heoonie  so  serious  that  numer- 
ous plans  were  proposed  for  overcoming  the  ohstniction,  hut  no  active  measures  were 
taken  until  the  year  1825,  when  a  stock  company  obtained  a  charter  from  the  legisla- 
ture of  the  State  of  Kentucky,  authorizing  them  to  construct  a  canal  around  the  Falls 
of  the  Oliio  within  the  State  of  Kentuckv. 

This  canal  was  completed  and  the  nrst  l>oat  paased  through  December  22,  1830, 
though  many  subsequent  improvements  were  made.  As  originally  constructed  the 
canal  was  1.9  miles  long,  64  feet  wide,  and  had  at  its  lower  end  three  lift-locks  (com- 
bined), each  198  feet  long,  between  miter-posts,  with  available  length  of  185  feet,  50 
feet  wide,  with  lift  of  8|  feet. 

The  final  estimates  of  the  engim^er  in  charge  on  the  amount  of  work  done  were  as 
follows:  Earth  excavation,  615,249  cubic  yards;  rock  ex(^avation,  162,551  cubic  yards; 
embankment,  1:^3,203  cubic  yards ;  masoniy,  27,713  perches  of  25  cubic  feet ;  pavement, 
113,635  square  yards. 

The  average  prices  paid  for  work  were  as  follows :  For  earth  excavation,  15  cents 
per  cubic  yard ;  for  rock  excavation,  |1.5U  per  cubic  yaitl ;  for  nuisonry,  $12.37  per 
perch  ;  for  paving  slopes,  1  foot  thick,  15  cent**  per  square  yaixi.  The  company  were 
at  the  additional  expense  of  furnishing  and  working  a  steam-pump,  when  necessarj'. 

The  total  cost  of  the  work,  including  the  purchase  of  land  and  building  canal,  was 
11,019,277.09. 

In  ikw),  when  the  canal  was  completed,  its  dimensions  were  thought  to  be  sufficient 
for  all  time,  but  gradually  the  size  and  model  of  steamboats  were  so  changed  that  in 
1852  but  fifty-seven  one-hundredths  of  the  tonnage  engaged  on  the  western  waters 
could  pass  through  the  locks. 

The  aid  of  Congress  was  invoked  from  time  to  time,  and  in  1842  an  elaborate  me- 
morial was  presented,  setting  forth  the  inadequacy  of  the  Louisville  and  Portland 
Canal  and  avsking  for  an  appropriation  for  its  enlargement. 

The  evident  neceasity  for  an  enlargement,  as  well  as  the  demand  of  the  public 
for  a  reduction  of  the  lieavy  rates  of  toll,  induced,  in  many  of  the  stockholders,  the 
opinion  that  the  canal  should  be  held  by  the  United  States,  enlarged,  and  made  free. 
With  a  view  to  this,  the  Kentucky  legislature,  in  January,  1842,  upon  petition  of  the 
Louisville  and  Portland  Canal  Company,  amended  the  charter  to  admit  of  liquidating 
the  stock  and  ultimately  making  the  canal  free.  The  president  and  directors  were 
authorized  to  sell  the  stock  held  by  individuals  to  the  United  States,  the  State  of 
Kentucky,  or  the  city  of  Louisville,  or  further  to  appro^mate  the  net  income  of  the 
canal  to  the  purchase  of  stock  belonging  to  individuals  mstead  of  making  dividends 
therewith,  and  it  was  further  provided  tnat  the  shares  so  purchased  should  be  held  in 
trust  by  said  directors  until  the  whole  belonging  to  others  than  the  United  States 
should  be  liquidated,  and  when  all  were  so  purchased  the  said  shares  should  be  trans- 
ferred to  the  Unit«^d  Stat-es  on  condition  that  the  government  should  levy  tolls  only 
sufficient  to  keep  the  canal  in  repair  and  pay  all  neceasary  expenses  for  custody  and 
superintendence  and  make  all  necessary  improvements  so  as  to  fully  answer  the  pur- 
poses of  its  establishment  and  protect  the  interests  of  commerce.  This  amended 
charter  was  accepted  by  the  stockholders  July  4,  1842.  The  United  States,  one  of  the 
Htockholdei*s,  was  reju-esc^nted  by  an  agent,  who  verbally  accepted  the  amendment,  but 
having  no  instructions  from  the  Secretary  of  the  Treasury',  did  not  have  his  vote 
recorded. 

In  February,  1844,  the  Kentucky  legislature  amended  the  act  of  January,  1842,  by 
enacting  that  in  the  ev^ent  of  the  United  States  becoming  the  sole  owner  of  the  canal, 
the  jnrisfliction  of  the  commonwealth  over  the  said  canal  would  be  yielded  up  to  the 
Government  of  the  United  States,  and  no  reports  would  l>e  i-equired  to  be  made  to  the 
general  assembly.  It  was  in  accordance  with  this  amendment  that  the  govennnent 
linally  took  possession  of  the  canal. 

When  the  necessity  for  an  enlargement  became  apparent  and  the  tolls  became  a  bur- 
den on  western  commerce,  it  was  natural  for  those  interested  in  the  river  traffic  to 
look  to  Congress  for  relief;  for  not  only  was  the  canal  a  part  of  a  national  highway, 
but  the  IJnited  States,  being  a  large  stockholder,  had  derived  a  profit  from  the  tolls 
collected. 

In  June,  1825,  Congreas  authorized  the  subscription  for  1,000  shares  of  stock,  and  in 
1829  again  authorized  a  subscription  for  1,335  shares,  which  had  been  forfeited  by  indi- 
vidual stockholders  for  want  of  confidence  in  the  enterprise. 

In  December,  18JU,  567  shares  of  stock,  representing  interest  accrued,  were  iasued  to 
the  United  States.  In  all,  the  government  owned  2,902  shares,  which  hml  cost  but 
$233,500.  From  18.32  to  1842  the  govenmient  received  as  dividends  fi-om  tolls  imposed 
on  the  commerce  of  the  West,  |257,778.  Dimng  the  same  time  there  was  i)aid  to  pri- 
vate stor-kholders  ^564.716. 

In  18^5,  after  all  indi vidua]  shares  had  lieen  puxcliaftexl,  exc^\)Wwv;^  ^wc^^^  \v.v?v\>s^ 
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the  directors  at  the  request  of  the  Secretary  of  the  Treasury,  the  stock  stood  as  fol- 
lows : 

Held  by  directors  individually,  5  shares. 

Held  by  direct^jrs  in  trust  for  the  United  States,  7,093  shares. 

Held  by  the  Unittrd  States,  2,902  shares. 

Tlie  Uuite<i  States  had,  therefore,  without  ex|)en8e  acquireil  9,995  shares  of  stock, 
and  in  consequence  of  the  refusal  of  Congress  at  this  time  to  accept  the  canal  as  a  gov- 
ernment wort,  on  the  conditions  imposed  by  the  Kentucky  legislature,  ite  manage- 
ment remained  in  the  hands  of  five  directors  of  the  canal  company. 

Despairing  of  government  aid,  the  directors,  in  1856,  at  the  suggestion  of  the  Secre- 
tary of  the  Treasury,  pre]>ared  plans  for  enlarging  the  canal,  ancTan  act  was  obtained 
from  the  Kentucky  legislature  authorizing  the  directors  to  appropriate  the  revenue 
and  pledge  the  credit  of  the  company  for  tlie  enlargement  of  the  canal.  On  the  24tli 
of  May,  1860,  Congress  ratified  this  authority  with  the  proviso  that  the  prefddent  and 
directors  of  the  company  should  in  no  way  use  or  pledge  the  faith  or  credit  of  the 
United  States,  and  tliat  when  the  enlargement  was  completed  and  paid  for  no  more 
tolls  should  be  collected  than  an  amount  sufficient  to  keep  the  canal  in  repair  and  ptj 
necessary  ex))enses  of  superintendence  and  management. 

The  directors  immediately  raised  money  by  issuing  bomls,  purchased  land,  and  en- 
L  g^^l  th^  services  of  Mr.  T.  R.  Scowden,  a  distinguished  hydraulic  en^ueer,  und<? 

*  whose  directions  detailed  plans  were  prepared  and  the  work  of  enlargement  was  com- 

menced. The  war  of  the  rebellion  so  increased  the  cost  of  labor  and  material  that  the 
original  estimates  were  greatly  overrun,  and  in  1866,  after  expending  $1,8:^,403,  woii 
was  nec^essarily  susfiended. 

By  joint  resolution  of  Congress  approved  March  29,  1867,  the  Secretary  of  War  wm 
direcUnl  to  cause  to  be  made  by  an  officer  of  the  engineers,  surveys  and  estimates  for  a 
ship-canal  around  the  Falls  of  the  Ohio  on  the  Indiana  side  of  the  river;  also  to  caoae 
to  be  made  by  the  same  officer  estimates  for  completing  the  LonisviUe  and  Portla&d 
Canal  on  the  Kentucky  side  of  the  river. 

From  these  examinations  and  surveys  it  was  concluded  that  whatever  other  work 
might  be  necessary,  tlie  Louisville  and  Portland  C^nal  should  be  immediately  com- 
pletod.  Upon  the  recommendation  of  the  Chief  of  Engineers,  United  States  AimT, 
approved  by  the  Secretary  of  War,  an  allotment  was  made  in  1868  for  continuing  the 
enlargement  of  the  canal. 

The  condition  of  the  work  at  this  time  was  as  follows : 

The  masonry  work  of  the  new  locks  and  upper  guard-gates  was  finished,  exceptiBf 
uew  miter-sills  of  locks,  the  stones  for  which  were  on  hand  but  not  placed. 

Tlie  bridges  were  built. 

The  timber  for  the  gates  was  on  hand  and  partly  framed. 

The  machinery  for  moving  the  gates  was  partly  finished,  but  not  delivered. 

Below  the  locks  a  rock  ledge  obstructed  tue  entrance  to  the  canal. 

The  lock-chambers  and  space  from  the  locks  to  the  river  were  almost  entirelv  filled 
with  sediment,  and  willow  trees  three  inches  in  diameter  were  growing  in  the  iock*. 

A  portion  of  the  excavation  in  the  branch  canal  and  large  basin  was  done,  but  i 
heavy  bank  of  earth  still  separated  the  new  branch  from  the  old  canal. 

A  small  portion  of  the  earth  excavation  along  the  south  bank  for  widening  the  canal 
had  been  made  and  the  earth  excavation  for  the  turn-out  basin  had  been  aLuost  com- 
pleted. 

The  work  determined  on  for  completing  the  (enlargement  and  improving  navigatioo 
was  as  follows : 

To  build  an  apron-dam  at  the  easteiTi  eiid  of  the  canal  in  continuation  of  the  nofth 
bank  about  1,800  feet  long,  to  prevent  boats  bein^  drawn  onto  the  rocks. 

To  build  a  cross-dam  on  Uie  crest  of  the  falls  with  a  sufficient  height  to  secure  6  feet 
of  water  in  the  canal  during  low  stages  of  the  river.  This  dam  rendeo'ed  unuoceaBar]f 
3  feet  of  rock-cutting  in  the  canal  and  effected  »  saving  of  about  $300,000. 

To  build  a  dam  below  the  falls  from  the  head  of  Sand  Island  to  the  Indiana  shore, 
and  throw  all  the  water  during  low  stftges  south  of  the  island  and  near  the  mouth  of 
canal. 

To  build  a  high-water  channel  in  the  river  through  the  outer  half  of  the  draw  in 
the  railroad-bridge,  for  the  acconimcMlation  of  boats  when  the  river  was  so  high  th*t 
they  could  not  pass  under  the  bridge  through  the  wide  span  without  lowering  theii 
chimneys. 

To  remove  the  rock  ledges  in  the  river  at  the  foot  of  the  canal  and  at  the  head  along 
the  apron-dam. 

To  complete  the  new  locks,  lay  miter-slUs,  buUd  and  hang  gates,  sot  up  inachineij; 
remove  deposits,  and  put  locks  in  working  order. 

To  complete  tbe  new  branch  canal,  aiid  widen  the  old  canal  22  feet,  by  remoTiug 
earth  and  solid  ixick. 

To  build  a  cut-«ioae  wall  for  the  protection  of  the  south  bank  and  a  portion  of  tbe 
north  bank. 
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To  ^i'a<l^  ftiHl  protect  the  earthen  parapets  rinin^  alwve  the  side  walls  of  the  canal. 

Unuer  the  direction  of  the  Chief  of  Engineers,  United  States  Anny,  the  workahove 
mentioned  was  conunenced  in  1H68,  and  continned  from  year  to  year,  as  rapidly  as  the 
appropriations  made  by  Congi"ess  wonld  permit. 

The  new  and  enlarged  canal,  though  still  incompletie,  was  thrown  open  to  na\iflra- 
tiou  February  26,  187?,  and  in  November,  1873,  the  work  of  enlargement  was  virtually 
conipletwl. 

The  following  are  the  totals  of  work  accomplished  by  the  United  States.  The  work 
done  by  the  company  is  not  included: 

Canal  proper, — Timber  use<l,  51,370  feet,  board-measure;  iron,  235,435  pounds;  rook 
excavation,  including  old  wall  removed,  140,121  cubic  yards;  earth  excavation,  241,858 
cubic  yartls;  masonry,  42,516  cubic  yards;  iilling,  9,473  cubic  yards. 

This  work  was  done  bv  contract,  and  the  prices  paid  were  as  follows:  pine  timber, 
$70  per  thousand  feet ;  oak  timber,  $60  per  thousand  feet ;  cast  iron,  7^  cents  per  ]>onnd ; 
earth  excavation,  60  cents  per  cubic  yard;  rock  excavation,  $2.14  per  cubic  yard; 
removing  old  wall,  $1.05  per  cubic  yanl;  dry  wall,  f0.91  per  cubic  yard;  cement 
masimry  (not  including  backing),  $8  per  cubic  yard. 

High-water  vlumnel. — Earth  excavation,  42,710  cubic  yards;  dry  wall,  3,776  cubic 
yards;  tilling  behind  wall,  2,177  cubic  yards.  The  price  paid  for  earth  excavation  was 
394^  cents  per  cubic  yard,  and  for  masonry  $4.95  per  cubic  yard. 

Sand  hlaud  dam  and  head  of  Sand  Iftland. — Earth  excavation,  3,452  cubic  yards;  rip- 
rap, 11,922.41  cubic  yards;  masoniy,  2,543  cubic  yanls.  The  prices  paid  were,  for  earth 
excavation,  50  cents  per  cubic  yard;  for  riprap,  |3  per  cubic  yard;  and  for  masonry, 
^.50  per  cubic  yard. 

Bock  ledge  at  nead  of  canal. — 10,372  cubic  yardw  were  removed  at  an  average  cost  of 
$6.08  per  cubic  yard. 

Bock  ledge  in  the  river  below  the  canal. — Fffteen  hundred  cubic  yards  were  remove!  at 
a  cost  of  |3.32  per  cubic  yaixl. 

There  was  allotte-<l  to  this  work,  from  appropriations  by  Congress,  including  $100,000 
appropriated  in  1875,  $1,463,200,  making  the  total  cost  of  this  work,  including  original 
coHt  of  canal,  the  amount  expended  by  the  old  company,  and  the  amount  expended 
under  the  dii-ection  of  the  CorjMj  of  Engineers,  about  $4,250,000.  Of  this  amount  the 
government  furnished,  including  bonds  assume<l,  about  $2,500,000,  the  balance  being 
paid  for  by  a  tax  on  the  river  commerce  in  the  form  of  tolls. 

Aft^r  the  completion  of  the  enlargement  in  1873,  the  management  of  tJio  canal 
remained  in  the  hands  of  the  directors  of  the  old  company  until  June  11,  1874. 

On  the  11th  of  Majv%  1874,  an  act  of  Congress  was  approved  providing  for  the  pay- 
ment of  the  outstanding  bonds  of  the  company,  and  the  Secretary  of  the  Treasury  was 
authorized  to  purchase  the  5  shares  of  stook  held  by  the  directors  of  the  company. 
The  Secretary  of  War  wa«  directed  to  take  )M)ssession  of  the  canal  as  the  property  of 
the  United  States,  as  provided  for  in  the  act  of  the  Kentucky  legislature  approved 
February  22,  1844. 

On  the  11th  (rf  Jmie,  1874,  the  Secretary  of  War  took  possession  of  the  canal,  placed 
it«  superintendence,  man^ement,  and  repair  under  the  immediate  charge  of  the  Chief 
of  Engineers,  and  reduce<r the  tolls  to  an  amount  barely  sumcient  for  paying  the  cur- 
rent expenses  and  making  necessary  repairs  and  improvements. 

Though  Congress  failed  to  res|>ond  to  the  many  appeals  made  in  behalf  of  the  Louis- 
ville and  Portland  Canal  between  the  years  1830  and  1868,  it  caused  during  this  tiiue 
several  surveys  and  examinations  to  be  made. 

In  1843,  in  accordance  with  a  resolution  of  Congress,  Captain  Cram,  Corps  of  Eoffi- 
neers,  submitted  a  detailed  repoi*t  upon  the  Louisville  and  Portland  Canal  and  the 
improvement  of  the  falls.  This  report  is  printed  in  Ex.  Doc.  No.  243,  Twenty-eighth 
Congress,  first  session. 

In  1845,  Lieutenant-Colonel  Long,  in  pursuance  of  instructions  from  the  Bureau  of 
Topographical  Engineei^,  made  an  examination  of  the  falls  mid  prepared  plans  for  theii* 
iimirovement. 

In  1853,  in  accordance  with  joint  resolution  of  Congress,  a  board,  consisting  of  ^re- 
vet  Lieutenant-Colonel  Long  and  Brevet  Col.  William  Turnbull,  of  the  Topographical 
Kugineers,  and  Charles  B.  Fisk,  esq.,  made  an  examination  and  report  upon  the  expe- 
diency of  building  a  new  canal  aroiuid  the  falls  and  the  a<l vantages  and  disad vantages 
of  canals  on  the  Tudiana  and  Kentucky  shores  of  the  Ohio  River.  Also  the  cost  of  en- 
larguig  and  exteuding  the  Louisville  and  Portland  Canal.  Tlus  report  is  printed  iu 
Ex.  Doc.  42,  Thirty-second  Congress,  second  session. 

In  1867,  in  accordance  with  joint  resolution  o£  Congress  approved  March  29,  1867, 
M%j.  G.  Weitzel,  Corps  of  Engineers,  w^  charged  with  a  sui'vey  and  examination 
already  refened  to.  The  report  on  this  work  wm  be  found  in  the  Beport  of  the  Chief 
of  Eugineei-s  for  the  voar  1868. 

The  present  canal  leaves  the  Ohio  Eiver  above  the  falls  at  a  point  opposite  Eighth 
street,  runs  in  a  westerly  direction  in  front  of  the  city  of  Louisville,  and  enters  t»\4» 
river  opposite  Sand  Island  a  short  distance  above  Portlawd,  K>'.,  «aA  Xw^a^w  ^8^^  ^«t- 
maueut  obstructiojus  to  navj^atiou. 
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An  aproTwlani,  1,800  feet  long,  facilitates  the  entrance  to  the  canal  and  prevenU 
boat«  being  drawn  on  the  rocks  at  the  liead  of  the  falls.  A  crib  wing-dam  eirtend* 
from  near  the  liead  of  the  apron-dam  along  the  crest  of  the  falls  with  suitable  opening? 
for  passing  boats. 

The  length  of  the  canal,  inclnding  the  new  branch,  is  24  miles,  and  the  widths  m 
at  npper  entrance  400  fe^^t,  at  tnniont  basin  176^  feet,  and  thronghoiit  the  canal  i*j| 
feet.     The  depth  of  the  water  varies  with  the  stage  of  the  river.     Wlieii  the  c 
on  the  crest  of  the  falls  is  completed  the  minimnm  dejith  will  be  6  feet. 

The  south  bank  of  the  canal  and  the  greater  portion  of  the  north  bank  are  protect*^' 
by  stone  walls  fonnded  on  the  solid  rock  throngn  which  the  canal  is  excavat<Ml.  Fr«i 
the  top  of  these  walls,  after  leaving  a  berme  of  from  15  to  30  feet  in  width,  eartAfi 
parapets  with  slopes  of  2  on  1  rise  to  a  height  of  44  feet  above  the  canal  lK»ttom  aod 
1.3  feet  above  the  highest  known  flood. 

Near  the  head  of  tlie  canal  is  a  set  of  guard-gates  used  to  shut  out  tlie  water  in  «« 
repairs  are  necessary.  The  locks  are  all  placinl  at  the  lower  or  western  end  of  \k 
canal.  The  old  set  are  now  being  renuHleled  by  converting  the  tliree  chambere  int<i 
two  of  a  size  sutticient  for  passing  all  stem-wheel  boats  nmning  during  ordinary  stages 
of  the  water,  and  all  sizes  of  flat-boats  and  barges.  The  new  locks  form  the  outlet  df 
a  short  branch  leaving  the  canal  a  short  distance  alwve  and  entering  the  river  a  rfwrf 
distance  below  the  old  locks.  The  new  locks  are  the  pioneers  of  their  size ;  they  w 
two  in  number  (combined),  80  feet  in  width,  372  feet  in  length  between  niiter-iwrt^. 
with  an  available  length  of  335  feet ;  the  lifts  are  12  and  14  feet. 

The  side-walls,  breast-walls,  and  bridge-piers  are  built  of  Cannelton  limestone,  la^ 
in  hydraulic  cement  in  regular  2-foot  <^ourse«.  The  ma«onrj'  all  rest*  upon  the  M 
bed-rock  which  forms  the  floor  of  the  lock-chambers. 

The  breast- walls  and  miter-sills  are  built  in  an  arched  form  and  abut  in  the  side-waDi 
The  arch  and  miter  stones  are  2  feet  thick.  They  are  laid  in  hydraulic  cement,  add  a 
addition  each  stone  is  fastened  to  the  solid-rock  bed  by  l|-incli  bolts  6  feet  long.  Thf 
timber  cushions  against  which  the  gates  close  are  of  oak,  and  their  top  is  flush  witi 
the  stone-work.     These  timlM^rs  are  bolted  to  the  nM;k  bed. 

The  dimensions  of  the  gates  are  shown  on  the  acct»mpanying  plans.  The  high  guard 
or  flood  gates  at  the  head  of  ihe  new  locks  are  built  of  oak  and  pine,  and  each  M 
weighed  when  first  launched  69.61  tons.  These  gato*  are  much  lignt^^r  in  proportifii 
than  the  lift-gates,  having  but  a  small  water-pressure  to  stand.  They  wert^  recently 
built  by  the  United  States  at  a  cost  of  |6,227.59. 

Tlie  upper  lift-gatesarebuilt  of  oak  and  pine,  while  the  lower  and  middle  gatefi(lift- 
gates)  are  entin»ly  of  oak.  Tlie  middle  gates  are  the  heaviest,  each  leaf  wei^him 
nearly  90  tons.  The  lift-gates  were  built  by  the  canal  company  in  accordance  wi^ 
plans  prepared  by  Mr.  T.  R.  Scowden;  the  contract  price  for  the  upper,  middle,  an<l 
lower  set,  exclusive  of  ircm,  was  f8,700,  $12,000,  and  |9, 646.57  re.specti vidy.  The  qnoii 
and  miter  posts  of  all  the  gates  are  built  up  of  IVmr  pieces,  firmly  bolt<Ml  and  strapH 
together.  A  hollow  cue  extends  through  the  posts  of  the  high  guanl-gates,  and  by 
filling  this  cue  with  salt  or  some  other  jireservative  it  is  hoped  that  the  ]M>Rts,  which 
usuafly  are  the  first  part  of  a  gate  to  decay,  can  be  made  to  last  as  long  as  the  amis. 

The  guard-gates  at  the  hea<l  of  the  canal  were  bnpt  in  1^77  by  the  ITnitCHl  Statf* 
They  cost  ccunplete  $4,690.79.  They  are  of  oak  and  pine,  and  the  anus,  or  girclers,  are 
built  beams,  trussed  with  iron  rods,  and,  as  in  the  high  guard  gate«,  diagcnial  brac« 
and  planking  were  used.  This  plan  has  been  adopted  for  the  new  gates  about  t^  l* 
built  for  the  old  canal. 

Each  gate  has  a  chilled-iron  socket  on  the  foot  of  the  quoin-post,  whi<-h  rests  and 
turns  on  a  pivot  bolted  to  the  rock,  and  the  top  of  the  post  is  held  by  an  iron  collar 
To  relieve  a  portion  of  the  weight  on  this  collar  and  prevent  sagging,  a  roller  is  plae<4 
under  the  lower  arm  near  the  miter-post,  and  in  addition  the  lift -gates  are  suspeuded 
fi'om  masts. 

The  lock-chambers  are  filled  and  emptied  through  the  lift-gates,  there  being  in  a 
set  of  gates  10  openings,  each  t^)  feet  by  36  feet.  These  openings  ai*e  closed  by  cast- 
iron  wickets  turning  on  a  vertical  axis;  they  are  moved  by  a  lever  through  a  vertiral 
rod  running  to  and  projecting  slightly  alnive  the  toji  of  the  gate. 

The  gates  are  opened  and  closed  by  capstans,  there  being  two  for  each  set  located 
on  the  adjacent  side  walls.  The  motion  of  the  capstan  is  communicat<Hl  l»y  l>eveled 
gear  to  two  horizontal  shafts,  being  under  the  coping  and  parallel  to  the  axis  of  the 
lock.  At  the  end  of  these  shafts  arv  pinions  working  in  large  wheels  which  carry  titf 
drums  on  which  wind  the  chains.  Considering  the  upper  drum,  the  chain  is  carrieJ 
vertically  do^Tiward  through  a  well-hole  under  a  friction-drum  and  out  thn>ugh  th« 
side  walls  over  friction-rollers,  5  feet  above  the  bottom  of  the  kH!k  ;  it  is  then  attaobf<i 
to  the  gate  of  its  own  side,  5  feet  above  the  foot  of  the  miter-post!  Considering  tbt 
lower  drum,  the  chain  passes  down  and  out  similarly  to  the  upper  chain,  and  is  thea 
carried  ticross  and  attached  to  the  gate  at  the  opposite  side.  As  one  chain  winds  tli* 
other  unwinds,  and  thus  turning  the  cajjstan  in  one  dii-ection  opens  tlu»gate  of  its  owi 
side,  while  tuxuin^  V\\  t\\\5  oX\\t?T  (\\\^v;\\v\w  ^\ovwa  the  o\}posit<^  gate.  Tlie  oi>enings  iB 
the  side  walls  were  vVae^^A.  ^  iviv.^\  ^\^q\v^  Wvei  XioWowx  <5!i  >Ct^^  Vs«>iw\ft  vchvsvSl**  uiiuh  » 
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posHible  tlio  deposit  of  Hedimont,  and  this  height  reqiiiren  a  certain  amount  of  slack  in 
tJie  chains  to  prevent  the  catching  of  panning  lioats.  For  the  middle  lift-gat«8  1-inch 
chrome-stwil  chains  are  used^  for  the  lower  gates,  1-inch  iron  chains,  and  for  other 
gat^M  |-inch  iron  chains. 

For  wliat  was  considered  good  and  sufficient  reasons,  when  the  gate  machinery  was 
first  devised  man-power  was  ado)>te<l,  and  it  is  still  usimI  on  the  ca^istans,  but  a  more 
economical  and  as  easilv  regulated  power  will  mmn  be  applitMl. 

Rises  in  the  river  wnich  submerge  the  lower  locks  are  frequent,  and  occasionally 
l)oth  locks  are  entirely  under  water.  At  such  times  the  sediment  deposited  is  enormous. 
As  an  example,  the  amount  of  sediment  left  aft«r  the  uuusual  nse  of  August,  1875, 
was  as  follows:  In  the  new  locks,  20,629  cubic  yards,  being  11  feet  deep  in  the  lower 
chamber;  in  the  old  locks,  9,0()()  cubic  yards;  and  in  the  canal  near  its  upper  end, 
24,000  cubic  yards.  This  deposit,  in  a  greater  or  less  degree,  is  continually  going  on, 
and  a  steamboat,  two  dredges,  and  four  dump-scows,  all  belonging  to  the  canal,  are 
constantly  in  use  removing  from  the  canal  and  locks  every  year  nearly  100,000  cubic 
yards. 

The  time  of  lockage  varies  with  the  stage  of  water.  When  the  river  is  high  and 
but  one  chamber  is  used,  a  lockage  occupies  about  half  an  hour,  but  at  ordinary  and 
low  stages,  when  both  chambers  are  used,  one  hour  is  necessary.  With  an  extra  force 
of  men,  the  time  of  lockage  for  coal-tows  through  two  chambers  can  be  reduced  to 
about  45  minutes.  The  opening  or  closing  of  a  set  of  gates  occupies  about  7  minutes, 
and  the  tilling  or  emptying  chambers  about  11  minutes. 

Tb^  Louisville  and  Portland  Canal,  as  regards  power  and  time  required  for  lockages, 
cannot  l>e  projwrly  compared  with  other  works,  for  at  no  canal  in  the  world  do  we 
find  at  the  same  time  such  immense  gates  and  so  great  an  amount  of  sediment. 

The  experience  of  a  few  years  on  this  work  has  suggested  many  changes  and  im- 
provements, and  when  new  and  lighter  lift-gates  are  substituted  for  those  now  in  use, 
and  when  plans  already  perfecte<l  for  facilitating  their  movement  are  put  in  operation, 
the  trouble  with  sediment  around  gates  will  be  done  away  with  and  the  time  of  lock- 
agc^s  will  be  reduced. 

A  dry-dock,  corresponding  in  size  to  the  old  locks,  is  connectM  with  the  canal 
just  above  the  new  branch.     This  dock  is  cut  out  of  the  solid  bed-rock. 

A  line  of  telegraph  erected  in  1876  connects  the  head  and  foot  of  the  canal. 

The  canal  offices,  store-houses,  and  machine-shops  are  all  located  near  the  new  locks. 

The  locks  are  illumiuat-ed  by  powerful  reflecting  lights,  which  make  work  by  night 
as  easy  as  by  day. 

The  government  assumed  the  management  of  the  canal  June  11,  1874,  and  immedi- 
ately reduced  tolls  to  less  than  one-fifth  of  former  rates.  It  was  predicted  that  with 
HO  great  a  reduction  the  canal  could  not  be  made  self-sustaining,  but,  on  the  contrary, 
the  receii)ts  have  not  only  been  sufficient  for  all  operating  expenm^s,  but  have  furnished 
a  8nri>lu8  fund,  which  has  been  used  for  making  extensive  repairs  and  improvements 
and  putting  all  parts  of  the  canal  and  accessories  in  perfect  working  order. 

The  plates  accompanying  this  sketch  show  the  condition  of  the  canal  before  and 
subsequent  to  the  enlargement,  the  three  difl'erent  classes  of  gatt^  in  use,  details  of 
the  opening  and  closing  gear,  and  the  relative  i>osition  of  the  diflerent  canal-gauges 
and  scale  of  references.  There  is  also  given  the  references  of  the  most  important 
points  in  and  above  the  canal. 

On  plate  5  are  given  s4»ction8  of  the  locks,  canal  and  retaining  walls.  Figure  1  is  a 
rej»resentative  section  of  the  canul.  It  is  taken  about  KK)  feet  south  of  the  middle 
turnout  basin.  The  dotted  line  shows  the  south  bank  and  wall  previous  to  enlarge- 
ment. 

Figure  2  represents  the  wall  above  the  guard-gates.  Figure  3  is  a  standard  section 
of  retaining  wall  from  the  guard-gate  to  the  locks.  Figure  4  is  a  section  of  the  river 
wall  in  higli-water  channel  throughout  a  half  of  draw  in  railroa<l-bri(lge.  Figure  5  is 
a  section  of  the  guide-wall  below  the  new  locks.  Figure  6  is  a  miction  of  revetment 
wall  at  the  foot  of  Ninth  street,  Louisville.  Figure  7  gives  an  elevation  of  retaining 
wall,  showing  buttresses  plaeed  in  wall.  These  buttresses  were  placed  every  400  feet, 
and  the  coui>k's  of  masonry  ranged  between  two  buttresses. 


superintendence,  management,  and  repair  of  the  louisville 
and  portland  canal  for  the  year  ending  december  31,  1877. 

War  Department, 
Waslmigton  City,  January  16,  1878. 

The  Secretary  of  Wiir  has  the  honor  to  transmit  to  the  United  States 
Senate^  for  the  iDformation  of  the  Committee  ouC»o\\v\Ykft;t^>x^^^^\»^^ 
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Maj.  O.  Weitzel,  Corps  of  Engineers,  on  the  saperintendence,  manage- 
ment, and  repair  of  the  IiOui8^ilIe  and  Portland  Canal,  for  the  year  end- 
ing December  31,  1877,  with  letter  of  the  Chief  of  Eugineera  submitting 
the  same. 

Tlie  report  is  approveil,  and  in  aceonhmce  with  the  pro\isions  of  sec- 
tion 3  of  the  act  of  Congress  of  May  11,  1874  (18  Stat.,  p.  44),  the  rates 
of  toll  mentioned  in  tlie  letter  of  the  Chief  of  Engineers  are  declared 
and  fixed  as  the  charges  to  be  collected  for  the  current  calendar  year. 

Geo.  W.  McCrary, 

Secretary  of  TTar. 

Tlie  President  of  the  United  States  Senate. 


letter  of  the  chief  of  engineers. 

Office  of  the  Chief  of  Engineers. 

Washingtonj  D.  C,  January  14, 1878. 

Sir  :  To  comply  with  the  requirements  of  section  3  of  the  act  of  May 
11,  1874,  "  providing  for  the  payment  of  the  bonds  of  the  Loui8^ille  and 
Portland  Canal  Company  ^  (Statutes  at  Large,  vol.  18.  page  43),  I  have 
the  honor  herewith  to  subuiit  copies  of  the  report  or  Maj.  G.  Weitzel, 
Corps  of  Engineei-s,  on  the  superintendence,  management^  and  repsur 
of  that  canal  for  the  calendar  year  ending  December  31,  1877,  and 
of  the  receipts  and  expenditures  for  the  same  period. 

It  will  be  seen  that  during  the  year  the  receipts  have  exceeded  the 
expenditures  in  the  sum  of  $27,519.58,  and  that  the  balance  available 
on  the  Ist  Jauuarj',  1878,  amounts  to  $54,519.68. 

As  in  previous  j  ears,  permanent  improvements  and  repairs  have  been 
continued  on  diftei-ent  parts  of  the  work,  in  order  of  their  necessity,  as 
rapidly  as  the  excess  of  tolls  over  expenses  of  management  w^ould  war- 
rant; and  it  will  be  seen  from  this  report  that  the  pohcy  adopted  of 
continuing  to  place  the  canal  and  it«  appurtenances  in  better  working 
condition  has  gradually  and  steadily  given  increased  facilities  to  the 
business  of  the  canal. 

During  the  last  half  of  the  year  1874,  274,3C5  tons  were  passed  through 
the  canal,  at  an  expense  of  9.12  cents  per  ton  for  sui>eriiit-endence,  man- 
agement, and  onlinary  repairs ;  in  the  year  1875,  757,695  tons,  at  6.14 
cents  per  ton;  in  1876,  871,446  tons,  at  5.6  cents;  and  in  1877,  999,610 
tons,  at  4.97  cents  per  ton. 

In  view  of  the  increase  of  the  business  and  income  of  the  canal  during 
the  year,  and  there  being  a  balance  sufficient  to  complete  all  the  work 
remaining  to  be  done  on  the  canal,  and  still  leave  a  sufficient  surplus  at 
the  end  of  the  year  to  meet  any  extra  and  unforeseen  expenses  that  may 
arise,  M{\jor  Weitzel  recommends  a  further  reduction  of  tolls,  and  that 
they  be  established  at  the  following  rates  viz : 

8t4»anil>oatB  and  model  barges,  8  cento  per  ton. 

8<iuare  bargc*M,  flatw,  coal-boatn,  Ac,  6  cents  per  ton. 

All  empty  siinare  barges  and  coal-boats,  5  cents  per  ton. 

Small  boats,  $4. 

Kafls  of  logs,  &c.,  measnroment  and  rates  tbe  same  as  for  coal-boats. 

}k>ats  belonging  to  or  chartered  by  tlie  United  States,  free. 

Towing,  barbor  rates. 

Use  of  dredge,  $2.50  per  honr. 

U^se  of  steam-])ump,  ^2.50  per  bonr. 

Use  of  dry -dock,  $15  lirst  day,  and  $10  each  snbseqnent  day. 

It  being  deemed  pnident  to  have  at  all  times  an  available  surplus  of 
at  least  <f25,(KK),  to  meet  any  sudden  and  serious  accidents  that  may 
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occur,  in  order  to  avoid  interniption  to  commerce,  a  reduction  of  tolls 
greater  than  the  above  is  not  now  ad\i8able.  There  is  little  doubt,  how- 
ever, that  in  the  next  year  a  further  reduction  as  great  as  this  may  be 
safely  made. 

Section  3  of  the  act  of  Congress  above  referred  to  contains  the  follow- 
ing provision : 

And,  to  ascertain  what  rates  wiU  pay  curreut  expenses  after  the  present  year  (1874), 
the  Secretary  of  War  shall,  on  the  first  Monday  in  January  of  each  year,  aseertain  from 
"the  expenses  of  the  previous  year  what  tolls  will  prohably  pay  the  expenses  of  the  cur- 
Tent  year ;  and  he  shall  fix  and  declare  the  rate  ot  tolls  thus  ascertained  to  be  charged 
for  the  current  year  j     »     *     *     and  he  shall,  in  his  next  annual  report-,  set  forth  such 
receipts  and  expenditures,  and  the  condition  of  said  canal,  with  a  view  to  such  legis- 
lation as  may  be  necessary  for  the  superintendence  and  management  thereof. 

It  is,  therefore,  respectfully  recommended  that  the  rates  of  toll  above 
mentioned  be  adopted  as  those  to  be  declared  and  fixed  by  your  author- 
ity, in  obedience  to  this  law,  as  the  charges  to  be  collected  for  the  cur- 
rent calendar  year. 

As  the  report  of  Major  Weitzel  contains  matter  of  value  relating  to 
oommei*ce  and  navigation,  it  is  suggested  that  it  be  sent  to  Congress 
for  the  information  of  the  Committees  on  Commerce  of  the  Senate  and 
House  of  Eepresentatives. 

Very  respectfully,  your  obedient  servant, 

A.  A.  Humphreys, 
Bri^adier-Oeneral  and  Chief  of  Ufigineen. 
Hon.  Geo.  W.  McCrary, 

JSecretary  of  War. 


report  of  major  o.  weitzel,  corps  of  engineers. 

United  States  Engineer  Office, 

Detroit  Mich.^  January  4, 1878. 

General:  In  accordance  with  your  instructions  and  to  enable  the 
honorable  Secretary  of  War  to  comply  \\1th  the  provisions  of  section  3 
of  the  act  of  Congress,  ax)proved  May  11, 1874,  entitled 

An  act  providing  for  the  payment  of  the  bonds  of  the  LouisviUe  and  Portland  Canal 
Company — 

I  have  the  honor  to  submit  the  following  report  on  the  8ui>erintendence, 
management,  and  repair  of  the  LouisviUe  and  Portland  Canal  for  the 
calendar  year  ending  December  31, 1877. 

Capt.  A.  Mackenzie,  Corps  of  Engineers,  was  my  assistant  in  imme- 
diate charge  of  this  work  until  November  22, 1877,  when  he  was  relieved 
by  Capt.  A.  N.  Lee,  Corps  of  Engineers,  who  had  been  on  duty  on  the 
work  with  him  since  September  8,  1877. 

In  the  preparation  of  the  report  of  Captain  Lee,  which  is  hereto  an- 
nexed as  part  of  this,  he  was  materially  assisted  by  Captain  Mackenzie. 

The  tables,  w^hich  are  included  in  this  report,  give  detailed  statistics 
"bearing  on  practical  professional  points. 

We  have  continued  to  pursue  the  same  policy  which  was  a<Iopted 
when  the  government  first  took  charge  of  the  work. 

Permanent  improvements  and  repairs  were  continued  on  different 
parts  of  the  work,  in  the  order  of  their  necessity,  as  rapidly  as  we  judged 
that  the  excess  of  tolls  over  the  amount  required  for  superintendence 
and  management  would  warrant. 

In  pursuance  of  this  policy  and  with  your  authority  the  following 
permanent  improvements  and  repairs  have  been  made  during  the  past 
year,  viz : 
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The  ivi>air  of  entire  diwlge  apparatufl,  which  had  been  previmisly 
begun,  wart  conipleteil.  Tliis  apparatus  consists  of  the  tow-boat,  two 
dredges,  and  four  inud-scows,  and  is  now  in  the  most  complete  working 
order. 

The  guanl-gates  at  the  head  of  the  canal  and  those  at  the  head  of  Uie 
new  hx'.ks  were  entii'ely  rebuilt. 

All  the  friction-dnuns  in  the  well-holes  of  the  new  kx;k8  have  been 
reset  and  greatly  strengthened. 

New  winding-ibiims  have  been  ]>nt  in  at  the  nii<hlle  gates,  and  new 
gearing  lias  been  adde<l,  thus  increasing  the  power  of  the  capstan  and 
strengthening  all  jiarts  of  the  apparatus. 

One-inch  st4*el  chains  have  been  attached  to  the  middle  gate>s,  in])Iace 
rj  of  the  si^ven-eighth-inch  iron  chains,  which  frequently  broke. 

It  Tlie  work  of  applying  larger  drums  and  stix>nger  chains  to  the  lower 

I  gates  has  been  Ix^gun. 

An  oftice  for  the  superintendent  of  the  canal  has  lx»en  built. 

A  wood-boring  ap]mi>itus  has  been  added  to  the  machinery'  of  the 
sho]>s. 

A  large  ixntion  of  the  sIojk*  axljacent  to  the  lcx*ks  has  been  graded 
and  sod<le<l. 

A  second  fire-cisteni,  with  a  cai>acity  of  five  hundred  barrels,  has 
l>een  built  near  the  toll-i*ollectoi-'s  house,  and  powerful  fire-pumps  and 
hose  provided  for  it  as  well  as  the  other  fii*e-cisteni  near  the  machine- 
shop. 

The  miter-sills  of  the  middle  gates  of  the  new  locks  were  repaired. 

The  work  of  repairing  the  old  locks  and  converting  its  three  chambers 
into  two  was  begun  and  prosecuted  dihgently  until  the  rise  in  the  river 
stopi)e<l  the  work.  The  lower  sill  has  been  thoroughly  repaired ;  the 
greater  portion  of  the  rock  excavation  in  the  lower  chaml>er  has  been 
com])letcHl.  and  the  building  of  new  gate  recesses  was  beguit. 

New  liglit**,  fmniished  by  the  Light-House  Establishment,  have  been 
placed  in  i)osition,  so  that  work  by  night  is  almost  as  easy  as  by  day. 

It  will  l>e  seen  from  the  annexe<l  tables  that  the  effect  of  our  policy 
in  ]>lacing  the  <*anal  and  ai>purtenanc^s  in  better  working  condition  has 
giadually  and  steadly  improved  the  business  of  the  canal. 

During  the  last  six  and  two-thirds  months  of  1874,  274,305  tons  were 
passed  thnmgh  at  an  expense  of  9.12  cents  per  ton  for  superintendence, 
nmnagement,  and  ordinary  repairs.  In  1875,  757,095f  tons,  at  6.14  cent<i 
IKT  ton.  In  1870,  871,440J,  at  5.0  cents  per  ton,  and  in  1877,  099,610/^ 
tons,  at  4.97  centw  i>er  ton. 

The  expense  diuing  the  hwt  ycjir  in  passing  the  three  greatest  artide.s 
which  go  thix)Ugh  in  bidk,  was  as  follows,  viz  :  coal,  ^  cent  i)er  bushel ; 
salt,  l^y  cent  per  banel ;  and  iron-ore,  8|  cents  per  ton. 

Acconling  to  the  books  in  my  oftice,  the  receipts  during  the  last  year 
amounted  to  $88,402.10,  and  the  total  exi)enditures,  $00,942.42.  This 
leaves  a  suri)lus  for  the  year  of  $27,519.08.  There  w  a«  on  hand  at  the 
lH*ginning  of  the  year  $20,955.00;  so  that  w^e  had  $54,475.28  on  hand  on 
the  tii^t  of  this  month. 

In  Captain  Lee's  report,  the  exi>ense  for  repairing  fiiction-drums, 
winding-gear,  steel  chains,  &c.,  is  incorrectly  chargcil  to  the  numing 
exiK*nses  of  the  canal.  They  are  all  permanent  repairs,  and  their  cost 
anioiuited  to  about  $.'J,500.  The  amount  expended  for  permanent  im- 
l)rovements  and  repairs  dimng  the  year  was,  therefore,  about  $15,000. 
The  running  expense^s  of  the  canal,  including  the  oixlinary  i^epairs,  was, 
therefore,  alwut  $40,000. 

It  will  be  further  observed  by  examining  the  table  of  receipts,  that 
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the  business  and  income  of  the  canal  was  considerably  increased  over 
the  year  preceding,  in  spite  of  the  faet  that  during  a  part  of  August,  and 
the  whole  of  September  and  October,  na\igation  was  almost  entirely 
suspended  by  low- water,  and  in  spite  of  the  fact  that  the  receipts  were 
diminished  $3,270.72  by  reducing  the  rate  on  empty  coal-barges,  on  their 
return-trip.  ^^4W|i 

For  this  reason,  and  as  we  now  have  on  hand  the  very  handsome  sur- 
plus of  $54,475.28,  which  will  not  only  complete  all  the  work  still  to  be 
done  and  that  which  is  already  authorized  but  still  leave  us  a  good 
surplus  at  the  end  of  this  year,  I  take  great  pU^asure  in  recommending 
a  reduction  of  tolls,  and  that  they  be  fixed  at  the  follomng  i*ates,  viz  : 

Steamboats  and  model  barges,  8  cents  per  ton. 

Sfiuare  barges,  flats,  coal-boats,  &c.,  6  cents  per  ton. 

All  empty  square  barges  and  coal-boats,  5  cents  per  ton. 

Small  Doats,  $4. 

Kafts  of  logs,  &c.,  measurement  and  rates,  the  same  as  for  coal-boats. 

Boats  belonging  to  or  chartered  by  the  United  States,  free. 

Towing,  harbor  nites.  ^  —^ 

Use  of  dredge,  $2.50  per  hour.  ^*?t??P 

Use  of  steam-pump,  $2.50  per  hour. 

Use  of  dry-dock,  $15  first  day,  and  $10  each  subsequent  day. 

The  rates  heretofore  charged  by  the  government  were  a  little  less  than 
one-fifth  of  those  charged  by  the  former  management.  The  new  rates 
will  be  a  little  less  than  one-sixth  of  those. 

As  there  is  always  more  or  less  liability  to  serious  accidents  on  canal- 
locks,  and  especially  on  such  large  ones  as  those  of  this  canaL  I  think 
it  wise  and  pnident  to  have  at  all  times  an  available  siuplus  of  at  least 
$25,0005  licii^^  I  ^o  not  recommend  now  a  greater  reduction.  I  have 
not  the  least  doubt  that  next  year  a  further  reduction,  and  one  as  large 
as  now  recommended,  may  be  safeh'  made. 

The  total  receipts  on  this  canal  from  June  11,  1874,  to  December  31, 
1877,  during  which  time  the  government  has  had  charge  of  it,  amount 
to  $259,795.51 ;  the  total  expentlitures,  8205,320.23,  leaving  the  surplus 
of  $54,475.28.  The  expenditures  include  about  $45,000  for  permanent 
repairs. 

By  the  use  of  the  canal  force  and  the  machinery  in  the  canal  shops, 
a  saving  of  $15,000  below  fair  contract  prices  has  been  effected  in  the 
work  already  done. 

In  conclusion  I  desire  to  commend  Captains  Mackenzie  and  Lee  and 
their  assistants  for  the  faithful  and  economical  manner  in  which  they 
have  conducted  this  work. 

Annexed  hereto  is  the  financial  statement  for  the  year. 
Very  respectfully,  youi*  obedient  servant, 

G.  Weitzel, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  V.  S.  A. 
50  E 
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Financial  slalement  for  calendar  year  ending  December  31.  1677- 


DepoeitA. 


ExpeiiditicreA. 


Jantuuy . . . 
February.. 

Hurch 

April 

May 

Jane 

July 

Au^UMt 

S<*pt*'mber 
October  ... 
November. 
December  . 


Total. 


Month. 


1877. 


Amount. 


Month. 


9.269  36 

3,867  36 

11,256  46 

11.678  01 

10,  390  A\ 

9.631  2r> 

o,  i  Ho  oW 

1,9'>7  20 

1,930  00 

9.  498  95 

14,364  02 


Jannary . . . 
Febniary.. 
Iklaroh  ..*... 

April 

May 

June 

July 

Augnat 

St'ptember 
October  ... 
November . 
December . 


1877. 


Amooat 


f3.4nii 

4,ftwB 
.X6KX 

4,673  "T 

fll3t3  75 

ttl« 

fi,714?«i 

9.9M2( 
€.1C« 


8^,462  10 


Total ,     m^Kte 


Caah  on  hand  December  31,  1876. 
Surplus  for  1877 


27,51f  » 


Caah  on  hand  December  31,  1877 H*75  » 


i 
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REPORT  OF  CAPTAIN  A.  N.    LEK,   CORPS  OF  ENGINEEKS. 

LoriSVTIXE   AND   PORTLAND   CaNAL    OfFICE, 

LouisHUe,  Ky.,  December  31,  1877. 

Sir:  In  accordance  with  yonr  instructions,  I  have  the  honor  to  submit  the  follow- 
ing rei)ort  upon  the  superintendence,  management,  and  repair  of  the  Louisville  and 
Portland  Canal  for  the  calendar  year  ending  Deceralier  31,  1877. 

Detailed  re])orts  have  been  made  semi-annually  since  the  government  assunied  con- 
trol of  the  canal,  and  to  avoid  a  rciH'titiou  it  will  be  sufficient  to  say  that  the  principle 
adopted  of  placing  all  parts  of  the  canal  in  perfect  working  order  as  fast  a^  economical 
expenditure  of  receipts  would  jwrmit  has  been  carried  out,  and  the  close  of  the  year 
finds  the  canal  and  accessories  in  a  better  condition  than  ever  before. 


WORK  ACCOMPIJ.SHED  DURING  THE  YEAR. 


The  rebuilding  of  dredge  No.  2  and  dumjvscow  No.  4  was  completed  in  January,  and 
new  dippers  were  subsequently  put  on  both  dredges.  This  closed  the  exteuHive  ivi>aiB 
of  dredging  apparatus,  leaving  tow-boats,  clrwlges,  scows,  &c.,  in  very  good  condition, 
with  at  least  double  the  capacity  they  ha*!  before  repairs  were  made. 

Two  new  sets  of  gates  have  been  built,  one  for  the  head  of  the  new  locks  and  one 
for  the  head  of  the  canal. 

The  friction-drums  in  all  the  well-holes  of  the  new  locks  have  been  reset  and  greatly 
strengthened. 

New  winding-drums  have  been  put  in  at  the  middle  gates  of  the  new  locks,  and 
gearing  has  been  added,  increasing  somewhat  the  power  of  the  ca}>stans  and  strength- 
enhig  all  parts  of  the  apparatus. 

One-inch  steel  chains  hav«'  been  attached  to  the  middle  gates,  replacing  the  |-inch 
iron  chains  which  formerly  caused  great  annoyance  by  frequently  breaking. 

The  new  and  enlarged  dnuus  and  heavy  chains  have  proved  such  a  Hiic-cess  that 
arrangements  have  already  beeu  made  for  nuiking  similar  clianges  at  the  lower  gat€«. 

An  office  for  the  superintendent  of  the  canal  has  been  completed. 

A  boring  ap^>aratus  has  beeu  added  to  the  machinery  of  the  shops. 

A  large  portion  of  the  slope  in  the  vicinity  of  the  locks  has  l>een  graded  and  so<ldeA 

A  second  fire'Cistern,  holding  500  barrels,  has  been  built  near  the  toll-collectorji 
house,  and  powerful  fire-pumps  with  requisite  hose  have  been  provided  for  Nos.  1 
and  2. 

On  the  18th  of  September,  the  water  being  low  and  business  almost  su8i)ended.  the 
canal  was  closed  for  rejiairing  the  middle  miter-sill  of  the  new  locks.  All  broken 
and  injured  stones  were  replaced  by  hard  limestone  set  in  Portland  cement ;  new  boll* 
were  driven,  and  all  parts  of  the  sill  and  wooden  cushion  made  as  firm  as  possible. 
This  work  occupied  about  sixteen  days,  and  the  canal  was  reopened  October  5. 
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The  repaire  of  the  middle  miter-sill  were  made  as  thorough  as  possible ;  hut  the 
^work  can  only  be  considered  temj)orary.  When  time  will  pennit,  the  whole  sill  must 
be  rebuilt. 

While  the  water  was  ont  the  miter-sill  and  roller-ways  of  the  guard-gates  at  the 
lieiid  of  the  canal  were  thoroughly  repaired. 

In  Sept-ember  authority  was  obtained  for  making  extensive  repairs  on  the  old  locks, 
converting  the  three  lifts  into  two,  and  giving  chambers  that  will  not  only  pass  all 
the  stern-wheel  boats  running  during  low-water,  but  will  also  afford  great  relief  when 
€5oal-tow8  are  passing  through  the  canal.  Alreatly  the  lower  miter-sill  and  roller- ways 
Iiave  been  thoroughly  repairwl,  the  greater  portion  of  the  rock  excavation  in  the  lower 
chaml)er  has  iKsen  ma<le,  and  the  building  of  new  gate  recesses  has  been  commenced. 

During  the  year  now  lights,  furnished  by  the  Ijight-House  Department,  have  been 
put  up  at  the  new  locks.     Work  by  night  is  now  about  as  easy  as  work  by  day. 

Most  all  of  the  work  above  referred  to,  in  addition  to  numerous  minor  improve- 
ments, ordinary  repairs,  and  regular  duties,  has  been  carried  on  under  the  immediate 
direction  of  the  8uperint<^udent,  and  as  far  aa  possible  the  work  has  been  done  by  the 
regular  employed  me^^hauics  and  laborers. 

The  work  done  by  tow-boat  and  dredges,  and  by  the  lock-hands  in  passing  boats,  is 
given  in  tiibles  annexed. 

NUMBER  AND  SALARY  OF  EMPLOYES. 

During  the  past  year  extra  mechanics  and  laborers  have  been  employed  upon  works 
of  improvement,  but  the  regular  canal  force  has  remained  as  given  in  last  annual 
report,  excepting  that  the  position  of  *'  foreman  of  dredges"  has  been  done  away  with. 

The  regular  pay-roll  of  employes  now  amounts  to  $38,115.  Since  the  government 
assumed  control  of  the  canal,  the  pay-roll  ha«  been  re<luced  $1,845.  It  is  almost  cer- 
tain that  further  reductions  will  be  made  during  the  coming  year. 

RATES  OF  TOLL. 

The  rates  of  toll  charged  during  the  past  year  have  been  the  same  as  charged  during 
the  year  1876,  excepting  that  the  recommendation  to  reduce  tolls  on  empty  barges 
on  a  return  trip,  from  8  to  5  cents,  was  approved  February  26,  1877.  This  change  has 
reduced  the  receipts  during  the  year  $3,i?70.72. 

RECEIPTS  AND  EXPENDITURES. 

The  receipts  for  the  year  have  amoimted  to  $88,737.28,  being  $27,351.33' in  excess  of 
the  total  expenditures,  and  $39,240.67  in  excess  of  the  operating  expenses. 

There  has  been  expended  during  the  year  $61,;J85.95;  of  this  amount  $11,889.34 
■was  applied  to  extensive  repairs  and  improvements  of  a  i)ermanent  nature,  leaving 
$49,496.61  as  the  expense  of  ojieratin^  the  canal.  These  operating  expenses  include 
large  amounts  paid  for  repairing  friction-drums,  winding-gear,  &c.,  and  are  for  that 
reason  in  excess  of  similar  expenses  in  1876. 

The  operating  expenses  of  this  canal  are  very  large  in  consequence  of  the  heavy 
deposits  of  sediment  and  cost  of  removing,  as  well  as  the  size  and  weight  of  the  gates 
and  the  force  required  to  move  them.  No  comparisons  can  be  made  with  the  expense 
of  operating  other  canals,  for  at  no  other  |)oint  is  the  same  combination  of  difficulties 
met  with.  When  new  gates  are  biiilt,  sink-basins  provided,  and  other  than  man-power 
employed,  expenses  can  be  greatly  reduced. 

The  total  receipts  since  the  government  assumed  charge  of  the  canal  in  June,  1874, 
have  amount<id  to  $260,070.69,  and  the  total  disbursements,  including  $40,.589.92  ex- 
pended on  pennanent  work,  have  amounted  to  $205,763.76,  showing  a  saving  with  re- 
duced tolls  of  $54,306.93. 

Authority  has  been  granted  from  time  to  time  for  doing  work  amounting,  at  fair  con- 
tract prices,  to  $43,650.  Tliis  work  has  cost  but  $28^292.22.  This  saving  may  be  at- 
tributed to  the  doing  of  work  gradually  under  the  direction  of  the  superintendent  of 
the  canal  and  to  the  use  of  machinery  in  the  canal  shops. 

WORK  PROJECTED  FOR  NEXT  YEAR. 

During  the  coming  year  the  works  of  improvement  given  in  the  report  for  the  year 
1876  will  be  carried  out  as  fast  as  authority  is  obtained  and  an  economical  system  of 
working  will  permit. 

Cottages  for  the  lock-hands  and  a  coal-elevator  will  be  erected,  steam-power  will  be 
tried  on  the  gat«s,  and  the  repairs  of  the  old  locks  will  be  completed  if  the  stage  of  the 
river  will  permit. 

Former  reports  have  referred  to  many  extensive  improvements,  such  as  building  a 
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new  wall  on  the  north  side  of  the  canal,  enlarging  the  dry-dock^  building  lArge 
above  and  below  the  new  locks  to  lessen  obstruction  of  the  canal  during  ooal-irma,  re- 
building miter-sills,  and  providinu^  sink-basins  to  remove  deposit  from  front  cyf  gates. 
On  account  of  expense  it  has  ratiier  been  assumed  that  mucn,  if  not  all,  of  this  work 
would,  if  done,  be  paid  for  by  apxiropriation  and  not  from  the  tolls  collected. 

CONCLUSION  AND  RECOMMENDATIONS. 

While  the  past  year,  owing  to  more  continued  low  water,  has  not  been  perhaps  qiiit« 
as  favorable  for  navigation  as  the  year  1^6,  yet  the  receipts,  owing  to  the  heavy  coal- 
runs  of  November  and  December,  have  been  larger,  and  it  is  evident  that  the  canal  can 
be  made  self-sustaining  with  even  a  lower  rate  of  toll  than  is  now  charged. 

Assuming  that  appropriations  will  be  made  for  the  most  extensive  improvements  and 
enlargements,  and  considering  that  the  heaviest  outlays  for  repairs  of  the  working 
parts  of  the  canal  are  either  paid  or  provided  for  by  the  present  balance,  I  think  a 
gradual  reduction  in  the  rate  of  toll  should  now  be  commenced,  but  to  inaore  a  sorphis 
fund  the  reduction  must  l>e  ^a^lual. 

I  am  of  the  opinion  that  if  the  tolls  are  reduced  one-fifth  the  receipts  for  the  year 
1878,  together  with  the  balance  now  on  hand,  will  not  only  be  sufficient  to  pay  ex- 
penses of  "superintendence,  management,  and  repair,''  complete  the  work  on  the  <^ 
locks,  build  cottages  and  coal  elevator,  and  if  necessary  new  middle  gates,  but  will 
also  give  a  balance  at  the  end  of  the  year  1878  of  at  least  $25,000. 

I  would  recommend  that  the  present  system  of  management  be  continued. 

I  would  recommend  the  following  rate  of  tolls  and  charges  for  the  year  1878 : 

Toll  on— 

Steamboats  and  model  barges,  8  cents  per  ton. 

Square  barges,  flats,  coal-l>oats,  &c.,  6  cents  per  ton. 

All  empty  square  barges  and  coal-boats,  5  cents  per  ton. 

Small  boats,  $4. 

Rafts  of  logs,  &c.f  measurements  and  rates  the  same  as  for  coal-boats. 

Boats  belonging  to  or  chartered  by  the  United  States,  free. 

Charges  for — 

Towing,  harbor  rates. 

Use  of  dredge,  $2.5<J  per  hour. 

Use  of  steam-pump,  $2.50  per  hour. 

Use  of  drj'-dock,  $15  tii-st  clav,  and  $10  each  8ubse<iuent  day. 

I  would  respectfully  renew  tlie  recommendations  ma<le  in  the  report  for  the  calendar 
year  1876,  and  CHpecially  that  referring  to  niles  aud  regulations. 

In  conclusion,  I  would  iK'ar  witness  to  the  faithfid,  just,  aud  efficient  manner  in 
which  the  superintendent  and  his  {issistants  have  pertbnned  their  duties,  often  ren- 
dered very  diiheult  by  the  conflicting  interestii  and  opinions  of  steaml>oat*men,  some 
of  whom  have,  during  the  past  year  as  well  as  during  previous  years,  ever  been  retdj" 
to  find  fault  and  condenm  without  reason,  when  the  dtx'ision  or  ortler  of  the  superin- 
tendent was  not  in  accordance  with  their  individual  opinions  and  for  their  special 
benefit. 

Very  respectfully,  your  ol>e<lient  servant, 

A.  N.  Lee, 
Captain  of  Emginetn. 

Maj.  G.  Weitzel, 

Corps  of  Engineers,  V,  S.  A. 
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St€itenient  of  receipts  of  Louisville  and  Portland  Canal  for  the  year  ending  December  31, 

1877. 


'A 

770 
374 

1,  573 
426 
175 


Designation. 


Number  of  Price  per 
tonA.       I      ton. 


Amonnt  of 
tolls  col- 
lected. 


Steamboats 288,  306. 8     10  cent« . 

Tow-l>oat« 50,724      i  10  cents. 

Mmlel  barges ' ,     127,603       1  10  C€<iita. 

Square  barges 423.865  8  centa. 

Empty  barges , 109,024  5  centa  J 

SmallboaU) \  $5 each . . 


28,830  68 

5,072  40 

12,769  30 

33,909  39 

5,451  3D 

875  0© 


fc 

f 


Collections  from  tolls $87, 907  78 

Collections  from  dry-<lock 1^  0* 

Collections  from  towage 146  00 

Colleetions  fumx  di-edging 7750 

Collections  from  rents 411  00 


Total  collections  for  year  1877 88, 737  2iJ 
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ANNUAL  REPOET  UPON  THE  WORKS  IN  CHARGE  OF  IVIAJOR 
AVILLIAM  E.  MERRILL,  CORPS  OF  ENGINEERS,  FOR  THE 
FISCAL  YP]AR  ENDING  JUNE  30,  1878,  BY  LIEUTENANT  F. 
A.  MAHAN,  CORPS  OF  ENGINEERS,  TEMPORARILY  IN 
CHARGE. 

United  States  Engineer  Office, 

nmhurgh^  Fa,^  August  24,  1878. 

General  :  I  have  the  honor  to  traiisiiiit  lierewith  the  annual  reports 
of  the  Ohio,  Monongahela,  and  Little  Kanawha  rivers  for  the  vear  end- 
ing June  30,  1878. 

Very  resi)ectfull3',  yoiu*  obedient  servant, 

F.  A.  Mahan, 
First  Lieutenant  Engineers, 
Brig.  Gen.  A.  A.  JTumphreys, 

:Cliie/  of  Engineers. 


U  I. 

improving  OHIO  river. 

Owing  to  the  fact  that  no  a})i)roi)riation  was  made  in  1877  for  canying 
on  work  on  the  Oluo,  l)ut  little  eoidd  be  done.  The  dike  at  White's 
Ripple,  11  miles  below  Pittsburgh,  was  extended.  Rocks  were  removed 
at  various  points  along  the  upper  river.  The  snag-boat  E.  A.  Woodruff 
and  the  dredges  Ohio  and  Oswego  were  at  w^ork  during  the  low-water 
season. 

DIKE  AT  white's  RIPPLE 

(11  iiiilcH  below  Pittsburgh). 

During  the  season  of  1870,  985  feet  of  this  work  was  finished.  In  July, 
1877,  operations  were  resumed  and  1,808  feet  more  was  completed.  A 
dam  was  also  built  between  the  foot  of  Neville  Island  and  the  tow-head 
from  which  the  dike  starts.  During  the  j)reseiit  summer  the  dike  and  a 
cross-dam  from  the  dike  to  the  left  bank  of  the  river  wiU  probably  be 
completed.  The  details  of  this  work  will  be  foiuul  in  the  following  report 
of  Mr.  I.  V.  Hoag,  jr. : 

White's  Ripple  and  The  Trap,  11  and  12  miles  below  Pittsburgh,  was  once  one  of 
the  most  troublesome  points  on  tlie  Ohio  River. 

At  the  loot  of  Neville  Island,  10^  miles  below  Pittsburgh,  there  is  a  largo  gravel  bar 
or  tow-head,  half  a  mile  in  length  and  varying  from  5  to  12  feet  in  height  above  low- 
water.  It  is  separated  from  the  island  by  a  narrow  chute,  through  which  the  water 
flows  at  a  3-foot  stage.  From  this  bar  for  a  distance  of  tliree-fourths  of  a  mile  the 
river  is  known  as  White's  Ripple,  the  foot  of  the  shoal  being  known  aa  The  Trap. 

In  July^  18138,  a  riprap  dike  for  the  improvement  of  this  place  was  be^u.  Captain 
Sanders,  in  his  report  for  1838,  says  :  **The  project  consisted  of  a  continuous  dike  of 
about  1  mile  in  length.     The  head  of  the  dike  was  on  the  right  shore  of  NeviUe  Island, 
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a  short  diHtance  from  the  foot  of  the  islaud.  Its  direction  was  nearly  parallel  to  the 
chaDnel  of  the  river.  It  passed  over  two  Ijare  which  were  dry  at  low-wat^r  and  termi- 
nated below  The  Traj)  by  incliuinp  toward  the  left  shore." 

The  dike  was  coiii])leted  from  the  island  to  the  first  bar  or  tow-head,  and  from  this 
bar  it  was  partly  built  for  almost  its  entire  length.  For  want  of  fonds  it  was  left  in 
this  unfinished  state  in  1840.  In  1843  work  was  resumed  and  nearly  completed  by  the 
following  year. 

In  a  report  of  December  3,  1844,  the  engineer  in  charce  says : 

"When  a  shoal  is  very  long,  embracing  several  ripplBS,  tne  long  longitndinal  dike 
required  for  concentrating  the  water  over  the  ripple  may  need  the  support  which  will 
be  given  by  a  transverse  dam  which  will  back  the  water  to  a  sufficient  height  to  pre- 
vent any  strong  action  or  cross-current  over  the  former.  There  is  one  case  of  this 
kind  at  the  Trap." 

This  transverse  or  cross-dam  was  constructed  at  an  angle  of  45^  to  the  current, 
and  ext4»nded  from  the  left  bank  to  meet  the  main  work  about  3,000  feet  fri>m  the 
head.  This  had  the  desired  etfect.  In  1867  extensive. repairs  were  made  to  the  gen- 
eral work,  15,500  cubic  yards  of  stone  being  ustnl.  Repairs  again  l>ecoming  iie<.*€5warT 
and  there  l»eing  much  objection  to  a  wall  of  rough  stone,  against  which  barges  and 
boatM  were  fre<iuently  injureil,  a  system  of  crib- work  was  devised  and  work  was  l^egnn 
on  it  in  Seiit^^mlu'r,  1876,  and  at  the  close  of  the  working  season  the  repairs  were 
completed  for  a  distance  of  985  feet.  In  July,  1877,  operations  were  resumed  and  the 
dike  was  finished  for  a  further  distance  of  1,808  fcH*t,  and  the  dam  closing  the  chnte 
between  the  tow-head  and  the  foot  of  Neville  Island  was  rebuilt. 

The  total  length  of  this  latter  dam  is  1,060  feet,  of  which  860  feet  is  of  sulKHtautial 
crilHwork  ballasted  with  stone.  It  is  25  feet  wide  and  is  built  to  a  height  of  5  feet  3 
inches  above  low-water.  The  total  length  of  n*i)aii*s  to  the  dike  is  2,793  f€H»t,  extend- 
ing to  a  point  KK)  feet  above  the  junction  of  the  dike  with  the  croHs-dam.  The  dike 
is  20  feet  wide,  and  is  built  to  a  height  of  6  feet  above  low- water,  by  means  of  a  well- 
1^  ballasted  crib- work  having  a  smooth  surface  on  the  channel  side.     From  the  end  of 

l\  the  crib-work  to  the  junction  of  the  cross-<lam  with  the  dike,  a  gap  has  l>een  made 

f\  through  the  latteF  for  the  accommodation  of  the  commerce  of  MifElletowii,  a  tillage 

L  on  the  left  bank.     This  gaj)  is,  however,  very  difficult  and  even  dangerous  to  navigate 

f  in  its  present  state,  owing  to  the  strong  current  through  it,  but  when  the  cross-*iam 

p  below  is  finishe<l  to  the  height  of  th<»  dike  all  this  trouble  will  disappear. 

^*  The  length  of  the  cross-dam  is  about  800  feet,  and  the  cost  of  raising  it  by  a  cril>- 

work  of  similar  construction  to  that  of  the  dike  is  estimated  at  flO  per  linear  foot,  or 
a  tot^il  of  $8,(K)0.  After  this  is  done  the  repairs  of  the  dike  should  be  still  further  ex- 
tender! to  the  foot  of  The  Trap,  a  distance  of  al)out  1,5(X>  feet.  The  cost  of  this  ex- 
tension will  be  about  ^10,500,  or  $7  per  linear  foot. 

The  following  statement  shows  the  materials  expended  in  the  repairs  of  1876  and 
1877,  with  their  c;ost,  as  well  as  the  cost  per  linear  foot  of  the  work  conipleteil.  A 
sketch  is  api»ended,  showing  the  maimer  of  construction  and  the  location  of  the  works. 

FOR  THE   DIKE. 

267, 335  feet  oak,  at  ^17  to  |;21  per  M $4,989  29 

80,712feet  pine,at  ^18per  M 1,452  81 

19, 849  fe43t  hemlock,  at  $11.95  to  t;l3  per  M 248  27 

60, 026  pounds  bolts,  at  2i  to  2i  cents  per  ]»ound 1,416  24 

1,487 .pounds  spikes,  at  3  to  4  cents  per  pound 51  49 

182  pounds  plate-iron,  at  6^  cents  per  ]>ound 11  83 

128  pounds  ring-bolts,  at  8  cents  per  pound - 10  24 

4, 785.5  cubic  yards  slag,  at  49  to  70  cents  x>er  cubic  yard 2, 738  96 

2, 552.5  ciibic  yards  stone,  at  50  cents  to  $1  per  cubic  yard 1, 703  12 

Freight  on  57,700  ]>ounds  iron,  at  12^  cents  per  cwt - 72  10 

Tools  and  inii»lenients - 25  14 

Towing  l)oats 23  (X) 

Labor 5,046  26 

Total  cost 17,788  75 

Average  height  of  new  work 5  feet. 

Length  of  cnb-work 2,793  feet. 

Cost  per  linear  foot $6  37. 
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FOR  THE  DAM. 

55,747  feet  oak,  at  |17  to  $18  per  M $1,  002  00 

10,320  feet  pine,  at  $18  per  M 185  76 

13,074  feet  hemlock,  at  ^11.95  per  M 156  23 

6,814  poimds  bolts,  at  2^  cents  per  ponnd 153  32 

253  ponnds  spikes,  at  3^  centos  per  pound 8  85 

644  cubic  yards  slag,  at  49  cents  per  cubic  yard 315  56 

1,014.5  cubic  yards  stone,  at  60  cents  per  cubic  yard 608  70 

Freight  on  6,200  }>ounds  iron,  at  12J  cents  per  cwt 7  75 

Labor 1,517  93 

Total  cost 3,956  10 

Average  height  of  work 3.  3  feet. 

Length 1,  060  feet. 

Cost  per  linear  foot $3  73 

REMOVING  BOCKS. 

Many  complaints  being  made  about  the  existence  of  rocks  in  varioas 
parts  of  the  river,  a  steamboat,  the  Argo,  with  one  crane  boat,  was  em- 
ployed on  the  11th  of  August  to  work  between  Marietta  and  Portsmouth. 
Another  steamboat,  the  Orion,  began  work  near  Pittsburgh  on  the  3d  of 
August.  The  Argo  quit  work  October  6  and  the  Orion  October  9. 
During  this  time  these  two  boats  worked  over  346  miles  of  the  river  and 
removed  more  than  1,600  rocks,  many  of  which  would  weigh  from  15  to 
20  tons.    Other  rocks  were  broken  in  pieces  and  leveled  down. 

In  addition  to  these  boats  a  party  of  men  with  horses  and  a  drag-sled 
was  employed  at  Brunot's  Island,  Horsetail,  Lowrie's,  Duft'^s,  Merriman's, 
and  Wlute's.    This  party  removed  2,787  rocks  from  these  bars. 

SNAG-BOAT  E.  A.  WOODRUFF. 

For  the  reasons  given  hy  Maj.  W.  E.  Merrill  in  his  last  annual  report 
(Report  of  the  Chief  of  Engineers  for  1877,  Part  1,  page  627)  the  work 
done  by  the  snag-boat  during  the  entiie  season  of  1877  is  here  given, 
which  of  course  includes  a  part  of  the  fiscal  year  ending  June  30,  1877. 

The  season's  work  began  June  5  and  ended  December  6,  1877.  On 
the  latter  date  the  boat  went  out  of  commission  and  was  laid  up  for  the 
wint^*  in  the  mouth  of  Green  River,  Kentucky.  During  the  season  she 
worked  over  the  river  as  follows  : 

1.  Cincinnati  to  Pittsburgh. 

2.  Pittsburgh  to  Cairo. 

3.  Cairo  to  Parkereburg. 

4.  Parkereburg  to  winter  quartere  in  the  mouth  of  Green  River. 

The  sum  of  the  season's  work  was  1,037  snags  and  50  wrecks  of  barges. 
The  aggregate  weight  of  the  snags  was  8,885  tons,  making  the  average 
weiglit  of  a  snag  8|  tons. 

The  distance  run  was  2,990  milcB. 
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The  following  table  shows  the  work  of  the  boat  in  detail 


tl 


•I 
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r 


Week  ending- 

• 

e 
S 

o  > 

• 

Miles  run. 

Remarks. 

Jane      9 
16 
23 
30 

Jnly      7 
14 

9 
12 
31 
55 

123 
31 
166 
409 
450 

3 
4 

8 

1 
1 

176    , 
358? 
161  { 

\u\ 

157i  I 
1 

Cinoinnftti  to  South  Point.  Ohio. 
South  Point  to  Walker's  Station,  Ohio. 
Walker'H  Station  to  MaiTHV«viU©,  W.  Va. 
Murravs^iUe  to  Foui  Pole  CnMfk,  W.  Va. 
Four  I^ole  Creek  to  CinchiiMiti. 
Repairing  boat  at  Cincinnati- 
Cincinnati  to  Bush'M  farm,  Ind. 
Biwh'H  farm  to  Cannelt^m,  Ind. 
Cainu'ltoij  t«»  HencIertM»n  Bend- 
Henderson  Bend  to  Slim  Island. 
Slim  Islaml  to  Bif;  Hurrirane,  Ind. 
Big  Hurricane,  Ind-.  to  Padncah.  Ky. 
Paducah  to  Pryor's  laland- 
Prvor's  Inland  to  Wabaah  River. 
Wal»a«h  River  to  Thre*  Mile,  Ind. 
Thre<«  Mile.  Ind.,  to  HarriiionB  Landing. 
Harrifion'ii  Landinfc  to  New  Albany. 
New  Albany  to  West  Louiaville, 

21 

2H 

18 
25 

Sept.      1 

8 

15 

22 

29 

Oct.        6 
18 

27 
54 
76 
73 
67 
43 
41 
50 
57 
58 
42 
49 

129 
396 
603 
996 
994 
589 
414 
476 
405 
447 
3.58 
245 

11 
3 

'"2' 
2 

1 

112 
142 

81) 
29i  I 
64| 

47     i 

60    1 
821  ' 

?»{ 

\ 

20 
27 

Nor.      a 
10 
17 
24 

Dec.       1 
8 

56           308 
60           516 

1 
2 
1 
5 
5 
1 

79    ,  West  T.oui8viUe  tu  Patriot. 
52       Patriot  t4»  Cincinnati. 
44  1  TtptiAiHnir  Imat  at  f  Mnrinnatl. 

49           217 
25           175 
S6          822 
11             96 

4  ;          20 

67}  1 
»7 
116i 

308{  ! 

Cincinnati  to  I*alei»tine,  (3hio. 
PalcHtine  to  PortHraouth,  Ohio. 
Portmnonth  to  Riverside,  Ohio. 
RiverHide  to  Cincinnati. 
Cincinnati  to  Green  River. 

l.a-n       8,885         51 

2,990|  1 

DREDGING. 

The  dredges  Ohio  and  Oswego  were  at  work  continuously  firom  Jnly 
2  to  Deeemlwr  1,  1877. 

On  tlie  6th  of  Ax>ril  they  went  to  the  Wabash  and  were  engaged  on 
that  river  under  direction  of  Maj.  J.  A.  Smith,  Corps  of  Engineers,  nntil 
June  24,  1878. 

CINCINNATI. 

Before  starting  out  the  dredge*  removed  the  wreck  of  a  coal-barge  at 
the  foot  of  Ludlow  street. 

RACCOON  ISLAND. 
(273  niilcH  l)elow  Pitt«biirgb.) 

The  object  of  dredging  at  this  point  was  to  remove  a  lump  between 
the  two  channels  of  the  river.  This  work  it  was  8upj)08ed  had  been  fin 
ished  during  the  preceding  season,  or  so  nearly  completed  that  the  enr 
rent  woukl  finish  the  removal  of  the  lump,  but  time  had  shown  the  need 
of  further  dredging  to  cM^inplete  the  improvement.  Work  began  here 
on  the  2d  of  Julv  and  ended  on  the  21st.  The  number  of  davs  actuaUr 
at  work  was  bait  7,  during  which  time  the  lump  was  removecl.  The  re- 
sult of  this  work  was  t\\e>  widening  of  the  channel  about  200  feet,  beside 
straightening  it  considerably. 

Excavation  made,  4,508.7  cubic  yards. 

GALLIPOLIS  ISLAND. 
(267  milen  below  Pittsburgh. ) 

After  leaving  Raccoon  Island  the  dredges  began  work  at  Gallipoli* 
Island,  with  a  view  to  widening  the  channel  so  a«  to  relieve  tows  from 
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the  necessity  of  makiug  a  very  square  crossing  from  the  island  to  the 
Yirginia  shore.  Enough  of  the  bai*  was  remov^  to  make  the  low- water 
channel  about  450  feet  wide.  The  channel  was  also  very  much  straight- 
ened. 

The  wrecks  that  were  said  to  have  caused  the  bar  were  xemoved,  and 
it  seems  probable  that  tlie  current  will  now  restore  the  channel  to  the 
middle  of  the  river,  which  api^ears  to  be  its  normal  position  at  this 
point. 

Work  began  here  on  the  22d  of  July  and  ended  on  the  30th  of  August. 
The  number  of  days  actually  at  work  was  26  J. 

Excavation  made,  34,851.5  cubic  yards. 

FOOT  OF   RACCOON  ISLAND. 
(274  miles  below  Pittsburgh. ) 

After  finishing  at  Gallipolis  Island,  the  dredges  went  to  Eaccoon 
Island  to  straighten  the  channel  by  the  removal  of  a  lump  on  the  island 
side  just  above  Crab  Creek  Bar.  This  work-  was  not  of  much  impor- 
tance, but  was  taken  in  hand  because  there  was  not  sufficient  water  to 
permit  of  taking  the  dredges  to  more  important  i)oints.  They  worked 
here  from  August  31  to  September  4,  when  the  river  rose  sufficiently  to 
let  the  dredges  go  elsewhere. 

Excavation  made,  2,145  cubic  yards. 

cullum's  ripple. 

(471|  miles  from  Pittsburgh.) 

* 

The  dredges  next  went  to  CuUum's  Kipple,  where  the  channel  was 
very  narrow  and  navigation  rendered  difficult  by  the  projection  of  a 
rdcky  point  or  bar  formed  at  the  mouth  of  a  small  creek  on  the  Ohio 
shore  about  the  middle  of  the  ripple.  The  low- water  channel  here  has 
been  widened  about  65  feet  at  the  upper  end  of  the  ripple  by  removing 
a  part  of  the  bar  on  the  left ;  and  the  rocky  point  referred  to  has  been 
entirely  removed.  In  this  way  the  channel  has  been  straightened  and 
made  some  90  feet  wider  than  before.  Six  snags  and  one  wreck  were 
also  removed  by  the  dredges  at  this  point.  The  dredges  worked  here 
23.5  days. 

Excavation  made,  13,245  cubic  yards  loose  rock  and  10,581  cubic  yards 
gravel. 

CINCINNATI  SOUTHERN  EAILEOAD    BEEDGE. 

By  authority  of  the  Seeretary  of  War  (letter  Chief  of  Engineers^  Oc- 
tober 3,  1877),  the  dredges  were  employed  from  October  6  to  October  10 
in  removing  the  crib-work  and  riprap  from  around  the  channel-piers  of  * 
the  Cincinnati  Southern  Railroad  Bridge. 

Excavation  made,  1,314  cubic  yards  loose  rock. 

CUMBERLAND  DAM. 

(907  miles  below  Pittehurgh. ) 

After  completing  the  work  at  the  Cincinnati  Southern  Eailroad  Bridge* 
the  dredges  went  to  Cumberland  Dam,  it  ha\ing  been  found  that  the  gap 
made  last  season  was  not  deep  enough,  and  that  the  rock-piles  marlong 
the  hmit«  of  the  gap  were  dangerous  to  navigation.  Work  was  begun 
on  the  25th  of  October  and  ended  December  1.  The  gap  has  been  so 
much  enlarged  that  it  is  not  thought  that  any  further  difficulty  will  be 
found  there.  The  channel  through  the  dam  is  now  660  feet  wide,  meaa- 
nred  at  right  angles  to  the  current,  and  720  feet  mOi^  Tftfc»bjs\3ct^  ^<^vv^^ 
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the  dam.  The  minimum  depth  at  low- water  is  51  feet.  F<h*  a  widdi  of 
2o0  feet,  begiDiiing  30  feet  from  Dog  Island,  the  ^lannel  has  a  minimnin 
depth  of  r>J  feet.    Time  at  work,  21\  days. 

Excavation  made,  16,488  enbic  yards  loone  rock. 
•   The  following  tables  show  the  details  of  the  work  done  by  the  dredges. 
The  Wabasb  River  work  and  the  work  done  at  the  Cincinnati  Sovitl^m 
Railroad  Bridge,  not  being  paid  for  from  the  appropriation  for  inipro>iiig 
the  Ohio  River,  are  omitted  fit)m  the  tables. 

DREDGES  IX  COMMISSION,  1877. 

Time  at  work :  DiriL 

Ordinary  clretl^ng 4oi5 

Loofle  rock  excavation ........................... . ...  40.5 

Wrecking  and  imaggiug .........  d.5 

Time  lost: 

Traveling . ...  I?' 

Accideiitu 7 

High  and  low  water. ...•• 3 

SondayH ...  ........  26 

Total 157 

Work  done :  Cubic  Tvd& 

Gravel  excavation  daring  Reason • ...... .  5^146.2 

Gravel  excavation  per  day  at  work 1,1^1 

IxKMc  rock  excavation  during  Heaw>n 29,73X1 

Loose  rrK-k  excavation  per  day  at  work 7^1 

Wrecks  removed ^ 

SnagH  removed li 

CoMt : 

Equipment : 

While  in  commission $^l  20 

Per  dav  at  work 10  61 

Per  day  in  commission 6  25 

Towinc : 

While  in  commission $7,238  2i) 

Per  dav  at  work 7?*  24 

Per  day  in  commission 46  10 

Salariew : 

While  in  conmiission $8,9e'l  ?^ 

Per  (lay  at  work 97  10 

Per  day  in  commission 57  21 

Repairs : 

While  in  commission f524  4^ 

Per  day  at  work 5  67 

Per  day  in  commission 3  31 

Totals : 

For  dredging $11,113  40 

For  loose  rock  excavation 9,  <^2  15 

For  wTTccking  and  snagging 1,5H7  63 

Per  (lay  at  work 244  25 

Per  dav  in  commission 143  9l> 

Per  cui)ic  yard  of  gravel  excavated ...... .  21fo 

Per  cubic  yard  of  loose  rock  excavated 33J 

DREDGES  OUT  OF   COMMISSION. 

Time :  Divi. 

In  ordinary il6 

Annual  spring  rt^pairs © 

Total m 

Cost : 

Salaries $1,015  67 

Towing  (Wabash  River  to  Cincinnati) 1,2C6  00 

Annual  H\mv\gTc\vA\TO 3,145  67 

Total. .1 V^34 
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<^>f  th^r?>^  th#;  uxaps^  are  all  eompl^-t^  a&d  trftemz^  ^j^  tkcsn  ant 

Tfj^  Tf^pifTt  on  thf-  k-^-harfjrir.  to^etb^r  with  ex|^«lanatcvy  ^bi^  wai^  Ibt- 
wani^l  to  the  iAntdt^  Eiiinut^T^  on  Deeemlit*  :5>,  L^TT. 

OFFICE   WORK. 

Work  ill  th**  officii  ha?*  iij<-Jnd*-d  workiDg  up  ma^RS  <rf  s^rreTs.  pRpar- 
ijj((  drawifj^-*  for  Ux:k  aud  dam  at  Davi*>*?^  L^laiMl*  and  B^akm^  paLiBsiir 
the  T^fnirf^  (ff  the  Miujr-lK/at  and  dredjr^-s.  HT€ln»graf»li:i  have  b(«i  cob- 
utnjr't^-^i  from  the  ^rau^e  r#-i,-t/rd>  kept  at  varkms  jw^int^  oq  tLe  rfro'.aDd 
a  Jarjre  numt^-r  of  dmwinjr?*  have,  for  their  better  pre^^i^^tioii.  bctn 
monntefl  on  eloth. 

>'o  mention  i.**  made  of  the  work  authorized  during  the  pter^ent  i*a>c«L, 
Dor  ij^  any  e.-timate  fdven  for  the  fiM-al  year  l>71*-"><».  as  tbe:^e  natttis 
neem  more  jiroj»«'rIy  to  l>eIon^  to  3laj«»r  Merrill,  who  renamed  chaise  of 
the  work  a  few  dav.H  after  the  i:hy7^  of  the  tini-al  vear. 

Money  iftatemenU 

July  1.  l*^.  arii'-Tjrit  availa)>le.  iDcIuriiKg  ^.I©4  doe  on  oat- 
fctjiiiiijjijr  liai/ijjTi*-* •.-.. flfl.  443  36 

Aiuttuul  aj»pro|»nat*:d  \,\  art  aj»j»rovf-d  June  Ir*.  \^^  ........     Sv,  <•.<»  iC» 

fl?1.44336 

July  1,  l'^?',  amount  «-xj»#^idf-d  during  fi!M:al  yfar  ...........       91,  336  31 

JuJy  1,  l'?7'-,  outstanding  liabilitiini 391  T2 

: 91,728  03 

JuJy  1,  IfftH,  auiotint  available 389,715  S3 

Amount  that  can  >x:  jirc^fitably  exi>ended  in  fiM-al  year  ending  Jane  30,  IcW.     WO,  (WO  00 


8PECIAI-    BEPOBT  OF  BOABD  OF  EKGiyEEBS  ON  PBOPOSED  MOTABLE 

DAM  AT  DAVIS'S  ISLAM),  OHIO  BITEB. 

Cincinnati,  Ohio,  Janvary  25, 1878, 

General  :  Tlie  Board  of  Enpneer  Officers  apjwinted  by  Special  Or- 
deiH  No.  5,  dated  headquarters  Cori)S  of  Engineei*s,  TVashmgton,  D.  C^ 
Januaiy  15. 1878,  have  the  honor  to  submit  the  following  reix)rt: 

In  aeeoidviwee  ^\tU  tUe,  above  order  the  Board  met  at  CinciimatL  on 
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the  24th  instant,  all  the  members  being  present  except  Major  Craighill, 
who  telegraphed  that  he  could  not  attend. 
The  instructions  contained  in  the  order  werie— 

To  examiue  and  report  upon  the  plan  of  a  lock  and  gate  i)ro^)08ed  to  be  substituted 
by  Major  Merrill  for  the  lock  and  cate  heretofore  approved  m  connection  with  the 
construction  of  the  first  "movable  aani"  on  the  Ohio  River  below  Pittsburgh. 

Tlie  special  instructions  to  the  Board,  contained  in  a  letter  of  January 
16,  from  the  Chief  of  Engineers  to  the  presiding  officer  of  the  Board, 
state  that  it? — 

Is  authorized,  in  addition  to  the  duties  prescribed  by  the  order,  to  consider  and  re- 
port upon  any  questions  relating  to  the  movable  dam  proposed  tti  be  constructed  on 
the  Ohio  River  below  Pittsburgh  as  may,  in  the  judgment  of  the  Board,  be  deemed 
essential  in  further  illustration  of,  or  in  extension  of,  or  in  modification  of  the  report 
of  the  Board  dated  April  19,  1875. 

In  accordance  with  the  above  orders,  the  Boartl  have  carefiilly  studied 
the  whole  subject  of  the  proposed  movable  dam  at  Davis's  Island,  near 
Pittsburgh,  and  have  concluded  that  no  change  is  needed  in  the  former 
report  on  this  subject,  excepting  the  part  that  relates  to  the  lock.  The 
ofBcer  in  charge  does  not  desire  any  modification  in  the  plans  for  the 
dam  that  were  then  approved,  nor  do  the  Board  see  any  reason  for 
changing  the  former  conclusions  on  this  part  of  the  work. 

The  plan  for  a  lock  which  was  presented  to  the  Board  in  April,  1875, 
nearly  three  years  ago,  contemplated  a  width  in  the  clear  of  78  feet  ana 
an  available  length  of  630  feet.  It  wa«  expected  to  accommodate  a  fleet 
of  9  coal  barges  in  3  ranks  of  3  in  a  rank,  a  tow-boat  in  rear  of  the  fleet, 
and  a  small  fuel  flat.  It  was  known  even  then  that  coal  fleets  are  not 
usually  made  up  in  this  manner,  but  the  lock  proposed  was  believed  to 
be  as  wide  a«  it  was  practicable  to  make  it  with  miter  gates  of  such 
limited  height.  It  was  expected  that  the  coal  trade  would  adapt  itself 
to  the  lock,  and  that  no  serious  trouble  would  ensue. 

Kot  long  after  this  report  was  made,  opposition  to  the  whole  method 
of  improvement  sprang  up  among  coal-shippers,  and  it  became  desirable 
to  remove  any  ground  of  opposition. 

It  was  expected  that  work  of  construction  would  be  begun  in  the  sum- 
mer of  1875,  but  owing  to  the  failure  of  the  legislature  of  Pennsylvania 
to  pass  an  act  ceding  jurisdiction  to  the  United  States  over  the  lands 
required  for  the  lock  and  abutments,  nothing  could  be  done.  In  the 
spring  of  1877  the  act  in  question  was  passed,  and  the  interval  sinc^  then 
has  been  spent  in  negotiating  for  the  necessary  lands  and  in  securing  the 
approval  of  the  Attomey-General  to  the  validity  of  the  titles.  These 
matters,  however,  are  well  under  way,  and  so  soon  as  this  approval  is 
obtained  work  can  be  begun  at  once. 

Meanwhile  the  oificer  in  charge,  recognizing  the  force  of  the  objections 
to  the  lock  as  approved,  endeavored  to  overcome  them  by  an  increase  in 
width.  After  long  investigation  he  finally  decided  to  recommend  a  gate, 
somewhat  resembling  a  railrojid  car,  which,  when  out  of  use,  is  housed 
in  a  recess  in  the  bank,  and  when  needed  is  run  across  the  lock,  thus 
shutting  it  up  and  acting  as  a  gate. 

The  drawings  and  calculations  of  this  gate  have  been  submitted  tons, 
and  we  have  carefully  examined  a  very  well-built  model. 

We  have  no  hesitation  in  aftirming  our  belief  that  this  gate  will  work 
satisfactorily,  and  that  it  is  specially  suitable  to  very  wide  locks  with 
low  heights  of  wall. 

The  proposition  now  submitted  by  the  engineer  in  charge  is  to  make 
the  lock  wide  euongli  to  admit  the  normal  coal  fleet  of  ten  barges  axvd.^ 
tow-boat.    This  will  require  a  neat  width  oi  IW  iftfc,V;,«xi^vi  W^  lt^<i^\i\k<^ 
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allowHl  for  clt'arance  (wliich  is  none  u>^)  great  for  so  eamhef^Hme  a  mags 
a.s  a  coal  rt«^*t ).  it  will  call  for  a  lo^-k  1 10  fpet  wide  in  the  ek-ar.  Tlus  ehan^re 
in  width  inake.s  it  iiiUH^*essar>'  to  have  an  available  leii^h  «_»f  more  than  6U0 
fwt,  which  is  a  reduction  of  .*M>  feet  in  theavailalde  leiijrth  ori;dn^ypn)- 
pose<l.  An  additional  s;i\injr  in  lenjrth  arisen  from  the  fi*ct  that  the  width 
of  tlie  lower  «rate  as  now  desi^niMl  is  32^3  feet  less  than  the  lenjnh  of  the 
recess  for  tlie  lower  jrate  of  the  78-feet  hx-k.  The  width  of  the  apjier  gate 
i.s  ^.5  fei't  less  than  the  len^h  of  the  recess  for  the  uj^i^er  gate  of  the  7S- 
feet  kK'k.  Tlie  total  sa>in^  in  the  len^h  of  the  loek-walL<  will  therefore 
be  I'M  f«*et,  which  sa\ing  will  prolmbly  alioat  eonnteHjaLmce  the  in- 
creased cost  due  to  the  gate  recess4-s,  which  are  not  in  the  original  plan. 

The  ]>lans  snbmitted  to  ns  are  for  a  lock  of  this  width,  cloeid  at  e^ 
end  by  a  straight  running  gate  117  feet  long,  having  a  lap  of  3^1  feet  on 
each  wall. 

The  iK)wer  to  move  these  gates  and  to  maneuver  the  valve*  for  filling 
and  enipt>ing  the  lock-chamber  is  to  be  a  small  steam-engine  of  not  to 
exceed  10  hor8e-i>ower.  It  woiUd  seem  at  first  thought  that  it  would  be 
better  to  utilize  the  power  created  by  the  dauL,  but  a  careful  calculation, 
which  lias  been  submitte<l  to  us,  has  shown  that  the  first  cost  of  the 
structures  necessary  to  establish  turbines  is  so  great  that  steam  i:$  the 
cheai)er  of  the  two.  Moreover,  there  are  times  when  power  is  needed 
for  pumping  and  other  work  when  the  dam  is  down  and  tnrfoines  ooold 
not  be  set  in  motion.  Another  advantage  is  that  steam-engines  we 
always  visible  and  accessible  for  repairs,  and  being  in  more  general  use 
than  turbines  it  is  much  easier  to  get  competent  men  to  manage  them. 
The  proximity-  of  the  dam  to  the  great  iron  and  coal  city  of  Pittsburgh 
seems  to  indicate  steam  as  the  natural  and  proper  motor  at  this  woriu 
We  therefore  recommend  the  use  of  steam  instead  of  water  power  for 
moving  the  gates  and  for  other  similar  work  about  the  lock. 

The  arrangements  for  filling  and  emptying  the  lock  seem  to  be  well 
designed  to  ser\'e  their  purpose^  and  also  to  prevent  any  accnmidatioDS 
in  the  gate  recesses  that  nught  mterfere  with  the  free  movement  of  the 
gates. 

The  short  section  of  movable  dam  across  the  head  of  the  lock  is  appa- 
rently a  nec4»ssary  adjimct  in  order  to  insure  the  safe  withdrawal  of  both 
gates  in  time.s  of  flood,  and  their  re-establishment  across  the  lock  when 
the  floods  have  subsided.  Should  experience  show  that  the  gates  can 
be  maneuvered  without  it,  the  wickets  can  be  utilized  on  the  weir  of 
another  dam. 

In  appro>ing  of  the  plans  that  have  been  laid  before  us,  the  Board 
desire  to  limit  their  approval  to  the  general  design  and  method  of 
accomplishing  the  object  of  the  work.  They  think  that  the  engineer  in 
charge  should  have  great  latitude  in  all  the  details,  as  time  and  experi- 
ence are  constantly  suggesting  minor  changes  and  modific^ations  which 
the  engineer  should  be  at  full  liberty  to  adopt  without  the  formality  aod 
loss  of  time  required  to  submit  a  formal  application  for  authority.  The 
very  plans  which  we  are  now  discussing  are  a  proof  that  improvements 
are  constantly  suggesting  themselves  in  any  large  work,  even  before  it 
is  begun.  It  is  probable  that  many  others  will  become  evident  diuing 
the  actual  work  of  construction. 

Ac(*omi>anying  this  reiwrt  is  a  tracing  of  the  lock  and  its  appiu^e- 
nances.  It  was  not  considered  necessary  to  give  the  details  of  all  the 
minor  parts,  for  the  reason  suggested  above. 

We  would  recommend  that  the  engineer  in  charge  investigate  the  pro- 
priety of  using  iron  instead  of  wooden  tiiisses  for  the  lock-gates.  Either 
material  wffl.  ayc«oisi^\^\i  \\»  ^jvscr^^sfe  ^sal^ssCa^torily^  and  we  woiUd  there- 
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fore  leave  the  selection  to  him,  subject,  of  course,  to  the  approval  of  the 
Chief  of  Engineers. 

Very  respectfully,  your  obedient  servants^ 

H.  G.  Wright, 
Lieut  Col.  of  En^fineerSj  Bvt,  Maj.-Oen. 

G.  Weitzel, 
Major  of  JEJngineerSj  Bvt  Maj,-Oen. 

O.  M.  PoE, 
Major  of  Engineers^  Bvt  Brig.  Oen. 
Wm.  E.  Merrill, 
Major  of  JEJngineerSy  Bvt  Colonel. 
F.  A.  Mahan, 
First  Lieutenant  of  Engineers^  Recorder. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 

[First  indorsement.] 

Office  of  Chief  of  Engineers, 

February  4,  1878. 

Eespectfully  submitted  to  the  honorable  the  Secretary  of  War  in  con- 
nection with  the  question  of  the  construction  of  the  first  movable  dam 
across  the  Ohio  River  below  Pittsburgh,  provided  for  by  the  river  and 
harbor  act  of  March  3. 1875.  A  report  upon  this  subject  was  made  by 
a  Board  of  Engineer  Officers  constituted  for  the  purpose,  which  was  ap- 
proved by  the  Secretary  of  War  May  5, 1875. 

Further  investigation  of  the  subject,  pending  the  settlement  of  pre- 
liminary matters  before  commencing  the  work,  has  induced  Maj.  Wm.  B. 
Merrill,  Corps  of  Engineers,  the  officer  in  charge,  to  propose  an  altera- 
tion of  the  plan  heretofore  approved,  so  far  as  it  relates  to  the  dimen- 
sions of  the  lock  and  the  construction  of  lock-gates.  This  proposed 
change  in  the  plan  was  submitted  for  investigation  to  a  Board  of  Engi- 
neer Officers  and  the  resiUt  is  given  in  the  within  report. 

It  will  be  seen  that  the  Board  approves  the  proposed  change  in  the 
lock  and  lock-gates.  Its  views  are  concurred  in  by  me  and  are  respect- 
fully recommended  for  approval. 

####### 

A.  A.  Humphreys, 
Brig.  Oen.  and  Chief  of  Engineers. 

[Second  indorsement.] 

The  recommendation  of  the  Chief  of  Engineers  is  approved. 
By  order  of  the  Secretary  of  War. 


February  9, 1878. 


John  Tweedale, 
Acting  Chief  Clerk. 


U    2. 

IMPROVING  UPPE^  MONONGAHELA  RIVER,  WEST  VIRGINIA. 

Nothing  was  done  on  the  works  on  this  river  during  the  pa^st  year, 
owing  to  lack  of  funds.  The  condition  of  tlie  work  is  given  in  Major 
MerrilPs  la«t  annual  rei)ort  (Eeport  of  the  Chief  of  Engineers  for  1877^ 
Part  I,  page  662). 
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Major  Merrill  further  says : 

It  is  also  imiKirtant  to  begin  as  soou  as  possible  the  lock  at  Laurel  Rnn,  2  miles 
below  the  mouth  of  Cheat  River.  When  this  lock  is  finished  (which  is  No.  8  of  the 
series  beginning  at  Pittsburgh),  the  Monongahela  Navigation  Company  will  nnt  in  No. 
7,  and  then  there  will  be  a  comi)let<i  slackwater  navigation  from  Pittsburgh  to  Mor- 
gantown,  102  miles.  The  lock  at  Laurel  Run,  with  keeper's  house  and  all  accessories, 
will  cost  about  |115,(X)0,  the  increase  over  the  Hoard's  Rock  lock  being  due  to  the 
greater  depth  and  expense  of  foundation. 

ESTIMATE  FOR   1879-^80. 

For  lock  at  Laurel  Run $115,000  00 

Money  statement. 

July  1,  1877,  amount  available $519  54 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$5^,51954 

July  1,  1878,  amount  expended  during  fiscal  year 340  00 

July  1,  1878,  outstanding  liabilitiee 2,903  15 

3,143  15 

July  1,  1878,  amount  available 22,376  39 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1880.   115, 000  00 


U  3. 
IMPROVEMENT  OF  LITTLE  KANAWHA  RIVER,  WEST  VIRGINIA. 

The  Little  Kanawha  drains  an  area  estimated  at  3^200  square  miles. 
The  character  of  its  basin  is  such  that  the  rain-fall,  except  what  is  ab- 
sorbed by  the  ground,  is  quickly  carried  oflf  by  the  river  and  its  tribu- 
taries. A  general  rain  in  the  basin  is  followed  by  a  rise  that  generally 
is  of  but  short  duration.  Sometimes  when  a  heavy  rain  occurs  in  the 
I  valley  of  a  tributary  the  water  c>oming  firom  it  carries  a  large  amomit  of 

sediment,  which,  being  deposited,  frequently  forms  a  bar  in  the  stream 
at  the  month  of  the  tributary. 

During  the  dry  season  the  Little  Kanawha  is  fed  by  mountain  springs, 
but  these  do  not  supply  sufficient  water  to  keep  up  a  continuous  navi- 
gation. 

The  present  use  of  the  unimproved  part  of  the  river  is  to  run  out  lum- 
ber. The  finest  qualities  of  poplar,  oak,  hickory,  beech,  maple,  birch, 
gum,  linn,  and  walnut  are  found. 

This  timber  must  be  cut  and  stored,  and  then  kept  until  a  rise.  As 
everybody  must  do  this,  it  naturally  follows  that  after  each  rise  there  is 
a  glut  in  the  markets  supplied  firom  these  sources,  and  consequently  the 
lumber  must  be  sold  at  prices  that  hardly  pay  for  getting  it  out  and 
transporting  it. 

This  valley  is  ver>'  rich  in  fine  iron-ore«.  Good  limestone  is  also  found 
in  abundance.  It  is  said  that  copper  and  saltpeter  have  also  been  found, 
but  the  quantity  and  quality  of  these  last  have  not  been  given. 

Plenty  of  coal  is  found  tiiroiighout  this  basin,  varying  in  thickness 
from  4  to  12  feet.  In  the  present  condition  of  the  river  this  coal  cannot 
compete  with  that  which  comes  from  Pittsburgh.  The  only  remedy  for 
this,  as  well  as  for  the  difficulties  about  lumber,  is  to  slackwater  the 
river.  Were  slackwater  established,  the  cost  of  towing  would  prol)ably 
not  exceed  that  on  the  Monongahela,  although  this  would  depend,  in 
some  mea^wYe,  wvo\i  \\\^  ^xxvovslwI  ^^  \«m\\\^  ta  b4  done. 
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The  great  obstacles  to  the  navigation  of  this  stream  are  lack  of  water 
and  leaning  trees.  During  the  periods  of  high  water,  when  the  currents 
are  swift,  the  sand  is  carried  away  from  the  roots  of  the  trees,  which 
consequently  lean  over  to  a  greater  or  less  extent.  In  rivers  6f  ordinary 
width  this  miglit  do  little  or  no  harm,  but  where  the  stream  is  narrow 
these  trees  become  a  great  obstacle  to  the  passage  of  boats.  Sometimes 
these  leaning  trees  are  entirely  undermined  and  carried  away  by  the 
current.  If  they  happen  to  be  caught  at  any  shoal  point  they  become 
dangerous  as  snags.  At  other  times,  when  caught,  they  form  the  nucleus 
of  bars,  and  in  this  case  they  present  a  very  great  obstruction  to  im- 
provement, because  it  becomes  necessary  to  remove  not  only  the  rack- 
heap  but  the  bar  also  that  has  formed  about  it.      ^ 

On  account  of  the  sinuosity  of  the  river  both  bars  and  islands  become 
great  obstacles  to  navigation  by  reducing  so  much  the  width  of  the 
stream.  The  thick  undergrowth  of  brush  upon  the  bars  and  islands 
has  caused  their  enlargement  by  collecting  and  holding  the  sedimentary 
deposits  of  the  freshets. 

The  three  mill-dams  above  Glenville  present  great  obstacles  to  the 
navigation  of  the  upper  river.  These  dams  are  only  passable  by  boats 
■when  there  is  a  rise  of  at  least  8  feet.  The  consequence  is  that  rafts- 
men are  often  prevented  from  taking  advantage  of  water  otherwise  stat- 
able, on  account  of  the  depth  bemg  insufficient  to  float  them  over  these 
artificial  obstructions. 

Last,  but  not  least,  must  be  mentioned  the  many  large  rocks  scattered 
over  the  bed  of  this  river.  There  would  often  be  sufficient  water  to  make 
nearly  all  other  obstructions  disappear,  but  the  current  of  this  river  is 
so  rapid  during  these  freshets  that  it  is  almost  impossible  for  loaded 
boats  to  pass  the  projecting  rocks  in  the  sharp  bends  without  being 
«tove  up. 

Mr.  Bell,  the  engineer  in  charge  of  the  work  on  this  stream  during 
the  simimer  of  1877,  reports  as  follows : 

The  improvements  on  this  river  have  }yeen  made  with  a  view  of  bettering  its  present 
navigable  condition  as  far  as  practicable  with  the  available  funds.  Before  describing 
the  manner  of  removing  the  obstructions  to  navigation,  it  will  be  necessary  to  state 
.that  tliis  improvement  was  not  underi^^aken  witii  the  view  of  obtaining  a  depth  of 
"water  sufficient  for  steamboat  navigation,  but  simply  to  remove  such  o^jstructions  as 
impeded  the  running  out  of  the  timner  products  of  this  valley. 

After  the  examination  of  the  Beaver  and  Nailor  Bend  rocks  with  a  view  to  preparing 
specifications  for  their  removal  by  couti-act,  I  began  to  work  upon  the  improvement 
of  the  river  at  Buftalo  Shoals,  the  first  serious  obstruction  below  Lumberport,  the 
practical  head  of  navigation  for  rafts.  The  improvement  consisted  in  building  a  brush 
and  stone  wing-dam  to  the  island  in  the  middle  of  the  shoal,  and  in  plowing  and 
scraping  the  gravel-bed  of  the  left-hand  chute.  All  the  water  is  now  confined  to  one 
channel,  which,  since  its  improvement,  has  increased  in  depth  nearly  2  feet. 

The  work  from  Bulltown  to  this  shoal  consisted  in  the  removal  of  such  leaning  trees 
and  snags  as  had  a  tendency  to  catch  floating  logs  that  were  on  their.way  to  be  formed 
into  TSkftH  in  the  vicinity  of  Lumberport. 

It  was  thought  inailvisable  to  expend  much  money  upon  the  upper  river,  so  long  as 
the  most  serious  obstructions  still  reinained  in  the  shape  of  mill-dams,  which  have  a 
legalize<l  existence.  Consequently  this  part  of  the  river  received  only  such  improve- 
ments as  were  absolutely  necessary  for  the  running  out  of  timber.  The  most  serious 
obstacles  to  navigation  were  found  between  Glenville  and  Grantsville,  and  the  greater 
part  of  the  summer  was  spent  in  removing  them.  This  part  of  the  river  is  narrow, 
and  was  greatly  obstructed  by  leaning  ti'ces,  snags,  liars,  islands,  rocks,  and  shoals. 
The  river  from  Grantsville  to  slackwater  Ijecomes  wider  and  deeper  from  its  many 
large  tributaries.  Consequently  the  obstructions  to  navigation  are  not  so  serious. 
The  leaning  tree49  were  cleared  from  the  banks,  and  cut  up  so  oh  to  be  carried  away  by 
the  next  freshet.  The  removal  of  snags  was  undertaken  during  extreme  low-water. 
The  thick  uiulergrowth  of  brush  upon  the  bars  and  islands  was  grubbed  and  burned. 
The  hard  gravel  crest  of  thc^  bars  was  broken  up  by  plowing,  so  as  to  better  expose 
the  loose  matt«*r  underneath  to  the  ac^tion  of  floods.  A  channel  was  in  some  iustav\<!.e% 
cut  through  the  bars  to  obtain  the  fullest  erosive  actVou.    TYvex^i  wc^.  Yi»  *«;\\w\ss^^<5>«v  *^- 
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Btxuctions  now  remainiDC  on  this  river.  The  a^lvantages  j^ven  to  navigation  by  their 
removal  can  only  be  realized  by  considering  the  great  labor  and  loss  they  have  hith- 
erto occasioned  to  the  timber  interests. 

Upon  some  of  the  shoals  the  imi)rovenient  consisted  in  bnilding  wing-<lam8  to  con- 
centrate the  water  into  one  chute  during  minimum  stages.  Thcjse  cLanis  have  m  every 
case  given  good  satisfaction  by  confining  the  water  into  one  navigable  channel  that  was 
formerly  spread  over  a  wide  area.  Many  of  the  shoals  have  a  ijravel  be^l,  which  was 
plowed  and  furrowed,  and  all  loose  rocks  were  removed  from  the  channel  and  placed  upon 
the  wing-dams.  WTiere  islands  existed  it  became  necessary  to  close  one  of  the  chutes  by 
means  of  a  dam,  in  order  to  throw  the  entire  vohime  of  water  into  the  main  channel 

Since  the  completion  of  the  improvements  there  have  been  two  freshets,  which  have 
carried  out  immense  quantities  of  drift  and  left  the  river  comparatively  free  from 
timber  obstructions.  Many  letters  have  been  received  from  pilots  employed  on  the 
river,  all  of  whom  speak  favorably  of  the  improvements  made.  The  result  of  the  work 
may  be  briefly  stated  thus :  The  most  serious  obstructions  have  been  entirely  or  par- 
tially remove*! ;  a  greater  depth  of  water  has  been  secured  at  the  shoalest  i>oint8 ;  the 
duration  of  the  racing  stages  has  been  increased,  and  the  labor  and.  cost  of  rafting 
have  been  materially  lessenetl. 

The  water  supply  of  this  valley  being  too  irregular  for  sluice  navigation,  the  only 
possible  method  of  obtaining  a  constant  depth  sufficient  for  navigation  is  to  adopt  a 
alackwater  system. 

Subjoined  are  two  tables,  which  show  the  amount  of  work  done  on 
this  river.  The  first  gives  the  names  of  the  points  where  improvements 
have  been  made,  and  shows  the  nature  of  the  work  done,  with  explana- 
tory remarks.  The  second  gives  a  statement  of  the  quantities  of  work 
done. 

TabkXo.l. 


m  S 


U9i 

U7 

U4 

113i 
1121 

112} 

U2i 
U0| 


Name  of  place. 


106 
103 
1011 

02i 

01 

89 


Buffalo  Shoal 


stoat's  Island. 


Cooper's  Rnn  Island. 


Niemer  Rocks  and 

Stout's  Mill  Rocks. 

Garret  Rocks 


Dask  Camp  Bar 

Stoat's  Bend  Rocks. 
Bark's  Island 


Floyd  Bend  Rocks. 

Hay's  Bar 

Glenville  Rocks. .'. . 
Red  Oak  Bar 


A  dam  of  brash  and  stone  was  boilt 
across  the  right-hand  chute.  All 
loose  rock  was  removed,  Channel 
was  plowed  and  scraped. 

Brash,  drift,  and  trees  were  removed. 
Right-hand  side  and  lower  end  of 
island  plowed  and  scraped. 

Brush  was  removed.  Island  was 
plowed  and  scraped.  Left-hand 
chute  was  widened  and  deepened. 

These  are  very  dangerous  rocks  in 
bend  of  river. 

These  rocks  have  caused  consider- 
able damage  to  boats.  They  are  in 
bend  at  head  of  Dusk  Camp  Bar. 

Brush  was  removed,  bar  was  plowed 
and  a  channel  was  cut  throneh  it. 
Right-hand  chute  was  closed  by  a 
dam. 

These  rocks  were  dangerous  to  navi- 
gation. 

Brush,  trees  and  drift  were  removed. 


These  rocks  were  entirely  removed. . 

Bnish  was  removed.    Bar  was  plow- 
ed, scraped,  and  channeled. 


The  bed  of  this  shoal  is  gnTcL 
Dam  is  50  by  3  by  2  feef  high. 
The  depth  of  water  in  channel 
has  been  increaacMl  20  incb«. 

An  immense  pile  of  drift  hadlodfed 
upon  this  island. 


Picken's  Bar 

Paddv'sRock... 
Middle  Run  Bar 

Muscle  Shoals 


Brush  and  drift  wei-e  removed.  Bar 
was  plowe<l,  scrajK'd,  and  channeled. 

This  bar  was  plowed  and  scrajMHl 

This  i"ock  was  partially  removed. 

Brush  Mas  ivnioved ' and  bar  was 
plowed  and  furrowed. 

A  ci*ib-dani  was  built  fi-om  left  bank 
to  an  i»ilan<l  at  fiH>t  of  shoal.  Point 
of  riK-ks  at  hviul  of  shoal  was  re- 
moved.   The  channel  was  plowed. 


The  channel  was  300  feet  long,  15 
feet  wide,  and  13  fleet  deep. 


Island  was  thickly  covered  with 
large  trees.  An  Immense  pfle  of 
drift  had  coUected  at  lower  &tA 
of  island. 

These  rocks  were  serioos  impedi- 
ments to  navigation. 

New  channel  400  by  30  by  4  feet 
deep. 

The«e  rocks  are  in  the  vicini^  of 
Glenville. 


A  serious  obstruction  to  navigation. 


This  wa«  the  worst  obstruction  in 
the  river.  An  increased  depth 
of  2  feet  has  been  obtainetl  in 
channel  since  thin  improvement 
Dinieu.siouH  of  dam  are  650  feet 
Vvsv^^tx  Vjase  12  feet,  top  8  feet  and 
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Tabls  Xo.  1 — Continued. 


S  • 

®  ST 


88| 

8d 

87 
86 

82^ 
80 

77i 

eei 

56 
55 
5^ 

52| 


471 


42 


Kame  of  plaoe. 


Martial  Island 


Bafferty^s  laland. 

Laurel  Shoal 

Acre  Island 


Steer  Creek  Shoals. 
Hoffinan's  Bar 


Leaf  Bank'Bar 

Big  Boot  Shoal 

Stocking  Ron  Bar. 

Maize  Bend 

Lower  Leading  Isl- 
ands. 

Leeson's  Bock 


Connty  Line  Bocks. 
Nailor  Bend  Bocks. . 


Katy  Bnn  Bocks. 
Beaver  Bocks — 


West  Bend  Bocks. 
Scott  Bend  Bocks. 
West  Fork  Shoal.. 


Spring  Creek  Islimd. 


Description  of  work. 


Island   was    plowed    and    scraped. 

Brush  was  grubbed  and  burned. 

Bight-hand  cnute  closed  b^y  a  dam. 
Brusn  was  removed  from  this  island. 

Point  of  rocks  at  foot  of  island 

was  removed. 
A  dam  of  brush  and  stone  closes  the 

left-hand  chute. 
Brush,  drift,  and  trees  were  removed. 

Bi^ht   chute   closed    by   a   dam. 

Pomt  of  rocks  at  head  of  island 

removed. 
All  loose  rock  in  shoal  was  removed. 
Bar  was  plowed  and  brush  was  re- 
moved. 
Brush  was  removed.  Bar  was  plowed 

and  channeled. 
Bed  of  this  shoal  was  plowed  and 

loose  rock  was  removed.  . 
Brush  was  removed.  Bar  was  plowed 

and  channeled. 
The  nrojecting  rooks  were  removed. 
Brusn  was  removed;    islands  were 

plowed;    right-hand    chute   was 

closed  by  a  dam. 


These  rocks  were  removed  entirely 
and  fragments  deposited  below  low- 
water  surface. 

These  rocks  were  partially  removed. . 

Thewe  rocks  were  entirely  removed 
to  low-water  surface. 


A  dam  of  brush  and  stone  was  built 
at  head  of  shoal  and  one  at  foot. 
The  first  dam  directed  the  water 
into  the  channel,  while  the  other 
backed  it  up  on  the  shallow  places 
of  the  shoal.  Many  large  rocks  in 
the  shoal,  which  were  always  dan- 
gerous to  navigation,  were  removed. 

This  island  was  grubbed  and  drift 
was  removed. 


Bemarks. 


This  is  now  the  shallowest  shoal 

on  the  river. 
Bight-hand  side  of  this  island  was 

tnickly  covered  with  trees.    An 

immense  pile  of  drift  had  lodged 

on  this  island. 

Point  of  rocks  at  foot  of  bar  was 

removed. 
The   low-water  channel   is   very 

crooked. 
Point  of  rocks  on  right  at  foot  of 

shoal  was  removed. 
Point  of  rocks  was  removed. 


A  dangerous  rock  projecting  inta 

the  nvor. 
These  rocks  were  dangerous. 
These  rocks  were  considered  very 

dangerous  to  navigation. 


These  rocks  were  the  worst  ob- 
structions on  the  river.  They 
caused  much  damage  and  loss  ta 
navigation. 

Serious  obstructions  to  navigation. 

Point  of  rocks  on  the  left,  as  well 
as  all  the  rocks  on  the  banks  near 
the  shoal,  were  removed. 


Table  No,  2. 


Description  of  work. 


Dams  built 

Bocks  removed  . . 
Earth  removed. . . 
Trees  removed. . . 
SnacH  removed. . . 
Saplings  removed 

Drift  removed 

Trees  trimmed . .  - 
Acres  grubbed. . . 


Quantities. 


2,282  cubic  yards. 
4,113.8  cubic  yards. 
1,676  cubic  yards. 
3,128  cubic  yards. 
2,927  cubic  yanls. 
3,'871  cubic  yards. 
46  cords. 
735. 
11|. 


The  work  to  be  done  during  the  present  season  and  the  estimate  for 
1879-'80  are  reported  by  Major  Merrill,  who  assumed  charge  soon  after 
the  close  of  the  fiscal  year. 
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Money  statement, 

July  1, 1877,  amount  available,  including  $550  due  on  outstand- 
ing liabilities $7, 300  00 

Amount  appropriated  by  act  approved  June  18,  1878 18, 000  00 

$25,300  00 

July  1,  1878,  amount  expended  during  fiscal  year 6, 369  31 

July  1,  1878,  amount  available 18,930  69 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      68, 270  00 


U4. 

work  proposed  during  the  present  season  on  the  improve- 
ments of  the  ohio  and  little  kanawha  rivers,  with  estimates 
for  the  next  fiscal  year,  by  major  william  e.  merrill,  corps 
of  engineers,  in  charge. 

United  States  Engineer  Office, 

Cincinnati^  August  30, 1878. 

Oeneral  :  I  have  the  honor  to  submit  the  foUowing  statement  of  the 
proposed  work  of  the  present  season  in  connection  with  the  improve- 
ment of  the  Ohio  and  the  Little  Kanawha  rivers,  together  with  an 
estimate  of  funds  that  will  be  required  for  these  rivers  during  the  fiscal 
year  1879-^80 : 

OHIO  RIVER. 
WORK  OF  THE  PRESENT  SEASON. 

The  appropriation  of  June  18, 1878,  has  been  allotted  as  foUows : 

Improvement  of  Grand  Chain  (specially  allotted  by  appropriation  act)  ....  $50,000  00 

Movable  dam  at  Davis's  Island 125,000  00 

Completion  of  dike  at  The  Trap 18,000  00 

Repair  of  dike  opposite  foot  of  Blennerhassett  Island 1, 100  00 

Extension  of  Evansville  dike 12,500  00 

Removing  rocks  from  river  between  Pittsburgh  and  Cincinnati 9, 000  00 

Expenses  of  snag-boat,  dredges,  and  office 82,000  00 

Contingencies 2,400  00 

Total 300,000  00 

ESTIMATE  FOR  YEAR  ENDING  JUNE  30,  1880. 

As  stated  in  my  last  annual  report,  no  allowance  was  made  in  the 
original  estimate  for  the  movable  dam  at  Davis's  Island  for  the  cost  of 
land,  as  there  was  apparently  no  way  of  determining  its  value.  This 
land  has  since  been  purchased  at  a  cost  of  $14,043.  Adding  the  legal 
expenses  .attending  tlie  purchase,  estimated  at  $550,  we  shall  have 
$14,593  as  the  total  cost  of  the  land. 

The  cost  of  a  lock-keeper's  house  was  also  omitted  in  the  estimate. 
;i  Such  a  house  must  be  built  ultimately  should  the  work  prove  a  success. 

Temporary  buildings  for  an  office  and  store-rooms  will,  however,  be  used 
until  the  lock  and  dam  shall  have  l>een  tested,  and  therefore  no  estimate 
ift  now  submitted  for  a  permanent  building. 

Estimated  cost  of  movable  dam $465,060  00 

Cost  of  site 14,583  0« 

Total - 479,59:5  09 

Already  appTo\>T\a\eA 2^^,000  00 

Amo\mtTe(\\i\TedloTcom\\e\\Q\i '&k;^SJ.<» 
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There  are  many  places  on  the  Ohio  River  where  dikes  for  controlling 
the  currents  are  greatly  needed,  espexjially  at  Four  Mile,  Portland  Bar, 
Pu])py  Creek,  and  Caseyville.  Owing  to  the  character  of  the  work  and 
the  accidents  liable  to  oc-cur  in  the  course  of  construction,  it  is  very  diffi- 
cult to  make  exact  estimates  of  cost. 

Taking  the  cost  of  the  French  Island  dike,  however,  as  a  basis,  we 
shall  have  the  following  approximate  estimate : 

Four  Mile,  1,500  feet,  at  $15 |22,500  00 

Portland,  1,2(X)  feet,  at  |15 18,000  00 

Puppv  Creek,  2,500 feet,  at  $15 37,500  00 

Caseyville,  2,500  feet,  at  (^15 37,500  00 

Total 115,500  00 

Each  of  these  works  would  benefit  a  large  amount  of  commerce. 
Four  Mile  Bar  is  ten  miles  above  Cinciimati.  Portland  Bar  is  just  below 
the  falls  at  Louisville.  Puppy  Creek  Bar  is  between  Eockport  and 
Owensborough ;  and  Caseyville  Bar  is  oi>posit«  the  town  of  that  name. 

It  is  quite  probable  that  another  dike  will  be  required  at  Four  Mile, 
and  that  the  dikes  at  each  of  the  other  places  will  ultimately  require 
extension;  but  it  is  inadvisable  to  do  more  in  one  season  than  is  indi- 
cated above. 

In  the  Ohio  River  there  are  twenty -four  wrecks  of  steamboats  and 
model  barges,  twenty  of  which  are  obstructions  to  navigation,  and 
should  be  removed.  This  can  only  be  done  by  blo\iing  thein  up  with 
powder.  The  snag-boat  is  not  designed  for  this  class  of  work,  nor  has 
she  time  to  s])are  from  her  legitimate  duty  of  removing  snags  and  the 
smaller  wrecks  of  coal-barges.  It  is  therefore  proi^osed  to  do  this  work 
by  contract.  The  cost  is  estimated  at  $20,000,  or  an  average  of  $1,000 
per  wreck. 

The  wooden  hull  of  the  dredge-boat  Ohio,  which  has  been  in  service 
seven  years,  is  now  worn  out.,  and  it  is  proposed  to  remove  her  machinery 
to  a  new  hull  built  of  iron.  The  reasons  for  preferring  an  iron  hull  are 
thus  set  forth  by  Mr.  E.  J.  Carj^enter,  assistant  engineer  in  charge  of 
the  dredges  : 

The  hull  of  the  United  States  dredge  Ohio  is  worn  out  and  cannot  be  made  to  last 
longer  than  through  the  present  season.  It  will  be  necessary  to  build  a  new  hull  for 
the  dredge^  and  in  accontance  with  your  instructions  I  have  made  the  following  state- 
ment of  the  relative  merits  and  cost  of  wooden  and  iron  hulls. 

The  engines,  boiler,  and  machinery  on  the  dredge  are  good,  although  they  wiU  re- 
quire some  repairs  before  being  pla<*e<l  on  a  new  hull. 

It  wiU  be  advisable  to  add  to  the  machinery  a  pair  of  engines  to  run  the  capstans, 
And  hoist  the  forward  spuds,  exi>erieuc«  on  the  (hwego  having  shown  that  they  greatly 
facilitate  the  handling  of  the  boat  and  thus  increase  her  capacity  for  work. 

The  following  are  the  dimensions  of  the  two  Ohio  River  dredges,  with  their  draught 
of  water  when  new  and  at  the  present  time : 


I>redge. 

Length. 

Width. 

Depth. 

Dmfght 

Ohio 

70  feet 

28  feet 

5  feet  9  inches  . . 

6  feet  0  inch 

34  inches,  1871 ;  47  inches,  1878. 
31  inches  1873  •  37  inches.  1878. 

Oswego 

75  feet 

30  feet  

As  the  dredges  are  employed  almost  exclusively  during  the  low-water  season  and  in 
dredging  shallow  bars,  it  is  essential  to  successful  work  that  they  should  be  of  the 
least  jMJssible  draught.  Experience  has  shown  that  this  should  not  exceed  30  inches, 
and  tnat  if  possible  to  build  a  dredge  that  would  only  draw  2  feet,  its  efficiency  would 
be  greatly  iucrease<l. 

With  this  object  in  view,  I  propose  to  make  the  new  hull  20  feet  longer  and  IH  f'P^t 
wider,  thus  giving  an  area  of  bottom  of  2,835  square  feet,  instead  of  the  pn'sent  bot- 
tom area  of  1,960  sciuare  feet.  I  also  propose  to  retain  the  uecessarv  stiil^ness  of  huU^ 
and  to  give  more  room  to  handle  coal  by  increasing  live  vW\kW\  v\i  \\\v\\»^Vt'tV» 
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If  the  now  hull  of  these  dimensionB  (90  feet  by  31  feet  6  inches,  by  6  feet  4  inches) 
be  built  of  wood,  the  dredjje  in  complete  order  for  service  with  coal  aboard,  will  draw 
28  inche»;  if  of  iron  she  will  draw  24  inches,  a  gain  of  4  inches  in  draught  in  favor  of 
an  iron  hull. 

To  determine  whether  it  will  be  better  to  bUild  the  new  hull  of  wood  or  of  iron,  the 
following  considerations  are  presente*!. 

It  will  1h^  seen  that  the  Ohio  now  draws  13  inches  more  than  when  built,  and  the 
Oncego  6  inches  more.  This  is  due  partly  to  the  fact  that  a  wooden  hull  l)e<*om€s 
water-s^mked  in  time,  and  partly  to  its  breaking  down  at  the  ends.  In  fact,  the  hulls 
of  all  woo<len  boats  built  for  the  shallow  waters  of  Western  rivers  show  these  two 
faults  after  a  couple  of  years'  service.  The  Ohio's  hull  has  rotted  so  badly  that  the 
seams  will  no  longer  hold  oakum,  and  cannot  therefore  be  made  water-ti^ht. 

Several  methods  of  chaining  to  keep  the  hulls  in  shape  have  been  tried,  but  with 
only  partial  success,  and  I  am  satisfieil  that,  for  the  heavy  work  required  on  the  Ohio 
River,  it  is  imiM>Hsible  to  build  a  light-draught  wooden  hull  that  can  be  kept  in  shape. 
As  soon  as  the  timlnTs  soften,  the  fastenings  begin  to  give  way;  and.  even  when  new 
they  cannot  l>e  made  as  solid  as  they  should  be. 

Ajs  stated  above,  a  wooden  hull  well  built  would  draw  4  inches  more  than  an  iron 
one ;  and  when»as  an  in>n  hull  would  not  have  any  apparent  increase  of  draught  in 
say  10  years,  the  woodeu  one  would,  if  not  worn  out,  have  a  draught  at  least  15  mchea 
greater  than  when  new. 

Moreover,  an  iron  hull  would  firom  the  first  bo  very  much  stronger  than  a  wooden 
one,  and  in  case  of  iujur>'  it  could  readily  be  put  in  as  good  condition  as  when  new, 
which  is  impossible  with  a  wooden  hull. 

As  for  durability  under  the  usual  conditions  of  8er\4ce,  there  is  no  doubt  but  that  an 
iron  hull  would  outlast  at  least  three  wooden  ones. 

For  these  reasons,  I  think  it  would  be  an  economy  as  well  as  a  great  gain  in  effi- 
ciency to  l>uild  the  new  hull  of  iron  instead  of  wood,  provided  it  does  not  cost  more 
than  thri'C  times  as  much. 

The  following  is  an  approximate  estimate  of  cost  of  both  an  iron  and  a  wooden  hall 
for  the  Ohio : 

DREDGE  WITH  WOODEN  HULL. 

Hull  ready  for  machinery $9,000  00 

Capstan-engines,  capstans,  and  spud-hoist 2,000  00 

Transfer  and  repair  of  machinery 2, 000  00 

Total 13,000  00 

DREDGE   WITH  IRON  HULL. 

HuU  ready  for  machinery $22,000  00 

Capstan-engines,  capstans,  and  spud-hoist 2, 000  00 

Transfer  and  repair  of  machinery , 2,  000  00 

Total 26,000  00 

The  life  of  a  wooden  hull  well  built  should  be  about  eight  years.  Our  past  ex])erience 
shows  that  during  this  time  such  a  hull  would  cost  for  repairs  as  much  as  the  amount 
originally  paid  for  it,  while  the  repairs  to  an  iron  hull  would  probably  not  exceed  $2,000 
for  the  same  period. 

The  loss  of  working  time  caused  by  accidents  to  the  wooden  hulls  as  shown  by  expe- 
rience averages  about  $600  per  annum.  What  an  iron  hull  would  lose  daring  the  same 
time  can  only  bo  estimated,  but  in  order  not  to  make  the  comparison  too  unfavorable, 
we  will  put  it  at  $:J00,  or  one-half  the  loss  caused  by  a  wooden  hull. 

Summing  up  on  the  basis  of  one  iron  hull  and  tlu'ee  wooden  ones  in  24  years,  we 
have: 

Three  wootleu  hulls,  at  $9,000 $27,000  00 

Repairs  for  24  vears 27,  000  00 

Value  of  working  time  lost  24  years,  at  $600 14,  400  00 

Cost  for  24  years 68,  400  00 

Cost  per  anuimi 2,  850  00 

One  iron  hull $22,000  00 

Repairs  for  24  years,  at  $250 6,  000  00 

Value  of  working  time  lost  24  years,  at  $300 7,200  00 

Cost  for  24  years 35,200  00 

Cost  per  annum 1,  467  00 

Under  these  circumstances,  I  would  strongly  advise  that  the  new  hull  for  the  Ohio 
be  made  of  iron.  T\\\ft  ^'\\\  mx<AN«i»  \vw  ^^VwsvsXk,^  <iwX.  ^<5ix  \v\ill-ca\jstan-engine8,  cap- 
stans, translei;  oi  mafc\mittr^' ,  &Le.,  oi  ^i&,vjf^. 
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It  may  lie  well  to  add  in  conclusion,  that  since  the  wooden  cranes  of  the  two  dredges 
have  been  replaced  by  iron  cranes,  the  annual  repairs  of  this  part  of  the  dredges  has 
been  reduced  thre«^-fourths  and  no  working  time  has  been  lost  through  accidents  to 
cranes. 

I  have  the  honor,  therefore,  to  submit  the  following  estimate: 

ESTIMATE  FOR  FISCAL  YEAR  1879-^80. 

To  complete  movable  dam  at  Davis's  Island $254, 593  00 

Dikes  at  Four  Mile,  Portland,  Puppy  Creek,  and  Casey ville 115, 500  00 

Removal  of  steamboat  wrecks 20, 000  00 

New  huU  for  dredge  Ohio 26,000  00 

Running  expenses  of  snag-boat  and  dredges  8  mouths,  at  |6,000 48, 000  00 

Office  expenses  and  contingences 35, 907  00 

Total 500,000  00 

LITTLE  KAJIAWHA   RIYER. — ^WORK  OF  THE  PRESENT  SEASON. 

The  sum  available  at  the  opening  of  the  season  was  $18,930,69,  of 
which  $18,000  was  appropriated  by  the  act  of  June  18, 1878,  the  balance 
being  left  over  from  the  appropriation  of  1876.  Of  this  sum,  $3,000  has 
been  allotted  to  continuing  the  work  of  removing  snags  and  rocks  begun 
last  season,  and  the  remainder  to  commencing  a  lock  near  Burning 
Springs,  W.  Va. 

ESTIMATE  FOR  FISCAL  YEAR  1879-'80. 

The  proper  work  for  the  ensuing  fiscal  year  will  be  the  completion  of 
the  lock  and  dam  near  Burning  Springs.  The  location  of  this  work  has 
been  definitely  fixed,  and  its  estimated  cost  is  as  follows: 

Masonry  lock |65,000  00 

Timber  dam 13,000  00 

Engineering  and  contingencies 5,000  00 

Lockkeepers  honse 1,200  00 

Total 84,200  00 

Available 15,930  00 

To  be  appropriated 68,270  00 

The  difference  between  the'  above  estimate  for  the  lock,  and  the  gen- 
eral estimate  on  a  lock  for  the  Little  Kanawha  contained  in  my  report 
of  Januarj^  9, 1875,  arises  in  part  from  the  fact  that  I  have  increased  the 
length  of  the  lock  from  143  to  150  feet  and  the  width  from  23  to  28  feet. 
This  will  better  accommodate  navigation,  the  first-named  dimensions 
being  those  of  the  locks  now  in  existence  wbich  are  somewhat  too  small. 
The  chief  ditt'ereuce,  however,  is  due  to  the  fact  that  no  available  site 
could  be  found  with  bed-rock  extending  entirely  across  the  river.  At 
the  site  cliosen  we  have  rock  bottom  for  three-fourths  tlie  distance  across. 
The  lock  has  been  plac^l  on  the  side  where  there  is  no  rock  so  as  to 
secure  the  be«t  foundation  for  the  dam.  This  necessitates  increased 
expense  for  foundations  for  the  lock,  but  it  is  easier  to  hold  the  lock 
upon  bad  ground  than  the  dam,  and  this  arrangement  is  therefore  the 
best  that  can  be  made. 

Respectfully  submitted. 

Wm.  E.  Merrill, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8,  A. 
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PROTECTION  OF  THE  COMMERCE  OF  CINCINNATI  FROM  DAMAGE  BY  ICE- 
FLOODS  IN  THE  OHIO  RIVER. 

UNITED  States  Engineer  Office, 

Cincinnati^  Ohio^  December  28,  1877. 

General  :  I  have  the  honor  to  submit  the  following  report  on  the 
best  means  of  protecting  the  commerce  of  Cincinnati  from  damage  by 
ice-floods  in  the  Ohio  River.  This  report  is  made  in  accordance  ^itb  a 
resolution  which  passed  the  House  of  Representatives  March  2,  1877, 
and  which  reads  as  follows: 

Beaolved,  That  the  Secretary  of  War  be  requested  to  report  to  Congress  on  the  best 
methodH,  hy  harbors  of  refuge  or  otherwise,  of  protect iug  the  river-couinieree  of  Cin- 
cinuati  from  floes  of  ice  in  the  Ohio. 

HISTORY  OF  THE  ICE-FLOOD  OF  1876-'77. 

Before  discussing  details  of  protection  from  ice-floods,  it  seems  proper 
to  give  a  history  of  the  break-up  of  last  winter,  which  was  an  unusu^y 
destructive  one,  and  was  doubtless  the  direct  cause  of  the  passage  of  the 
resolution  in  question,  and  also  of  two  pre\ious  resolutions  on  the  same 
subject,  which  will  be  mentioned  further  on  in  the  reiwrt. 

The  flrst  obstruction  by  ice  during  the  winter  of  1870-'77  occurred  on 
the  8th  of  December,  on  which  day  the  thermometer  fell  from  34  degrees 
at  4  p.  m.  to  zero  at  midnight,  notwithstanding  which  a  few  steamboats 
left  port.  On  Saturday,  the  9th,  the  weather  continued  cold,  and  the  ice 
became  so  heavy  that  the  underwriters  would  assume  no  fiirther  risks, 
and  ordered  all  boats  into  winter-quarters.  During  the  next  week  a 
few  trips  were  made  between  Cincinnati  and  Himtington,  but^  owing  to 
ice-gorges  below  Cincinnati,  only  one  or  two  boats  left  for  the  South, 
and  none  of  them  succeeded  in  getting  through  to  Louisville.  A  secona 
spell  of  very  cold  weather  began  on  tlie  lOth  of  December,  and  entirely 
suspended  navigation  for  the  whole  length  of  the  river. 

At  the  Cincinnati  Southern  Railway  bridge,  which  crosses  the  Ohio 
near  the  lower  end  of  the  city,  the  Keystone  Bridge  Company  had  just 
completed  the  scaffolding  for  the  main-channel  span,  and  had  notified 
the  public  that  this  space  was  closed  to  navigation  by  an  advertisement 
dated  December  9,  the  very  day  that  the  cold  wave  arrived.  It  was  on 
this  day,  also,  that  a  strong  upstream  wind  dislodged  some  of  the  float- 
ing booms  throwTi  out  to  protect  the  trestling,  and  left  it  unsui>xK)rted  to 
resist  the  whole  weight  of  moving  ice.  As  this  trestling  obstracted  a 
width  of  upward  of  500  feet  in  the  middle  of  the  river,  it  was  to  be 
expected  that  the  ice  would  first  gorge  here.  The  gorge  occuired  at 
noon  of  the  11th,  and  at  4.45  p.  m.  had  become  so  heavy  that  the  trestle- 
work  gave  way,  and  all  of  the  bents  except  one  or  two  on  the  north 
side  w  ere  carried  off.  No  iron-work  of  the  superstructure  had  been  put 
in  place,  and  therefore  the  loss  wa«  confined  to  the  timber  false- works; 
it  was  estimated  at  $10,000,  not  including  the  damage  caused  by  the 
delay  in  the  completion  of  the  bridge.  The  formation  and  movement 
of  this  gorge  sunk  several  coal-barges,  and  occasioned  a  loss  of  $5,000 
at  the  coal-landings  between  Central  avenue  and  the  site  of  the  bridge. 
No  other  damage  was  reported  in  the  vicinity  of  Cincinnati  while  the 
river  was  closing  up.  Some  losses  were  sustained  at  points  above  and 
below  the  city,  but  in  all  cases  they  wei*e  quite  small. 

The  weatiieT  eo\i\mwv^(\.  vi^SV^^  «w^^  W\^  yvs^\^  ^^\sv*is\\\ft<I  low^  so  that  on 
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the  26th  of  December  pedestrians  and  teams  were  crossing  the  Ohia 
on  the  ice,  not  only  at  Cincinnati,  but  as  far  south  as  Evansville.  The^ 
characteristic  feature  of  the  winter  was  a  month  of  continued  low  tem- 
perature from  December  9  to  about  January  9.  giving  on  the  Ohio  itself 
a  bountiful  crop  of  clear  ice,  which  in  some  places  was  said  to  average 
14  inches  in  thickness. 

There  are  no  safe  ice-harbors  at  or  near  Cincinnati,  and  most  of  the 
steamboats  in  j)ort  were,  as  usual,  crowded  along  the  public  landing^ 
between  the  Newport  ferry  and  the  suspension  bridge.  The  danger  to 
these  boats  from  any  movement  of  ice  was  early  apparent,  for  they  were 
so  tightly  frozen  in  that  any  movement  of  the  ice-field  would  have  in- 
evitably carried  them  along  with  it.  In  order  to  release  them  from  the 
main  body  of  ice,  the  underwriters,  at  an  expense  of  $250,  cut  a  chan- 
nel, just  outside  the  boat«,  from  the  foot  of  Central  avenue  up  to  the 
foot  of  Sycamore  street,  which  was  afterward  continued  by  the  Pomeroy 
Packet  Company  up  to  the  Newport  Ferry  Landing,  tlius  leaving  a  nar-^ 
row  strip  of  open  water  outside  of  all  the  boats  at  the  landing,  and  dis- 
engaging them  from  the  main  ice-field.  This  work  wa«  completed  by  the 
29th  of  December,  and  the  strong  current  kept  the  channel  oi>en  for  the 
rest  of  the  winter. 

Meanwhile,  in  the  lower  part  of  the  harbor,  the  Fifth-street  ferry-boat 
and  the  tow-boat  Kate  Waters  had  kept  open  the  line  of  the  ferry  and 
a  space  extending  upstream  several  hundred  feet. 

On  the  5th  of  January  a  narrow  channel  was  cut  by  hand  from  the 
wharf-boat  of  the  Louisville  Mail  Line  immediately  below  the  suspension 
bridge  across  to  the  coal-landing  on  the  Kentucky  shore.  During  the 
next  day  the  field  of  ice  below  this  cut  and  above  the  foot  of  Fifth  street 
moved  down  some  300  feet  and  then  held  fast  on  the  point  ojiposite  Muel- 
ler's stone-yard,  without  doing  any  particular  damage.  This  movement 
left  a  smaU  section  of  open  river  below  the  suspension  bridge,  and  con^ 
tracted,  but  did  not  close,  the  opening  near  the  foot  of  Filth  street. 
Taking  advantage  of  the  new  situation,  one  of  the  Champion  tow-boats, 
which  lay  in  the  mouth  of  the  Licking,  attempted  to  clear  out  the  chan- 
nel above  the  suspension  bridge  and  opposite  the  public  landing.  The 
ice,  however,  proved  so  heavy,  that  she  succeeded  in  getting  only  a  short 
distance  from  the  shore,  and  accomplished  no  useful  result. 

The  cold  term  was  followed  by  heavy  rains  on  the  northwestern  slope 
of  the  Allegheny  Mountains,  which  raised  all  the  streams  coming  in 
from  West  Virginia  and  Kentucky,  and  caused  a  rise  in  the  Ohio  that 
forced  out  the  heavy  ice  before  it  had  begun  to  weaken,  A  break-up 
Tinder  such  conditions  is,  of  course,  much  more  dangerous  to  property 
than  one  occurring  after  the  ice  has  become  gradually  rotted  by  mild 
weather,  and  is,  therefore,  too  soft  to  do  any  injury  when  put  in  motion* 
It  is  a  rare  thing  for  ice  to  attain  such  strength  as  it  did  last  winter,  and 
it  is  very  seldom  put  in  motion  by  so  great  a  flood.  The  conditions  were, 
therefore,  favorable  for  heavy  losses. 

The  rise  that  started  the  ice  began  in  the  bend  of  the  Ohio  near  the 
mouths  of  the  Kanaw  ha  and  Big  Sandy,  and  it  gradually  forced  its  way 
southward,  the  ice  at  each  point  holding  the  flood  back  until  broken  up 
by  its  irresistible  pressure.  On  the  9tli  of  January  there  was  a  move- 
ment at  Iron  ton  and  Poitsmouth,  which  simk  and  carried  a^vay  coal- 
boats  and  did  much  damage.  The  first  serious  movement  at  Cincinnati 
took  place  on  the  12th.  At  Louisville  it  began  on  the  14th,  at  Evans- 
ville on  the  15th,  and  at  Shawneetown  on  the  16th.  While  this  was 
going  on  in  the  Middle  and  Lower  Ohio,  a  similar  disastrous  flood  was 
pouiing  dowTi  the  Monongahela  and  its  tribut«Lr>f,t\i^XQV3i^\'^^^\e5» 


j»*t<.  -  »*•*   f?*^   I*"?,'*    :i   "i.-*    ""*  **   "Aikii    n   11**      ♦!!•*.    »i^rr   ^-  TH*  jt*^  iajf*-";* 

^A»^  1   ^:i    V  tTV—  i#  r  .n.  ■    rit""^**-!    ^ir  'i**    ii^nnnz^imaf^^.   r^.  tt!i»>  ^gii]  -^^ 
*^.  i''»^   i»*-«r  '    '  ♦  n:«.:    Tiun  ^rr^'^^^-^i,  mr  r '•••••£  ii««fUi  •III 

-^rv-H*^  K  :  *  *u  M^   t.ui  7  1-  ji^  •*€  -i'uinairr  lis.     I*innr  cv^'isfnr  ^f  "» 
vr^t  ^/*»#  f'",ni  '\.i^  •*>-  ti##i  w  ii**-  Fjr:«^ifcr£!i  3i^^iraEi«fL  Jineiwim  ^ai 

^M4^  ^,\A  ^Trfk*    t^'x*^  **HTv*t*ik  Prni"**^iirz3.  J«»t  •. 

th*f  ^  >*;rir/>^t.  hii  th*-  w*-  wii*  «^^  h*?avT  tltat   «be 

t\iTff*yj:h  lU     ^>ij   .•*^i5i-ixiv   Ui^rTitiuz-  Jarioiirr   14.  the  itner 

f\ir^^iy  iu  ft* flit  r/f  til*'  f-rry.  bfjt  {fonf^rd  aK">ve  ai 

^#^iow  jii  ^ ;»ijior/»'*.     At  11,4^1  a.  m-  tb^^^  «r«>r£f*es  l^v^Le.  and 

wa*  n-ifii^  r^\t.*\\\'.  JiO  ri*rw  jforir^r  #-»>nM  f«HTii.  aod  do 

4it'rnrt^L     SA\\'jL'i'i\*tU  wa*  iv>ijmfd  on  th#f  iMh  erf" 

lu-*nU'^  th^  .-t^^njr^#5jt>  at  the  pn>»lK'  laiKlin?  and  imiaediatiely  N^v 
th*i  «^ij-ji*'n«iofi  bn^iir*-.  there  w^-re  four  at  the  mooth  fjf  th^  Lieidfi^ 
arj'i  five  nhfjiff  the  ri^^jt  Vr^nk  li^iow  the  marine  railway  and  mider  t^ 
Jee  of  the  tJ^/Jitin^  ieehrKiker  thrr^wn  oat  to  protect  tb^  diy-doefcs.  All 
r/f  the^  \ftf^tj*  e?**:5ijierfl  injury.  Tlie  total  number  of  st^-ambr^tt^  in  port, 
JneliHiin;:  three  on  the  wjiy?*  at  Covin^on.  waf*  37:  of  these,  7  we^esmik 
or  r^an-ie*!  away.  3  of  them,  however,  being  smaU  pleasure-bodit^  or 
KteamlauneheH.  valrierl  at  ^\^i%%)  ea^rh. 

Tlie  amorint  of  *M>al  atJ^^t  wa.s  22^1  l>arge?s.  of  which- 8  wene  partly  nn- 
\(KuhiiL  There  were  als^i  held  in  pr>rt  4^i7  empty  coal-barges,  which Vere 
diMtri\>utw\  aVm^  \)<>X\i  ^i$t<w»  tosisv  \!afc  \QAutk  of  the  Little  Miami  to 
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Sedamsville,  and  were  tied  up  in  fleets  wherever  there  was  any  hope  of 
protection  from  the  ice- 
Owing  to  the  want  of  a  tow-boat  that  could  break  through  the  harbor- 
ice,  many  of  the  eni]>ty  barges  were  necessarily  left  in  places  where 
there  wa^  small  probability  that  they  could  escape  in  case  of  a  bad 
break-up.  The  heaviest  fleets  of  loaded  barges  were  at  Coal  Haven  (a 
]io]nt  on  the  left  bank  of  the  river  nearly  opposite  the  mouth  of  the 
Little  Miami),  at  the  Queen  City  elevator,  and  on  the  left  vsliore  at 
Ludlow^,  below  the  Southern  Railway  bridge.  The  greatest  loss  occurred 
at  Waters's  Landing,  the  lowest  landing  at  Coal  Haven.  The  number  of 
loaded  coal-barges  lost  was  71 ;  the  number  of  ennity  barges  cut  down 
or  carried  away  was  175. 

The  loss  on  steamboats  and  wharf-boats  at  Cincinnati  amounted  to 
$73,(J50,  and  that  on  coal,  coal-barges,  coal-flats  and  floats  to  $2()2,89o ; 
making  a  total  loss  of  $276,545.  These  flgiu'es  have  been  obtained  by 
personal  investigation  into  each  loss,  and  are  believed  to  be  substan- 
tially correct.  Besides  getting  the  actual  value  of  j)ropei'ty  lost,  I  have 
liad  both  sides  of  the  river  from  the  Little  Miami  to  Sedamsville  care- 
fully canvassed  to  ascertain  the  numl>er  and  iwsition  of  boats  at  each 
landing  when  the  ice  moved,  and  wliich  of  them  were  sunk  or  carried 
away.  Several  months,  however,  had  elapsed  since  the  ice-flood,  and 
there  was  much  difticulty  in  getting  the  facts  required.  Discrepancies 
between  the  statements  made  by  the  owners  of  coal  and  by  the  foremen 
in  charge  of  the  fleets  coidd  not  always  be  reconciled,  but  the  results 
obtiiine<l  are  thought  to  he  quite  acciu'ate  in  the  majority  of  cases,  and 
approximately  correct  in  the  others. 

Accompanying  this  report  is  a  map  of  the  harbor  of  Cincinnati, 
which  shows  the  position  and  kind  of  each  boat  in  the  harbor  on  the 
12th  day  of  Jamiary,  when  the  ice  commenced  moving.  To  make  the 
information  embodied  in  this  map  more  apparent  to  the  eye,  all  steam- 
boats and  barges  that  were  sunk  or  carried  away  are  colored  red; 
loaded  barges  are  shaded  in  black  j  empty  ones  are  intlicated  only  in 
outline. 

Some  barges  that  were  carried  away  were  recovered  uninjured,  but  it 
was  quite  impossible  to  ascertaiii  whence  they  started,  and  therefore 
no  attempt  has  been  made  on  the  map  to  distinguish  between  those  that 
were  totally  destroyed  and  those  that  were  carried  away  and  afterward 
recovered.  Numbers  of  the  latter  floated  out  into  the  Mississippi  l)efore 
they  were  captured,  and  the  expense  of  salvage  and  of  bringing  back 
such  barges  was  quite  heavy. 

The  information  contained  in  the  map  is  consolidated  in  the  following 
table,  the  total  loss  sustained  at  each  landing  being  summed  up.  Own- 
ers of  coal-barges  could  often  giv^  their  total  loss  of  empty  barges,  but 
could  not  indicate  the  landings  at  which  they  lay ;  on  the  other  hand^ 
owners  of  landings  coidd  tell  the  number  of  barges  carried  away,  but 
oftentimes  did  not  know  how  many  of  them  were  recovered.  The  loss  in 
empty  barges,  therefore,  although  nearly  correct  in  the  aggregate,  has 
probably  some  errors  in  detail  which  could  not  be  avoided. 
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Table  of  coal-hartfafy  coaUjIata,  and  similar  craft  in  the  harbor  of  Cincinnati  during  the  \(t. 
bliH'kade  of  lH76-'77,  {firing  the  landings  at  vhivh  they  lay,  and  the  number  and  ta/ic  of 
thotf€  cut  down  or  carried  away  at  the  breaking  up  of  the  ice. 


Name  of  Untling. 

AT  LANDISO. 

1 
LOST.                   j 

Bank. 

Coal-bargeft.     ^^^^^     Coal-barge* 

1 

Flats. 
Ac. 

1 

n0 

• 

1 
17 
24 
13 
36 
7 
4 

3 

lit 

• 

1  £  • 

.     3     

• 

>. 

1 

1 

1a  (\ 

Brown'».  nuner 

1 — 

!)«» 

St<*wHrt"». 

...    22 

....      7 

...1     0 
o 

..'.13 

'     3    .... 

1    1  , 

4 

■■•■;■■■■ 

IK, 

Hrowu'M.  lower   

1    '  ■ 

1     \A7» 

IV»  ... 

\Vat«'n*'H 

Ki'Hojiu'h 

;  26 

7  12 

4 
3 

14 

-.-,    1 

Riirht... 

1 

4 

IM 

Ynncliluth'n 

1  2,  *■■-■ 

7  «e 

Lift 

Tnipp  &  Ut'i'iz'n 

.... 

3 
1? 

Kiulit 

()n<'en  ( 'it  v  Kh'vator 

34 

1 

1 

. .  - . 

i     4   1     3  <     1 

4 

--      4 

16. »» 

!>«» 

(  r«nIll«M'M 

Wolf'M  Rolllnsr-Mill 

!     4 

'     } 

L.ft 

2 

2 

; 

Riirht 

Kt*VNton«*  Elevator 

0 
6 
1 

•  •  «  • 

'  2  ::: J..:. 

3 

....    1 

I>«> 

IKHlHWorth'H 

3 

1  ? 

1 

L.ft 

\VillliiiiiH4)trH 

...    1 . .  . . 

1 
1 

« 

4 

... 

\Ut 

( rortloiTH 

1 

r» 

4K 

2        1  1 

....    1 
"i ... 

2,7W 

Iky 

IK> 

Ne^n)ort  Hamickfi 

Li«  kliiir  River 

9 

* 

o 

1 

Do 

Shlllkle'H 

..1  10 
..        1 

IK) 

K  lint  zler'n  

1 

^     2 
3 

1 

■Ri-ht... 

Foot  of  Rare  Htn-et 

i          , 

•  ---,. ...J...  ... 

L.'fr    ... 

I).  Knelianan'H 

5 

...      .^ 

. . . . 

i  T :::: 

3 

1 

.-- ;  1 

1(«9 

Itiuht... 

SteVeiiM'M 

1 

1          ^     '  ^ 

IK. 

JohnHton'a 

4 

1,«» 

IK) 

I^'Vv'm  . . ., 

2        4 

2 

1 

1 

Lift 

< 'ovliijL'ton  Saw-Mill 

2 
2 

2 

....    1 



Riuht 

Mann«*t*H 

i     5  1 .  1 .  . . . 

9Qfi 

iKi 

( Hiio  River  Salt  CoiupanvV 

1 

1     1 

1     2 

3 

3 

1     1 

1 

IK) 

Coehiiower'M.  upiMT  ....*. 

1 

4 
11 

3 
16 

8 

Q 

.  - . . 

t 

1 

LiO 

Montn«)in«*rv*H 

I 

* " 

4 

;    \.m 

RiL^ht 

BiH'liauairH 

f 

Lrlt 

Coviimton  iKM'kM 

1 

. ; 

!     1   1   ... 

4 
9 

1 

1  §ei 

RiL'ht 

(laH  foinitanv'M 

!     2  !---    .-^ 

7  (JM 

Lift 

Hat«'iiian  h   

4 

....  1 
.  -  -     1 

4      .. 

i 

l€,(ia) 

IDi 

iKi 

Freiirliinan'H 

1 

'  i 

3 
3 
3 
2 
3 
3 
3 

Riuht. . . 

RolHim-Mill 

1 

7 

. . . . 

1 

i:::.,:::: 

7 

- ' '  ■    * 
...     1 

2.U» 

IK) 

Mll.lleiH 

1 

IK) 

IMiillipMH 

0    

....!.... 

....      1 

1K» 

.S'leua  &.  Stone 

• 

4 
4 
3 

10 
2 
2 

32 
7 
6 

j ........ . 

1  -" ' 

IK) 

HanlH 

2 

1 

3 

1 

iV  3 

'     I 

1. 2* 
5,  eye 

I>.) 

IK) 

IK) 

Collier.  Bmlil  A  Co 

('iiiciiiiiati  ('oal  and  Coke  ('onipany 

Ruhm'h    ' 

3 
10 

...    2 
'  1 

1K> 

Fifth  Strt'et 

2 
32 

1 

..... 

1  (XS 

lA-rt 

MeCovH 

i 

O                                 j    .    .    .    . 

3  dM 

Riiiht.... 

CiM'hiiower'H.  lower 

1 

.... 

4   ....     i 

3 

7 
5 

•    3  ' 

IK) 

Zininiennaira 

4,  WO 
1,1.1© 

IK) 

K«'ek'« 

3 
1 

!\  r 

1K» 

Biiekev** 

1 

....    2  i 

- 

1   !    ■ 

1 

.  ..  .,      0 

i 

1 

IK) 

Mill  Creek 

5 

...'.."  "::-| 

IK) 

Cratl'H 

1 



1 

lA-n 

Walmer'a 

3 

38 

...  .... 

. .     (. . . 

1 

IK) 

KevHtone 

1 

3 
1 

1 

1               i 

Rlulit... 

Fleniniinif'H 

5 

7 

4 

■-i  1 

5 

■■3-.::;:! 

"3     i ' 

9,  ON 

1 K) 

T went vflrnt  W'anl 

0 
22 
27 

4 

i  '   [ 

Lift 

Waliuer  A'  l*«*ekleheinier 

! 

! 

10 

IK) 

Crall  &  Wall 

30 

.  .  .  .  1 

^' 

1  I     ^  ' 

U0» 

3dd 

Ri«iht.... 

Rold  face 

i 
t 

j 

Total : 

1 

! 

no  j   12    4<ll 

10 

12;")      65      10    173 

J 

8     29 

3Et(«3 
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Lief  of  steamhoats,  wharf-boatSy  and  model  barges  inport^  showing  their  position  and  the  loss 

from  icx\ 


Name  of  boat. 


Position. 


£»timat«<l 
I0H8. 


Wildwood 1  Cincinnati  dry-docks 

Exfhangt" ]  Cincinnati  marine  ways. 

TVamiT  and  two  model  barges Foc»t  of  Binl  street 

I^i/i-»  L-  Davis Litlierburv's 


LUy 


Hiram  "Watson . 
Millie  Roberts  . 


do 


Gardner's 

N.  and  C.  Bridge,  Newport 


Kewnort  Belle  and  Float 

Cincinnati  Ik'lle  anil  Float 

Calumet 

VintShinkle 

Golden  City 

Tel»-jn*aidi 

Bostoua 

Bonanza 

Bijr  Sandy,  wharf-boat 

New  (Jrleans,  wharf-boat 

Andy  Ikium 

Andes 

Mary  Miller 

Kninia  Gi-aham 

Shinkle's  wharf-boat 

Champion  No.  7 

Champion  Xo.  8 

Chanmion  Xo.  9 

IVn  t  ranklin 

S^ven  nxMh'l  barges 

Louis vlUe  Mail- Line  wharf- boat 


UnitiHl  Stjites . 
General  Buell. 


Newport    and    Cincinnati  C 
Ferry  Landings.  i 


$30,000  00 


Between  Lawrence  street 
and  the  suspension  bridge. 


Robert  Peebles 

Central  avenue  ferry-boat  and  two 
floats. 

Hull  of  Nick  Limgworth 

Xate  Watci-s ". 

Mark  Twain 

BuHineHH 

M«>ckinir  Bird 

Fanny  Webster  and  three  Hoats 


Mouth  of  Licking 

do 

do 

do 

TTp  the  Licking 

B*'low    suH|>ension    bridge, 

Cincinnati. 

do 

Beh>w    suspension    bridge, 

Coviugtiui. 

Foot  of  Race  street 

Foot  of  Central  avenue 


Minnie  Keenan 

N'aomi 

"Water  Lilv  . .  -  - 


Samnson's  Tending 

On  Covington  do<-ks  . . . 

do 

do 

Collier,  Budd&  Co.  s.. 
Ludlow  Ferry  Landing 


McCoy's  Landing 

Ludlow 

do 


"^'ater  Wit cli '  Mill  C ivek 


One  model  Imrge 

Libert^',  and  four  model  barges 


Menmiin'r's. 
Sedamsville . 


2,000  00 


20,000  00 


50  00 


350  00 
50  00 


700  00 
500  00 
500  00 


12,  000  00 


Remarks. 


IJnited    Stat^«    light- 
house t^^mler. 

Small    boat,     slightly 

damaged. 
Ferry-boat. 
l>o. 


Damaged. 
Sunk. 


One  slightly  damaged. 


2,000  00  I 
5,  000  00 


Slightly  damaged. 
Ferry-iioat. 

A  dismantled  hull. 


Propeller,  snnk. 

Boai  and  two  Hoats  de- 

stroytMl. 
Caniod  away  and   re- 

covi'nMl. 
Deatixiyed. 
Do.* 
Do. 


Loss  of  two  model 
barges,  huided  with 
salt  and  fire-brick. 


SUM3IARY. 


Class. 


Total 


O 


Freight  and  passenger  steamboats \  15 

Tow-b«»atH 8 

Fen'v-l>oats 4 

Small  tugs  and  pleasurc-l)oata 8 

McmIcI  barges 14 

Dismantled  hull  1 

Wharf-bosits  and  ferry-floats 12 

United  States  light -house  tender 1 


o 

El 

ft 


2 

1 
1 

5 


eS 

B 

« 


$50,000 

350 

3.500 

3,700 

12,550 


3,550 


73.650 
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HARBOR-ROOM  REQUIRED. 

As  it  is  manifestly  impossible  to  determine  what  will  l>e  the  futraie 
amount  of  the  eommen*e  of  Cincinnati,  it  will  be  assumed  that  harbor- 
room  sufficient  to  provide  for  the  craft  that  were  actually  in  i>ort  ou  the 
12th  day  of  January,  1877,  will  answer  the  purpose  of  this  report, 

A  coal-barg:e  may  be  taken  a«  measurin^j  130  by  24  feet,  or  3,120 
square  feet.  The  net  area  of  the  harbor-room  I'equired  for  623  coal- 
barges  will  therefore  be  1,943,7(50  square  feet,  or  44.6  acres.  K  to  thi^ 
we  add  10  per  cent,  as  the  least  possible  allowance  for  wa«te  room  and 
p»8sa|jce-ways,  we  shall  have  49  acres  as  the  harbor-room  required  to 
contain  all  the  coal-bar^jes  that  were  in  Cincinnati  last  winter. 

The  net  area  inquired  to  contain  135  flats,  floats,  and  misc^ellaneons 
craft  will  be  270,000  square  feet,  or  G.O  acres;  which  increasetl  by  10 
l)er  c^*nt.  liecomes  6.S  acTes.  This  added  to  the  49  iwrt^s  pre\iously 
fouiul  f^ives  55.8  acres  as  the  area  required  to  contain  the  water-craft 
included  in  our  flrst  table. 

In  gcttinfc  the  area  required  for  steamboats  we  may  omit  all  ferry- 
boats, wharf-boats,  dismantled  hulls,  and  diminutive  steamboats  of  all 
kinds,  thus  reducing  the  nimd)er  to  be  provided  for  to  24  steiimlKiats 
(including  tow-boats)  and  14  model  barges.  Each  steamlxiat  may  be 
assmued  to  require  an  area  of  12,000  square  feet,  and  each  mcxlel  barge 
an  area  of  4,500  square  feet.  For  24  steamboats  thei-e  would  therefore 
b^  required  a  net  area  of  288,000  square  feet,  or  6.6  acres ;  and  for  U 
moilel  barges  a  net  area  of  ijy^iiO  square  feet,  or  1.5  acres ;  adding  10 
per  cent.,  as  before,  we  find  that  the  steamboats  will  require  7.3  acres, 
and  the  model  barges  1.7  acres. 

Collecting  the  areas  found  above,  we  have: 

Arm. 

Area  necessary  for  683  coal-barges ......  49.0 

Area  necessary  for  135  flats,  floats,  «fcc 6.8 

Ar<*a  necessary  for  24  steamboats 7. 3 

Area  necessary  for  14  moilel  bargee 1.7 

Total 64.8 

It  is  thus  shown  that  a  water-surface  of  64.8  acres,  or  in  round  num- 
bers 65  acres,  woiUd  be  reqiuied  to  accommodate  the  winter  commerce 
of  Cincinnati. 

AVAILABLE  HABBOKS. 

The  only  harbors,  properly  so  called,  that  can  be  made  on  a  river  Hke 
tho  Ohio  are  such  as  can  be  excavated  out  of  its  banks.  The  large 
tributaries  are  generally  as  dangerous  as  the  main  river,  and  the  only 
resource  is  to  dig  into  the  shores,  wherever  there  are  low  areaa  that  will 
reduce  the  cost  of  excavation.  Tlie  valleys  of  the  creeks  and  small 
streams  are  naturally  the  only  places  where  such  areas  can  be  found. 

It  is  essential  to  the  usefulness  of  a  harbor  that  boats  should  always 
be  able  to  get  into  it  during  the  proper  season. 

The  harbi)rs  herein  discussed  are  solely  designed  for  protection  from 
ice-floods,  as  floods  unaccompanied  by  ice  are  not  dangeroas. 

The  ordinary  demands  of  commerce  require  that  steamboota  and 
barges  be  at  their  usual  landings  as  long  as  possible.  Steamboata  can 
transact  their  regidar  business  until  the  very  day  the  river  closes,  as 
they  have  the  ability  to  proi)el  themselves  to  any  desired  point  at  a  few 
hours'  notice,  and  even  to  force  themselves  through  thin  ice.  A  con- 
siderable amo\mt  ot  \mfc  ^'Qvild^  however,  be  required  to  lay  up  barges 
for  tlie  wmleT. 
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It  is  thought  that  at  least  one  month  wouhl  be  necessary  for  the 
transfer  to  tlie  liarbors  of  refuge  of  all  tlie  barges  that  are  intended  to 
be  sheltered  there,  if  the  movement  is  to  take  place  without  confusion 
or  vexatious  delays. 

The  month  in  question  would  e\ddently  be  the  month  immediately 
preceding  the  closing  of  navigation.  To  ascertain  at  what  date  this 
may  be  expected  the  files  of  the  Cincinnati  Commercial  have  been  care- 
ftilly  examined,  and  tbe  following  table  giving  the  dates  and  duration 
of  the  stoppage  of  navigation  at  Cincinnati  during  tlie  last  twenty  years, 
has  been  compiled  therefrom: 


Winter. 

52 

U 

5r  >  a 

*-  SI  S 

lf^-58     

18r>H-'ij9 

i«r)»-'60 

Jan.     2 

Jan.    10 

18«K»-'61 

1861-82 

l«B2-'63 

l«63-'64 

Jan.     4 
Feb.   19 
Jan.    30 
Feb.   15 
Dec.   30 
Jan.    19 
Jan.   31 

Jan.    17 

Jan.   2.5 
Ftb.   23 
Feb.     6 
Feb.  20 
Fib.     5 
Jan.   23 
Feb.   15 

1864-'«5 

18«.V66 

Mti6-'87 

18G7-'68 

18(5H-*«9 

1869-70 

1K70-71 

Dec.   a4 
Dee.   19 
Dee.   28 
Jan.     9 
.Jan.    27 
I>oc.   13 

Jan.    14 
Dw;.   24 
Dec.   31 
Jan.    12 
Feb.   20 
Jan.     4 

lK71-7a 

1872-73 

Dec.   21 
Dec.   29 
Jan.    10 
Jan.    30 
D*^.   23 

lK7a-74 

lK74-7r) 

Jan.    12 

Jan.   21 

Jan.   30 

1H75-76 

187l^-T7 

Dec.     9 

Dec.   19 

Jan.    18 

Bemarks. 


No  HeriouH  interruption. 

Xo  iierioufi  interruption :  river  higb. 

No  aerious  intermption. 

Di). 
Xo  iieriuua  interruption ;  river  higb. 


Occaaional  trips  eonld  be  made. 

Do. 

No  neHouH  intemii>t1on. 

No  aerioufl  iutemi|>tion ;  river  higb. 


Heavy  ice  mnninp:  until  Febmaiy  6. 
Xo  aetriouf)  iiit<;n'U)>tiou. 

No  aerioua  intermption;  river  high. 
Ice  began  nioviiig  out  January  13. 


It  will  be  seen  from  the  above  that  during  nine  years  out  of  the 
tw^enty  examined,  or  during  45  i>er  cent,  of  tlie  ^vinters,  there  was  no 
8topi)age  of  navigation  by  re^ison  of  ice.  The  earliest  stopjiage  during 
the  ])eriod  in  question  was  that  of  last  winter  (187(i-'77),  which  began 
on  the  IH^^h  of  December.  The  next  earliest  was  in  the  wint4*r  of  1872-'73, 
which  l>egan  on  the  13th  of  December.  If,  therefore,  we  make  our  har- 
bors accicssible  on  and  after  November  10,  there  will  always  be  at  least 
one  month  for  barges  to  enter  them. 

Coal-barges  usually  draw  (ij  feet,  and  ought  to  lie  in  at  least  7  feet 
depth  of  water  to  prevent  grounding.  It  is  therefore  evident  that  the 
conditions  of  the  problem  require  tliat  the  i)ropose<i  harlwrs  of  reliige 
shall  have  at  XenHt  7  feet  of  water  from  the  10th  of  November  to  the  end 
of  freezing  weather. 

An  insj)ectiou  of  the  gauge-records  kept  at  this  city  sine^  June,  1858, 
Bhows  tliat  the  river  is  always  higher  in  the  latter  part  of  the  winter 
than  in  November  and  December. 

The  following  table  shows  the  dat^s,  sinc^e  1858,  at  which  the  river 
has  stood  at  less  than  7  feet  on  the  Cincinnati  gauge  between  the  10th 
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of  Noyeinber  and  the  31st  of  December,  together  with  the  corresiwnding 
gauge-readings : 


1858. 
Nov.  23 

6  9  1 

1863. 
Xov-  21 

/  // 
6  10 

6  11 
6  li) 
6  8 
6  4 
6  1 
5  8 
5  5 
5  2 
4  11 
4  10 
4  8 
4  7 
4  5 
4  3i 
4  3 
4  2 
4  3 
4  5 
4  5 
4  2 
4  0 
4  1 
4  3 
4  5  , 

4  9 

5  6 

6  3 

6  7 

7  2 

6  4 
6  2 
5  11 
5  8 
5  7 
5  5 

5  5 

6  0  ' 
6  1 
6  5 
6  7  , 

6  10 

7  3 

4  11 
4  7 
4  5 
4  3 
4  4 
4  8 
4  9 
4  8 
4  5 
4  3 

1871. 
Nov.  20 

21 

Dec.  10 

11 

12 

13 

14 

15 

1      16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

/  1' 
4  5 

24 

6  6  , 

9  9 

25 

26 

27 

28 

29 

6  4 
6  2  . 

6  0 

6  10 

7  7 

1 

4  9 

4  9 

5  0 
10  0 

7  4 

1867. 

Nov.  14 

15 

16 ' 

17 

'  6  5 
.5  10 
,  5  6 
1  5  5 
1  5  4 

18 

'  5  2 

1859. 

19 

1  5  1 

Kov.  10 

20 

1  4  11 

11 

21 

.5  0 

12 

22 

5  0 

13 

14 

2i :::...:::... 

'»4 

5  t 

6  9 

15 

6  0       2r» 

5  11 

16 

8  2 
5  1 

26 

5  11 

27 

T  1 

1862. 

28 

«.^ .................. 

7  0 

Kov.  10 

29 

6  10 

11 

5  1 
4  0 
4  9 

*  7; 
4  6 

30 

)  6  9 

12 

Dec.   1 

6  9 

13 

2 

29 

8  d 

14 

1       3 

1877. 
Nov.  27 

15 

4 

16 

4  5  ! 
4  4 
4  3 
4  3 

4  1 

5  2 
4  4 
4  0 

5 

17 

6 

6  8 

18 

7 

28 

6  'i 

19 

8 

20  ... 

5  11 

20 

9 

30 

5  11 

21 

!      10 

!  Dec.   1 

2 

3 

4 

5 

5  11 

22 

11 

6  5 

2:j  

12 

6  7 

24 

3  11 

6  7 

25 

3  11 
3  11 

1869. 
Nov.  10 

6  i 

26 

6 

7 

8 

9 

1874. 

Nov.  10 

11 

12 

13 

14 

'    6  0 

27 

7  0 

12  6 

6  4 

5  10 

6  9 

7  3 
6  3  f 
5  9 
5  7 

11 

6  0 

28 

12 

6  9 
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Tlie  al>ove  table  shows  tliat  the  h)west  water  during  the  i>eri<xl  under 
examination  was  in  November,  1874,  and  that  tlie  k>west  i^ailing  wjw 
2  feet  10  inches  on  the  gauge.  The  next  lowest  water  during  tlie  same 
period  o<*curred  in  November,  18(>2,  and  read  3  feet  11  inches  on  the 
gauge.  Tliere  was  no  serious  interruj)tion  from  ice  during  the  A\inter  of 
18(>2-'(>3,  and  in  the  ^Wnter  of  1874-'75  the  river  did  not  close  until  Jan- 
uary 12;  but  these  conditions  ('ould  not  have  been  foreseen,  and  we  may 
therefore  still  assume  that  had  ice  harbors  been  available,  coal-barges 
would  have  been  in  them  at  the  times  of  these  lowest  stages.  To  have 
kept  these  barges  from  grouncbng  in  the  worst  of  the  tw^o  sea*K>ns,  the 
bottom  of  the  harbors  should  be  7  feet  below  the  lowest  gauge-n»adin^ 
given  above — or,  in  other  wonls,  they  should  be  4  feet  2  inches  below 
the  zero  of  tW  g,vv\\^"^.   \\J\^^^^^^!^vyt^VQ>^<^^l^\^\.<^^^\xt  them  at  an  even 


APPENDIX   U.  823 

4  fe43t  below  this  level,  and  this  depth  has,  therefore,  been  taken  for  the 
excavation  of  the  proposed  harbors  of  refuge. 

In  order  to  avoid  as  mueh  as  possible  the  construction  of  masonry,  it 
is  assumed  in  the  estimates  tliat  tlie  sides  of  the  basins  will  be  paved 
slojies  instead  of  retaining- walls.  For  the  same  reason,  the  entrances 
have  been  considered  as  having  paved  slopes,  although  masonry  walls 
would  undoubtedly  be  much  better  for  this  purpose. 

Several  localities  for  harbors,  otherwise  desirable,,  are  unavailable 
because^  they  are  on  the  convex  bank  of  the  river — in  other  words,  bex^-ause 
they  are  on  the  side  where  the  tendency  of  the  currents  is  to  cause 
deposits  and  make  sand  bars.  Occasional  dredging  will  probably  be 
nece^ssary  in  order  to  keep  open  the  mouth  of  any  recessed  harbor,  even 
tliough  made  on  a  favorable  shore,  unless  a  scour  can  be  establislu^l 
through  it  by  means  of  a  large  and  continuous  supply  of  wat<*r  entering 
the  basin  from  the  land  behind.  It  would  be  hopeless  to  attempt  to 
keep  open  the  mouth  of  a  harbor  wluch  is  both  on  the  convex  bank  and 
is  without  an  independent  supjily  of  water.  A  harbor  that  would  prob- 
ably i:^\e  continuous  occupation  to  one  or  more  dredges  had  better  not 
be  attempted. 

MOUTH  OP  THE  LITTLE  3IIAMI. 

A  harbor  with  an  area  of  31  acres  has  been  surveyed  on  the  right 
bank  of  the  Ohio  and  the  nght  bank  of  the  Little  Miami,  at  the  mouth 
of  the  latter.  Such  a  harbor  is  indicated  on  sheet  A,  the  general  map 
of  the  harbor  of  Cincinnati,  and  is  also  shown  in  detail  on  sheet  No.  2. 
A  nuich  larger  area  than  31  acres  can  be  obtained  here  if  desired,  but 
the  surv  ey  only  included  this  amount,  and  as  there  are  some  strong  ob- 
jections to  a  harbor  at  this  locality,  it  has  been  thought  best  to  prei)are 
the  estimate  on  the  area  actually  surveyed.  The  whole  estimated  si)ace 
of  (m  a<!res  can  be  obtained  here  without  difficulty. 

The  design  is  to  excavate  in  the  lower  angle  between  the  Miami  and 
the  Ohio,  using  the  excavating  material  to  protect  the  excavation  from 
Hoods  in  either  river.  In  order  to  obtain  the  necessary  water-supply, 
with  8ut!i(;ient  current  to  keep  open  the  outlet  of  this  harbor,  it  would 
probably  be  necessary  to  build  a  dam  across  the  Miami  and  provide  it 
with  sluices  leading  into  the  basin.  Tlie  outlet  would  lead  diiectly  into 
the  Ohio,  as  is  shown  in  map  No.  2. 

In  this  i)art  of  the  Ohio  the  strongest  current  is  along  the  left  shore, 
the  current  along  the  right  shore  being  comparatively  slack.  The  Little 
Miami  has  across  its  mouth  a  bar  of  sand  and  gravel  that  is  almost  dry 
in  low-wat^r.  It  mav  therefore  be  considered  as  certain  that  an  en- 
trance  into  the  harbor  through  the  mouth  of  this  river  would  reipiire 
a  large  amount  of  dredging  esich  year  to  keep  it  open  at  all  stages  of 
wat<»r. . 

The  amount  of  excavation  to  make  a  basin  of  the  area  of  31  a^res  would 
be  2,318,H()()  cubic  yards,  which,  at  30  cents  per  cubic  yard,  would  amount 
to  $G95,040. 

The  average  de]>th  of  the  excavation  would  be  41.1  feet.  The  sui-fiice 
to  be  paved  would  be  53, 7-15  square  yards,  which,  at  $1  per  square  yard, 
woidd  amount  to  ^53,745. 

The  cost  of  buihling  a  dam  a<*Tos8  the  Little  Miami  and  constructing 
proper  sluices  into  the  basin  would  amount  to  about  $00,000. 

It  must  be  borne  in  mind  that  in  order  to  procure  31  acres  of  harbor- 
room  at  low-water  it  will  be  ne(*4^ssary  to  purchase  enough  additional 
land  to  provide  for  the  sloping  sides  of  the  basin.  In  the  case  in  hand 
this  additioual  land  amounts  to  15  acres,  thus  cou\)^<il\iiv^  \Vkfc\f>\xv^^^<6 
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of  40  acres  to  secure  a  low-water  harbor  of  31  acres.    At  an  assmned 
pri<*e  of  $100  per  acre  this  land  will  cost  $4,600. 

The  total  cost  of  a  harbor  of  refiijre  at  this  point,  having  an  are«  of  31 
acn*s,  would  therefore  be  $813,98ii,  which  is  at  the  rate  of  ^20^58  per 
acre  of  harbor-room. 

CRAWFISH  CREEK. 

Tlie  next  point  examine<l  is  at  the  mouth  of  Crawfish  Creek,  between 
the  railrcMKl  and  the  river.  The  area  suneyed  is  shown  on  the  genei-ai 
map,  and  the  details  of  the  ground  on  sheet  No.  1. 

This  harlwr  is  favorably  situated  for  ai^i-ess  at  all  stages,  as  its  outlet 
is  through  a  concave  bank,  psiissing  direi-tly  into  the  deep  w  ater  that  is 
always  found  near  such  banks.  Tliere  is  no  tendency  to  deiK>sit  alono; 
the  shore  near  the  mouth  of  Crawfish  Ci-eek,  and  the  only  cli'eilging  that 
would  probably  be  require<l  at  this  harbor  would  be  the  removal  of  the 
small  de]K>sits  that  would  work  into  the  entrance  from  the  slight  eddy 
that  woidd  naturallv  form  there. 

In  calculating  the  amount  of  exca^-ation  at  this  locality,  and  the  avail- 
able area  for  shipping,  it  was  thought  best  not  to  jiass  beyond  the  bounds 
of  the  natural  depression,  as  any  digging  into  land  whose  surfiK5e  is  ou  a 
level  with  the  river-bank  woidd  be  exceedingly  ex|>ensive  without  ade- 
quate result.  With  due  allowance  for  side  slopes,  this  natural  basin 
gives  an  available  harbor-area  of  13  acres.  The  nature  of  the  material  to 
l)e  excavated  was  detennined  by  boring  through  it  to  a  depth  of  4  fi^et 
below  low-water.  As  shown  on  the  mai>,  the  hole  was  sunk  in  the  bed 
of  the  cn^ek  nearc^st  to  the  base  of  the  hills,  where  it  was  thought  most 
likely  that  i-o(*k  would  be  found.  No  ro(^k  was  found,  however,  and  the 
material  for  the  whole  depth  i)roved  to  be  fine  gravel  and  sand.  Tlie 
same  kind  of  material  jirobably  prevails  throughout  the  whole  area  of 
the  basin. 

The  amount  of  excavation  recpiired  for  the  harbor  proposed  would  be 
922,0(K)  cubic  yaixls,  which,  at  30  cents  \yev  cubic  yard,  would  cost  $276,000. 
The  average  de[)th  of  excavaticm  would  be  40.9  feet.  The  amount  of  pav- 
ing would  be  32,700  square  yaitls,  which,  at  $1  i>er  square  yanl,  would 
cost  $32,700.  The  land  re(iuire<l  would  cost,  as  far  as  I  can  learn,  about 
$700  i)er  acre ;  10  acres  will  be  re<|uired,  and  the  cost,  of  the  tract  would 
therefore  be  $13,300. 

The  total  cost  of  a  harlK>r  at  this  locality  woidd  therefoi^e  be  $322,600, 
or  an  avenige  of  $24,815  i)er  acre  of  harbor-room. 

Should  this  part  of  the  city  become  thickly  populated  it  might  then 
l)e  necessary  to  crass  the  outlet  of  the  harl)or  by  a  ibiiw-bridge,  but  as 
this  is  not  a  j)resent  necessity  no  allowance  has  lieen  made  for  it  in  the 
estimates. 

MILX.  OR  TAYLOR'S  BOTTOM. 

Tlie  next  point  to  be  considered  as  we  descend  the  river  is  Mill  or 
Taylor's  Bottom,  which  lies  along  Taylor's  Creek,  between  the  towns  of 
Kewi)ort  and  Bellevue  in  Kentucky. 

A  rei)ort  on  the  proiK)siti(m  to  make  a  harbor  at  this  locality  was  made 
by  me  ou  the  5th  of  February,  in  response  to  a  rt\solution  of  the  House 
of  Kepresentative^s,  datecl  Jainiary  30,  1877.  This  rei>ort  is  printed  a»s 
Ex.  Doc.  Xo.  39,  Senate,  Forty-fourth  Congress,  second  session. 

The  chief  obstacle  to  utilizing  Taylor's  Creek  Bottom  for  a  harlxir  of 
refuge  is  the  sand  bar  that  Ues  jutoss  its  mouth,  and  which  in  low-water 
is  dry  to  Tvithin  one  scpiare  of  the  Newport  and  Cincinnati  bridge.  Tbis 
is  the  nalvurai  isauOiXi^t  oil  ^  vjwvscsi'ii^  ^*;s^^^?^*5l  t\\ft\:Q  is  no  way  of  keep- 
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mg  ojyen  a  channel  through  snch  a  bar,  except  by  constant  dredging  or 
the  continual  scour  of  a  large  vohinie  of  water  issuing  from  the  mouth 
of  the  creek.  As  the  latter  is  usually  very  nearly  dry  in  summer  and 
fall,  it  was  manifest  that  the  natural  conditions  at  this  locality  wei^  an 
iiisui>erable  barrier  to  the  creation  of  a  practicable  harbor,  and  there- 
fore no  detailed  survey  was  made. 

MOUTH  OP  THE  LICKING. 

Tlie  Licking  Kiver  itself  is  much  used  as  a  harbor  of  refuge,  but  it  is 
considered  a  hazardous  one,  as  this  stream  is  subje<*t  to  rai)id  rises  that 
make  it  luisafe  even  in  summer.  In  olKniience  to  the  act  of  Oongi-ess, 
approved  March  3,  1871, 1  made  a  survey  of  the  mouth  of  the  Licking 
as  a  harbor  of  refuge,  and  my  report  was  printed  in  Ex.  Dix*.  No.  252, 
House  of  Kepresentatives,  Forty-se<H)nd  Congress,  secoiui  session.  It 
wa^s  also  reprinte<l  in  the  Annual  ReiM)rt  of  the  CUiief  of  Engineers  for 
1872,  pp.  420-425,  and  I  w(mld  refer  to  these  documents  for  further 
information,  merely  stating  that  the  largest  lateral  harbor  that  coidd 
-well  be  made  near  the  mouth  of  the  Licking  was  estimated  to  give  an 
available  area  of  0.8  acres,  and  that  its  least  cost  was  e^stimateil  at  $741,(K)(), 
of  which  $1G7,0(K)  was  the  cost  of  excavating  a  channel  through  the 
wide  rock  bar  that  now  obstructs  the  mouth  of  this  river. 

WILLOW  RUN. 

The  next  point  that  requires  investigation  is  the  basin  of  Willow  Run, 
a  small  stream  on  the  Kentucky  side  that  enters  the  Ohio  at  the  lower 
or  western  edge  of  the  city  of  ('o\ington.  Tliis  location  has  the  advan- 
tage of  deep  water  at  the  mouth  of  the  creek,  and  of  being  nearly  oppo- 
site the  center  of  Cincinnati.  The  detailed  survey  of  this  tiact  is  shown 
on  sheet  No.  3. 

The  area  of  the  ba^sin  laid  out  in  this  bottom  is  19.3  acres.  The  width 
of  the  entrance  is  taken  at  100  feet,  except  at  the  crossing  of  Third 
street.  Here  a  draw-bridge  would  evidently  be  required,  and  in  ortler 
to  avoid  having  so  great  a  weight  as  to  requii-e  the  use  of  steam  for  turn- 
ing it,  the  widtli  of  clear  opening  has  been  placed  at  00  feet. 

Tlie  average  depth  of  excavation  is  46.4  feet,  and  the  total  amount  to 
be  excavated  is  1,553,000  cubic  yards.  This,  at  30  cents  per  cubic  yanl, 
would  cost  $4(55,000.  Tlie  total  surface  to  be  paved  is  50,7(K)  squai-e 
yards,  which,  at  $1  per  square  yard,  amounts  to  $50,700.  The  cost  of 
the  draw-bridge  at  Third  street,  with  its  abutments  and  })ivot-piers, 
would  be  alKMit  $45,000.  The  cost  of  the  ground  is  an  uncertain  item, 
as  none  of  it  is  utilized  at  [^resent,  and  its  futm*e  value  dei)ends  entirely 
upon  the  growth  of  the  city  of  Covington.  But  some  pric45  would  have 
to  be  paid  for  land  if  a  harbor  of  refuge  were  made  in  this  IcK'ality,  and 
therefore  I  have  placed  it  at  $2,000  \yer  acre,  which  is  about  the  average 
price  put  upon  it  by  real-estate  dealers  in  Covington.  As  27  aci-es  would 
he  re<|uireii  in  ortler  to  S€»cure  10.3  acres  of  harbor-room  at  low  water, 
the  total  cost  of  the  land  would  l>e  $54,0(K). 

Adding  these  items  we  And  that  the  cost  of  this  harbor  would  be 
$615,600  for  19.3  acres,  or  at  the  rate  of  $31,000  per  acre  of  harbor-room. 

The  estimate  is  based  on  the  sui)pasition  that  no  ro<*k  will  be  found 
in  excavating  to  the  required  dei)th.  Two  test-borings  (ix)sitions  indi- 
cated on  the  ma[))  were  made  to  a  depth  of  4  feet  below  low-water  level 
witlumt  encountering  any  other  material  than  alluvial  deposits  of  gravel, 
sand,  and  clay. 
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3riLL  CREEK. 


The  next  available  point  is  the  valley  of  Mill  Creek,  an  Ohio  stream 
that  enters  the  river  in  the  lower  part  of  Cincinnati.  Both  banks  of 
this  stream,  within  5  miles  of  its  mouth,  are  within  the  cor|>orute  liiuits 
of  Cincinnati. 

A  resolution  of  the  House  of  I{ei)resentatives,  dated  January  17, 1877, 
calltnl  for  a  special  report  on  the  exi)ediency  and  utility  of  constnic-t- 
inj;  a  harlK)r  of  refuse  at  this  point.  By  direction  of  the  Chief  of 
En^inet*rs,  I  made  such  a  reiMut,  and  it  was  printe<l  as  Ex.  Dcx:.  No. 
34,  House  of  Hepix*sentatives,  Forty-fourth  Con^v^s,  seconil  session.  I 
wouhl  respci't  fully  refer  to  that  document  for  my  i*easons  for  considering: 
a  harbor  of  refu«;e  in  Mill  Civek  bottom  as  imi»rdcticable.  As  a  wireful 
examination  of  this  ju'oject,  made  subsiMpient  to  the  i-eixni;  in  question, 
failed  to  <levelop  any  new  i>oints  in  its  favor,  no  si)ecial  surveys  have 
bi*en  made  in  this  bottom.  The  loi*ation  is  indicated  on  the  general 
map. 

PLEASANT   RUN,   BRO>ILEY. 

This  was  the  lowest  locality  examined.  Pleasant  Run  is  a  small 
stream  that  enters  the  Ohio  from  the  Kentucky  shore  at  a  iK>int  one 
and  a  half  miles  below  the  Cincinnati  Southern  Railway  bridge.  The 
jMunt  on  the  Kentucky  shore  innne<liately  oi»]M)site  the  lower  lH>imdsu*y- 
line  of  Cincinnati  is  l,r>(K)  feet  lx*h)W  the  mouth  of  IMeas;int  Run. 

The  available  low-water  area  for  a  harbor  in  the  valley  of  this  stream 
is  30.3  acres.  The  low  area  is  some  distance  back  from  the  river,  and 
is  reached  by  an  entrance  00  feet  in  wi<lth.  The  average  dejith  of  exca- 
vation is  40.8  feet,  and  the  total  amount  is  2,031,000  cubic  yanls,  which, 
at  an  average  j)rice  of  30  cents  j>er  cubic  yard,  would  cost  i$(K)0,300. 
The  siufiu^e  to  l)e  i)avedis  4r>,000  sqimre  yanls,  which,  at  $1  per  scpiare 
yanl,  will  cost  $45,000.  As  the  mouth  of  the  inin  is  now  crosse<l  by  a 
tixed  bridge,  this  would  have  to  be  replaced  by  a  draw-bridge.  With  the 
usual  ojjcnings  of  00  feet,  such  a  bridge  would  cost,  including  ma^omy 
and  i)iers,  about  $45^000. 

Two  test-borings  were  made  to  determine  the  natiu-e  of  the  excavation 
recpiired.  Their  position  and  the  particular  nature  of  the  materials  fomid 
are  shown  cm  the  special  map  of  the  site,  which  is  marked  sheet  No.  4. 
Both  holes  were  sunk  to  4  feet  below  ordinary  low  water,  and  they  show 
that,  to  the  depth  required,  this  basin,  like  tlie  others,  contains  mainly 
an  alluvial  deposit  of  sand,  clay,  and  tine  gmvel.  The  soft  clay -stone 
exi)os(Hl  in  the  bed  of  the  cn^k  on  the  south  side  of  the  biusin  linuts  the 
harlK)r  on  that  side.  It  is  believed  that  due  allowance  hius  been  made 
for  this  ro<k,  although  the  funds  allottinl  for  the  work  would  not  ixTUiit 
sutficient  borings  to  determine  its  exact  position. 

This  harbor,  like  that  at  the  mouth  of  the  Little  Miami,  opens  on  a 
shore  where  the  cun-ent  is  not  strong,  and  where  dejKisits  art?  likely  to 
appear  if  the  present  regimen  is  change<l,  either  by  excavating  an  out- 
let or  by  building  dikes.  It  is  therefore  probable  that  the  entrance  to 
this  harbor  would  have  to  be  kept  oi)en  by  constant  dredging. 

The  value  of  the  land  is,  as  usual,  indeterminate ;  but  the  best  infor- 
mation j>uts  its  present  price  at  $50  per  acre,  and  a«  41  acre*s  would  be 
required,  its  cost  would  be  $2,050. 

The  total  cost  of  this  harl)or  would,  therefore,  be  $701,350,  which  is 
at  the  rate  of  $23,147  x>er  acre  of  harbor-room. 
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SUMMABY. 


Siiniming  up  in  tubular  fonu  the  results  that  have  been  determined 
above,  we  hav< 


Little 
Miami. 


A voragp  <l«»nth  of  excavation feet . . 

Amount  to  Im»  excavated cubic  yaixlH. . 

('ortt  of  excavation 

Surface  to  Im*  ])aved »quare  yardB . . 

Cost  of  paving 

CoHt  of  <lam  and  Hluicea 

Cost  of  bridges* 

Cost  of  laud   

Total  cctst  of  harbor 

Available  area acres. . 

Cost  i)er  acre  of  liarlMir 


41.1 

2,  318.  800 

$69.">,  (540 

53.  745 

$5:J,  745 

60,000 


4,600 

813.  OH.'V 

HI 

$26,  25H 


Crawfish. 


40.9 

922,000 

$270.  (JOO 

32,  700 

$32,  700 


13,  300 

322.  000 

13 

$24,  820 


Willow 
Kun. 


46. 4 

1,  553,  0()0 

$465,900 

50,700 

$50,  700 


Pleasant 
Kun. 


40.8 

2.031.000 

$609,300 

45.  000 

$45,  000 


45.  000 
54,000 

615.000 
19.3 

$31,900 


45,000 

2,  050 

701.  350 

30.3 

$23, 147 


It  is  proper  to  repeat  that  there  is  no  difficulty  in  obtaining  a«  much 
harl>or  room  as  may  be  needed  at  the  mouth  of  tlie  Little  Miami,  although 
the  survey  only  embraced  31  acres,  and  that  an  increase  in  the  area  of 
harbor  would  reduce  the  c<3st  per  acre  by  ai)portioning  the  cost  of  the 
entrance  and  of  the  sluices  among  a  greater  inimber  of  acres. 

On  acccmnt  of  the  difficulty  of  keeping  open  their  entrances,  it  is 
thought  that  neither  the  mouth  of  the  Littk^  Miami  nor  Pleasant  Run  is 
available  as  a  site  for  a  harbor  of  refiige.  Of  the  fom*  sites  to  which  our 
choice  is  practically  limited,  the  two  just  nameil  have  the  additional  dis- 
advantage of  having  the  most  inconvenient  locations,  the  former  being 
above  the  upper  boundary  of  the  cit;s',  and  7  miles  above  the  suspension- 
bridge  (which  is  practically  the  middle  point  of  the  harbor  of  ( 'incin- 
nati),  and  the  latter  about  opposite  the  lower  end  of  the  city.  Tlie  dis- 
tance l)etween  the  outlets  of  these  two  projected  harbors  is  therefore  lOJ 
miles,  the  length  of  river  between  the  corporate  limits  of  Cincinnati  be- 
ing 9  miles. 

The  only  sites  in  this  vicinity  that  are  at  all  practicable  are  Crawfish 
Ci-eek  and  Willow  liiui,  both  of  which  combined  would  only  give  a  liar- 
bor-room  of  32,3  acres,  instead  of  the  6i)  acres  which  our  preliminary 
calcidation  showed  to  be  necessary  for  the  complete  pmtection  of  the 
shii)i)ing  of  Cincinnati.  We  may,  therefore,  sum  up  by  stating  that  our 
investigations  have  develoj)ed  the  fact  that  one-half  the  shii)i)ing  of  Cin- 
cinnati could  be  sheltered  in  harbors  of  refuge  at  a  (;ost  of  $1)40,000. 
The  locations  of  these  two  harbors  are  very  good.  Crawtish  ice-harbor, 
4i  miles  above  the  suspension-bridge,  would  be  of  convenient  access  to 
the  boats  that  frequent  the  upper  part  of  the  harbor  of  C'incinnati,  and 
W^illow  Kun,  three-qimrters  of  a  mile  below  the  suspension-bridge,  woidd 
accomnifKiate  the  central  and  lower  parts  of  the  harbor. 

After  consultation  with  j^ersons  interested  in  the  river  commerce  of 
Cincinnati,  I  have  come  to  the  conclusion  that  it  is  unnecessary  to  pro- 
vide for  more  than  one-half  of  this  commerce,  a«  the  majority  of  the  steam- 
boats will  remain  at  their  landings  until  the  river  closes,  trusting  that 
the  detention  will  be  slight,  or  that,  if  it  should  be  long,  they  will  escape 
injury,  as  the  gre^iter  numl)er  always  do  escape.  As  far  as  the  steam- 
boat interest  is  concerned,  harbors  of  refuge  are  only  nee<led  for  steam- 
boats that  are  not  in  commission  when  the  river  closes,  and  tor  the  few 
others  that  may  be  able  to  reach  these  harbors  after  the  river  has  frozen 
up.  An  allowance  of  one-half  the  (^alcidated  area  will  therefore  proba- 
bly suffice  for  the  steamboat  interest. 
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The  chief  reason  why  the  eoal  intereftts  desire  a  harbor  of  refnofe  u 
that  they  may  obtain  sei*nre  slielter  for  their  reserve  supply,  the  «:reater 
part  of  wliieh  is  now  stored  above  and  l^elow  the  harljor  proper.  Bat 
even  with  harbors  of  refuse,  the  majority  of  coal-owners  wonld  always 
keej)  a  larf^e  numlier  of  barjres  at  their  landinp^  all  winter  in  order  to 
meet  the  onlinary  demands  of  consumers.  For  this  reason,  I  think 
that  one-half  of  tlie  estimated  harlM)r-n>om  would  suffice  for  the  coal 
interest.  It  foHows  from  the  above  that  the  projected  harbors  at  Craw- 
fish Creek  and  Willow  Kun  wouhl  probably  suffice  to  contain  all  the 
boats  that  woidd  use  them  if  constructed. 


OTHER  METHODS  OF  PBOTECTION. 

Tliis  report  would  not  l>e  comi)lete  were  it  to  omit  to  mention  other 
methwls  of  protwtion  for  l>oats  that  cannot  or  will  not  leave  their  laud- 
in«rs  and  enter  an  artificial  ice-harl>or. 

Ice-breukerH, — In  the  p<Mds  of  the  Monon^hela,  where  many  coal-boats 
and  harjres^re  harboi-ed,  protection  fi-om  ice  is  secured  by  ice-breakers. 
These  aiv  usually  spur-dikes,  pnyectinisr  at  right  angles  from  the  Ijank 
and  extending  into  the  river  far  enough  to  cover  as  wide  a  front  of 
barges  as  it  is  intended  to  shelter.  These  spur-dikes  are  not  continuous 
structures,  but  consist  of  a  line  of  discoiuiectetl  cril>s  tilled  with  stone, 
and  having  intenening  spaces  usually  as  wide  as  the  cribs  themselves. 
Tlie  objtH't  of  these  ojienings  is  to  give  passage  to  the  current  so  as  to 
jirevent  sh(»als  from  forming  under  the  lee  of  the  cribs.  Tlie  down- 
stre4»m  fa<3e.s  of  the  cril>s  ai-e  vertical,  and  the  up-stream  faees  have  a 
very-  gentle  slojK?,  so  a«  to  reduce  aa  much  as  possible  the  shock  of  ice 
and  drifr. 

Sucrli  stnictiu^s  at  the  upj^r  end  of  everv  coal-landing  would  greatly 
reiluce  the  danger  from  ice.  The  best  jjossible  i<fe-breaker  would  l>e  one 
that  cotdd  be  put  in  place  in  the  autumn  and  be  removed  in  the  spring. 
It  would  thus  give  protei*tion  when  protei'tion  is  needed,  and  would  be 
out  of  the  wav  at  times  when  its  tendencv  to  form  a  sliiial  below  it 
would  l>e  a  decided  objection.  Such  an  ice-breaker  is,  however,  yet  to 
be  devised. 

t^heer-boomH. — The  United  States  river-monitors  that  lay  so  long  at 
Mound  City  were  protected  from  ice  and  drilt  by  a  sheer-boom  of  heavy 
inm-plated  timbers  that  was  attached  to  the  shore  at  a  point  alx^ve  the 
fleet,  and  extended  down  far  enough  to  cover  the  boats  to  be  prote<*t«l 
by  it.  Tliis  system  is  free  frcmi  the  objec*tion  of  causing  dei>o8its  below 
it,  and  it  st»enis  worthy  of  serious  ccmsideration  as  a  method  of  protect- 
ing steamlwats  and  model  barges.  The  shock  of  a  field  of  ice  against 
such  a  lKH)m  woidd  l)e  at  once  transmit te<l  to  the  boats  l>ehind  it,  but 
it  would  be  distributed  over  so  great  an  area  as  to  act  rather  as  a  pash 
than  as  a  blow.  The  injury  to  steand>oats  is  usually  caused  by  the  im- 
l>act  of  the  comer  of  an  ice-field  against  a  small  part  of  the  hull  that 
yiekb^  to  the  sho<?k,  and,  by  admitting  water,  causes  the  boat  to  sink. 
The  same  blow  distributed  over  a  wide  surface  of  the  ssiuie  hull  wonld 
be  successfully  resisted. 

For  coal  boats  and  barges  the  ice-breakers  are  apparently  better  than 
sheer-booms,  as  thev  att'oitl  much  moi-e  reliable  means  of  fastening  the 
fleet. 

Harhorhoat. — A  harlwr-boat  that  coidd  l>e  relied  upon  to  break  up 
the  harbor-ice  whenever  such  a  course  was  deemed  advisable^  would, 
at  times,  be  very  usefiU.  Wliether  its  occasional  use  would  justify  its 
coustaut  ex\)e\i^vi  \s  ?i  v\yv^^\\Qivi  >[\>kaX  \^  ^^^w  \si  ^wtigdnieut.    The  strongest 
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point  ag^ainst  such  a  boat  is  the  fact  that  the  city  of  Saint  Louis  built 
one,  and  after  a  trial  of  a  few  seasons  oitlered  it  to  be  sold.    In  any 
event,  the  construction  of  ice-breakei's  and  sheer-booms  to  juotect  either 
public  or  private  landings  in  Cincinnati  does  not  seem  to  be  a  proi)er 
work  for  the  general  government  to  undertake,  and  the  piucha^se  and 
management  of  a  harbor-boat  apparently  falls  into  the  same  category. 
•  I>ike  at  Four-Mile  Bar. — It  has  been  strongly  asserted  by  several  Cin- 
cinnati coal-dealers  that  the  government  dike  at  Medixj,  18J  miles  below 
the  suspension-bridge,  has  done  them  considerable  indirect  injury,  by 
causing  ice-gorges  to  begin  at  that  point,  and  then  gradually  back  uj) 
into  the  harbor  of  Cincinnati,  which  thus  becomes  closed.    They  have 
suggested  that  if  a  similar,  but  slightly  higher,  dike  were  built  at  Four- 
Mile  Bar,  10  miles  above  the  suspension-bridge,  it  would  cause  the  river 
to  gorge  at  that  point  before  it  did  at  Medoc,  and  that  the  ett'ect  woidd 
be  to  hold  back  the  running  ice  so  that  the  Medoc  gorge  wcmld  not  re- 
ceive sufficient  re-enforcements  to  enable  it  to  extend  bjwjk  to  Cincinnati. 
The  theory  is  plausible,  and  ought  to  be  tested,  for  the  reason  that 
Four-Mile  Bar  is  greatly  in  need  of  imj^rovement^  by  dikes,  being  one  of 
the  worst  bars  on  the  river,  and  one  that  ha«  often  been  selected  for 
imi>rovement^  but  laid  aside  for  lack  of  fimds.    Dikes  at  tliis  point  are 
a  necessity  oi  commerce,  whether  they  hold  back  ice  or  not. 

CONCLUSION. 

In  closing  this  report,  it  seems  proper  to  add  that  the  chief  cause  of 
the  gi^at  expense  of  any  ice-harbor  at  Cincinnati  is  due  to  the  great 
oscillation  in  the  river-surface.  Three  of  the  low  aretis  which  have  been 
examined  average  27  feet  below  the  level  of  extreme  high  water,  which 
fact,  considered  by  itself,  woidd  seem  to  indicate  that  but  a  small  depth 
of  excavation  woidd  transform  any  one  of  them  into  a  harbor  of  refuge ; 
but  wlien  we  learn  that  extreme  high  water  at  Cincinnati  reads  (M  feet 
on  the  gauge,  and  when  we  recall  tlie  tact  that  our  preliminary  investi- 
gation showed  that  we  must  excavate  oiu*  harbors  to  a  depth  of  4  feet 
below  the  zero  of  this  gauge,  or  to  a  depth  of  08  feet  below  high-water 
mark,  we  readily  perceive  how  a  level  of  27  feet  below  high  water  is 
comi)atible  with  an  average  excavation  of  41  feet. 

For  the  maps  which  accom^^any  this  reimrt  I  am  indebted  to  Mr.  Will- 
iam Weston,  assistant  engineer,  and  to  his  assistant,  Mr.  L.  Petitdidier. 
To  the  former  I  am  also  indebted  for  the  preparation  of  the  very  complete 
statistiiis,  the  collec;tion  of  which,  from  innumerable  soiu'ces,  required  an 
unusual  amount  of  patience,  industry-,  and  perseverance. 

Kespectfidly  submitted. 

William  E.  Merrill, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U.  8,  -A. 
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ANNUAL  REPOET  OF  MAJOR  .TARED  A.  SMITH,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL   YEAR  ENDING  JUNE  3(1, 

1878, 

United  States  Engikeer  Office, 

Indianapolis,  Ind.j  July  13,  1878. 

General  :  Herewith  T  transmit  my  animal  report  of  operations  for  im- 
]>roving  Wabash  River,  Indiana,  during  tlie  fiscal  ye^r  ending  June  30, 
1878. 

Very  respectfully,  your  obedient  servant, 

Jared  a.  Smith, 
Major  of  Emjineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  En/fineerSj  U.  8.  A. 


improvement  of  WABASH  RIVER,  INDIANA. 
WARWICK'S  RIPPLE. 

On  the  1st  of  Jidy,  1877,  the  contract  with  Mr.  M.  W.  Nolan,  of  Jeffer- 
sonville,  Ind.,  for  rock  excavation  at  Warwick's  Ripi)le  wa.s  still  out- 
standing. Tliis  contract  Mas  entered  into  on  the  20th  of  May,  1875,  for 
the  ]>urpose  of  deepening  and  otherwise  im])roving  the  cliannel. 

Tlie  work  was  to  have  been  compk^ted  December  1,  1870,  but  as  con- 
siderable difficulty  had  been  encountered  fix>m  high  water,  the  contract 
had  been  extended  nntil  December  1,  1877. 

During  most  of  the  summer  of  1877  tlie  stage  of  water  was  favorable 
for  the  work,  but  although  rei)eated  assunincei^  were  received  from  the 
contractor  that  the  agreement  would  be  fulfilled,  no  excavation  wa«  made 
or  even  attempted  during  the  sesisou. 

After  the  close  of  the  season  an  ai>pli(!ation  was  received  for  a  further 
extension  of  the  contract,  which  was  refused. 

On  the  1st  of  December,  1877,  the  contractor  was  notified  that  the  con- 
tract had  expired,  and  that  no  amounts  were  due  or  could  become  due 
him  under  its  tenns. 

Meanwhile  the  remains  of  the  coffer-dam,  which  had  been  constnuTted 
to  facilitate  the  excavati(m,  formed  one  of  the  worst  obstructions  to  navi- 
gation to  be  found  in  the  river.  During  high  stagt^  of  water,  when 
steamers  of  any  size  could  readily  ascend  the  river,  the  presence  of  the 
coffer-dam  coidd  hardly  be  detected,  while  its  projecting  timbers,  directly 
in  the  channel,  gave  additioiud  danger  because  concealed. 

For  this  reason  all  the  timbers  and  material  of  the  dam  which  could  be 
found  were  i^moved  in  June,  1878,  by  the  United  States  dredges  Ohio 
and  Oswego. 

Any  boats  which  can  ascend  the  river  a«  faf  as  Warwick's  Rip])le  can 
now  pass  that  plsice  without  difficulty,  and  until  other  points  below  are 
so  far  improved  as  to  admit  a  different  class  of  Bt^».\\\^\^  "aX.  \sy^  ^'^X.vix^ 
no  further  work  at  this  place  need  be  eouteu\\)\a.\fcOL, 
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DAM  ACROSS  NEW  HARMONY  CUT-OFF. 

On  tlie  1st  of  July  a  small  portion  only  of  the  materials  had  been 
])rooured  for  eonstnieting  a  dam  across  the  break  which  occiured  the 
jjrevious  winter.  This  bn»ak  wa«  al>out  200  feet  in  width,  and  the  water 
to  an  average  d(»i)th  of  10  feet  was  rushing  through  the  break  at  a  rate 
of  0  f(^t  })er  second. 

The  island  bank  on  one  side  of  this  chute  was  of  sand  and  loam,  which 
was  constjintly  washing  away,  as  it  was  but  little  better  than  a  quick- 
sand. 

Mr.  Fr.  Stein,  assistant  engineer,  who  had  been  pre\iously  in  charge 
of  the  workhig  parties,  was  relieved  of  that  duty,  and  Mr.  Charles  B. 
Bateman  was  em])loye<l  to  succeed  him. 

Nearly  the  entire  month  of  July  was  consumed  in  procuring  the  mate- 
rials and  appliances  for  prosecution  of  the  work. 

The  small  steamer  Oil  City  was  hired  as  a  tow-boat,  and  several  flat- 
boats  and  barges  were  i)rocureil.  It  was  found  necessary'  to  go  alwnit 
fourteen  miles  up  the  river  to  Webb's  Ferry  to  i>rocure  stone  for  tilling 
cribs,  an<i  a  pai-ty  of  (luarrymen  were  at  once  set  to  work  at  that  \>ou\t 
and  continued  thnmghout  the  season. 

It  lK»ing  remote  from  any  town  or  dwelling,  the  men  were  fumishe<l 
with  accommodations  for  cooking  and  sleeping  ui>on  an  old  barge  tied 
to  the  shore. 

TimlK^rs  were  purehased  at  various  points  along  the  river,  and  were 
cut,  hauled  to  the  banks,  and  taken  in  the  flat-boats  to  the  work. 

()n  the  24th  of  July,  c^ribs  were  l)egun  for  the  i»rotection  of  the  island 
bank.  These  were  constructed  15  feet  square  in  plan,  and  as  high  as 
the  dei>th  of  water  where  they  were  to  be  j^laced,  an  average  of  17  J  feet. 

The  cribs  for  the  bank  protcnition  and  dam  were  built  of  the  most 
durable  timl>er  to  be  found  in  the  Aicinity.  Thev  were  made  with  an 
o\H}n  grillage  bottom,  and  the  logs  were  left  luihewn,  save  flattening 
where  tind)er8  joined.  The  side  and  end  courses  were  alternate,  thus 
leaving  open  sjmces  of  from  3  to  6  inches  between  courses. 

The  superstiiicture  of  the  dam  was  built  continuous.  The  timbers 
were  secured  together  by  f -inch  drift-bolts  of  round  iron,  antl  each  crib 
was  anchoiM^d  to  the  lK)ttom  by  four  2-inch  bolts  extending  through  the 
bottom  timbers  and  18  inches  into  the  rock. 

The  first  crib  was  placed  alx)ut  40  feet  alx)ve  the  line  of  the  upper  side 
of  the  dam,  and  a  continuous  line  275  feet  in  length  was  formed  of  such 
cribs,  placetl  on  the  rock  bottom  of  the  chute,  as  near  as  possible  to  the 
foot  of  the  bank  8loi)e,  and  filled  with  stone. 

The  space  behind  these  cribs  was  filled  with  stone  and  shale  until  a 
slope  of  1  on  3  was  formed  from  the  inner  line  of  the  cribs  to  the  top  of 
the  island. 

Below  the  lower  end  of  tliis  line  of  cribs  a  riprap  of  stone  was  thrown 

against  the  bank,  as  high  as  the  top  of  the  cribs,  a  ftirther  distance  of 

ip  100  feet,  and  the  bank  slope  above  was  cut  in  the  same  plane  as  that 

behind  the  cribs. 

The  top  of  cribs  and  bank  of  slope  below  the  dam,  a  distance  of  300 
feet  in  length  and  iiO  feet  wide,  was  carefully  paved  with  flat  stone  set  on 
edge  and  about  1  foot  deep. 

The  break  was  then  closed  with  a  work  of  cribs,  20  feet  in  width, 
filled  with  stone. 

The  cribs  were  launched  successively  from  the  bank  already  described, 
placed  in  absolute  contact  with  each  other,  and  in  a  perfect  line.  So 
well  wa^  tlu!&  aA!A!)Oixi^^i^<^^\\vv)X>  w^l  ^&s^.  \^<^ULeut  occurred  and  not  a  tiiu- 
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ber  was  lost.  Tliis  was  made  remarkable  fiom  the  fact  that  in  the  first 
construction  of  this  work,  by  contract,  with  water  considerably  less 
rapid  and  less  deep,  the  river  wa*s  stre^^^l  with  cribs  and  fi*agments  for 
a  distance  of  more  than  25  miles,  the  losses  being  so  great  that  the  con- 
tractors refused  to  continue  the  work. 

In  order  to  prevent  any  possibility  of  a  recurrence  of  a  break  through 
the  island  at  the  end  of  the  dam,  the  work  was  canied  into  the  bank  a 
distance  of  GO  feet  in  the  rear  of  the  protecting  cribs,  and  was  built  a 
few  inches  higher  than  the  top  of  the  island  for  a  length  of  110  feet. 

A  few  of  the  cribs  in  the  break  were  30  feet  high.  From  this  point 
the  top  of  the  dam  was  canied  in  a  slope  to  the  top  of  the  old  work  at 
the  junction  with  the  new. 

The  top  of  the  old  and  new  dam  and  a  portion  of  the  island  about  the 
end,  making  3,000  square  yards,  were  then  paved  in  the  same  manner  as 
the  slope  of  bank. 

All  embankment  of  stone,  shale,  and  earth,  12  feet  wide  on  top,  was 
placed  against  the  upper  side  of  the  new  work,  and  the  embankment, 
which  had.  been  much  washed  and  injiu-ed,  was  re-enlbrced  to  the  same 
dimensions. 

During  October,  November  and  December  the  water  ran  over  the 
old  work  from  1  to  5  feet  in  depth  almost  continuously,  and  it  was  there- 
fore found  impracticable  to  strengthen  the  old  work  with  a  new  line  of 
cribs,  as  was  contemplated,  though  some  of  the  materials  were  procured. 

The  two  auxiliary  cribs  for  hohliug  capstans,  &c.,  had  been  constructed 
20  feet  square  and  18  feet  €leep,  and  filled  with  stone  in  the  channel 
above  the  dam. 

The  work  as  described  was  comi)leted  December  26.  The  materials 
used  in  the  construction  were  1,954  logs,  making  35^002  linear  feet  of 
round  timber,  5,184  cubic  yarils  of  stone,  10^000  cubic  yards  of  stone, 
shale,  and  earth,  5,470  finch  drift-bolts,  making  11,200  pounds  of  iron. 

This  work  was  done  by  hired  labor  and  open  pui^chases,  and  is  incom* 
parably  better  than  the  other  portion,  which  was  done  by  contract, 
while  fts  cost  has  not  exceeded  four-fifths  of  what  it  would  have  cost  at 
the  prices  under  which  the  contractors  failed. 

As  several  sloughs  occur  on  the  island,  of  such  a  nature  as  to  render 
possible  a  cutting  of  new  channels  around  and  near  the  dam,  these 
sloughs  have  been  obstructed  with  dams  of  brush,  stakes,  and  stones, 
a  length  of  about  300  feet  and  about  20  feet  in  width  by  an  average  of 
3  feet  in  height. 

The  small  piece  of  ground  owned  l)y  the  United  States,  at  the  end  of 
the  old  dam,  having  been  washed  away,  the  island  embankment  and  end 
of  dam  is  now  upon  private  property,  and  it  is  possible  the  question  of 
damages  arising  from  the  break  and  subsequent  wash  may  arise,  as  well 
as  the  necessity  for  purchase  by  the  government  of  another  small  area 
sufficient  for  controlling  the  approaches  to  the  work. 

Regarding  the  work  of  187(i,  I  take  the  following  from  the  report  of 
Mr.  Charles  13.  Bateman,  assistant  engmeer,  made  to  me  January  2, 1878: 

KXTUACT  FROM   MR.    BATE^LVX'S  REPORT. 

*  *  *  Wluii  in  tlic  early  part  of  Dcceinbor  the  river  luul  receiled  to  below  the 
top  of  the  old  work  aiul  all  the  work  beinpj  almost  eompletely  ti<j;ht,  the  water  fell  from 
V)elow  the  dam  to  a  level  lower  than  at  any  i>revious  time  during  the  season,  and  the 
old  part  of  the  dam  was  laid  hare  to  insjieetion. 

The  chimsy  constnietion,  large  size  of  and  nnmerons  ga}>8  between  the  timbers, 
great  spaees  between  the  cribs,  and  the  smaU  amount  and  careless  packing  of  the  stone 
contained  in  the  cribs,  gave  rise  to  grave  apprehensions  as  t<i  the  ability  of  that  part  of 
the  work  to  withstand  its  share  of  the  pressure  through  the  winter's  floods,  or  luitU  tUa 
work  of  re-enforcing  them  can  be  resumed. 
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Plans  were  immediately  made  and  approved  for  repairing  tt 
and  strengthening  the  other  parts  as  propo§;ed  in  the  aatimin, 
winter  weather  and  stage  of  water  being  unfavorable  for  worl 
not  begim  until  April  and  no  cribs  coiUd  be  plaeed  in  the  break  \ 
end  of  May. 

During  the  month  of  June  96  feet  of  the  break  were  closed  witl 
of  cribs  20  feet  i^ide  and  9J  feet  deep  filled  with  stone,  leaving  i 
feet  to  be  closed. 

In  order  to  hold  the  cribs  in  position  until  they  could  be  fillec 
iliary  or  anchor  cribs,  18  by  20  feet  and  10  feet  deep,  were  place 
150  feet  above  the  break  and  filled  with  stone. 

The  difficulty  of  closing  this  gap  may  be  estimated  when  it  is 
ered  that  the  water  has  been  at  no  time  less  than  9  feet  deei>, 
rapid  that,  in  rushing  through  the  break,  its  surface  falls  2 J  feet 
width  of  the  dam. 

This  work  will  now  be  pushed  rapidly,  and  it  is  confidently  e 
that  the  present  summer  will  find  it  all  completed  in  a  thorougl 
stantial  manner. 

WORK  OF  DREDGES. 
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For  the  purix)se  of  remo\ing  certain  obstructions  in  the  river, 
ity  was  obtained  to  procure  the  loan  of  the  United  States  dredg 
and  Oswego,  together  with  their  scows  and  flat-boats,  pertainin 
improvements  of  the  Ohio  River. 

The  steamer  Is.  Keefer  was  liired  at  a  rate  of  $41  per  day  to 
dredges  and  scows ;  this  price  includes  fiimishiug  crew  and  sup] 
steamer  and  coal  for  use  on  both  the  dredges. 

A  considerable  amount  of  rei)airs  were  require<l  for  the  dred 
scows  before  they  could  start  for  the  work,  and  fiulher  repai 
completed  while  on  the  route. 

The  fleet,  consisting  of  steamer,  2  dredges,  2  barges  of  coal,  1  h 
tools  and  implements,  and  2  diunp-scows,  left  Cincinnati  Apri 
arrived  at  Kingdom  Bar,  near  Gray\ille,  III.,  the  evening  of  Apr 
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at  most  of  tLe  Kiri  were  formed  by  snag.<,  and  that  liie  lacier 

I'orst  obsta4  !<->  in  tlif  ciianiieL 

number  of  sna^rs  wer^  therefore  remove*!,  and  the  eifect  u^kxi 

$  in  many  cas*^  aiiea-iy  apparent. 

do^es  al.«5o  reni<  »vtd  all  that  coold  be  foond  of  the  coder-dam 

the  ^ilin^r  Ci»nrra<-tor  at  Warwick's  Kipple. 

proportion  of  the  time  the  river  was  so  high  that  the  dreil^^^ 

work  at  alL 

IGth  of  June  the  dieiljzes  left  for  Cincinnati,  to  retam  to  ilieir 

ties  on  the  Ohio  kiver. 

J.  Carpenter.  a>>i<ant  en^neer,  was  in  char^  of  the  w,>rk. 

aanagement  has  s^hown  him  to  be  thoronghly  ci.inver>*mt  with 

,  and  has  met  my  cr»nlial  approvaL 

t  the  rejx  »ri  of  work  aoeomiilLshed,  as  fc>llows : 

RE3»C»ET  or   IfB.  E.  J.  CABPKXTEE,  AS?1.-=TAXT  EXGIXtEIL 

Umiku  Stated  Vkkjjge.  0>wiu»,  Ci»cim»<i:i.  tvi  :>.  j^t  i^  i^r^, 

'.  have  the  h«»n<»r  »♦»  «^*  niis  ihf  fo;lom"ijig  Ft- jKtrt  ol  oj^rra::  •H'^  vf  :zt  dr-ljr=* 
a«h  Kiver  dTiriiii:  xh*-  T'i>-^rjT  *^aj^>n. 

:  coiitemr»"i''*-»i  "^a^  *^  ren>  .val  of  sna^*  from  ih*  <hfinr^-^:  '^•^i— -^-^  OrsT- 
ncl  the  ijhio  Rivrr.  i^in-'T^  of  the  iroti*'T-^hkia  2kn*\  cnl^w..rk  *:  W Ars^^x  k'< 
I  dred^ring  at  th*-  i*  V."^::i'^  ^tln^fm:  Kiii::«lr»m  Bar.  Fivl  L  Crxrrk.  V^\ir!>rr> 
f  Rehiere'a.  L-li»i.«L  L'^***!  of  Turkey  L»Iaii«l,  H<>l^r»  Bar,  \V;iAI^r*  T-.-t^'z^-^L, 
Xe^w  HarTL«'Dy  i.  ut-^!:. 

»  pr»»TNJts*-*i  to  f^ziiZ*.'-'^  tli^  <^«T»*^iiinij  of  the  Little  Cliaii:  C"T->r"  in  ^-^se  a 
le  Little  Ch'sin  i>h"i]^  •^hov  trji*  to  )ft'  fwivi^;i>>Ie. 

kinjj  giK-h  r>-T':iir*  a*  w«^re  neie>,<iry  the  dre<ii:«-«  left  C^rr  inrksrl  i"-'.  rr^ 
vin^d«»m  B'ir  «n  i}.*-  Vi  i  .a-b.  On  the  May  M-vera3  *lai}  z-v '--i-  <-:._:-  ~  tr>e 
»in  the  chni^n--'  at  ir:e  Little  Cf'iiri  an«l  jn^^t  l»»-low  the  Oral!'";  CL^-Z.. 
he  Kin:i«i«»in  B-aT  to  r,-e  eo::.}***-*-*!  of  an  extreui'ly  liirht  sriii'L  •*'  iriT.r  ""ukr  r: 
y  l>e  h^-i*!  in  iL*-  ^•-'•'^i'",  i'-.l  a-*  t/ie  river  wa.s  t<M»  hi^h  f^r  siiiy  «•::  '-r  "s-  rk 
"were  kt-!»i  eiiij/lM;. r»i  at  il:i-^  uuiil  the  water  l>r<aijjr  i«k»  drr^'  ior  Lbr  0.1  _» 
boatjv  I 

nati^»n  r»f  tl^e  o-h-^r  '/fir*  ifs^here  dn-'l^r'n:;  wa<  T»ro;>f>w<l  >Lowr^.l  That  ^^~  -5^  t^ 
f  sainL  and  a*  V»  it  ii'^tif-  :rr,*Ki  wouid  have  n^ni:*^!  fnnn  <ii>-<ij-:r.^xrlK^r>r  i_.e 
>  li;iht  ard  <^iA-:  v  m.iv»-.!  ibi-*  ]»art  of  tlie  wr»rk  wa-i  aV«aii«i<^»L:f-'L 
nel  ini.xht  )>e  ir:,vr'>v*-«l  hy  a  day  or  two  of  dr«'<l;^ij<j  at  ♦-,'1''  li  r.f  z'Lt^  '^yr^ 
e,  alter  the  •Tfrjj.r  fr— Ij-r:.-  had  ail  pa--*-*!  and  tlie  river  b.'id  }»^z'izi  '"  '^  rk 
tvater  cLarj:?'-:.  oui  T/.^r'-  -•*  -a.-  no  time  while  the  dreil^e*  wf-r^  in  iLr  "VV,,  ^^^j;: 
ntr  out  tile  i.»ar»  wir.M  h^i'.e  doi;e  any  jr'»''<h  lii  favi  doiL  T.ir  :_>-t^  :]l.*zl  a 
iiiTirtiveiri^-rjl  of  th*-  •  :.;ir:.'.«  I  '.'liiid  !>♦•  <-ri^-<'Te^l  at  aiiV  tiijir  !»\  ilir-- L^ ii^;. 
i^ili"^  i.>  a  ^Tateiueril  of  work  a<::ori;i*!;-ij«-d  by  tlje  Rr'-djr-?: 

ir. '^Tid  *^xcavjj'::'«n ...•--.-««-.•••••«•••--••---• -.-•  '2.*^'^^.**  c"^    :  "^zrl-N. 
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One  Riia;;  frnm  Juno  Bar,  1  from  New  Harmony,  and  moht  of  those  from  h« 
Rt'l»ier»''«  Iinland  wore  placed  in  the  New  Harmony  Cut-off. 
At  Warwick'^  Ripple  all  of  the  coffcr-diim  and  cribs  that  conld  be  found  w» 

moved. 

After  com]d('ting  the  removal  of  sna^j^a  and  the  Warwick's  Tlipple  obstnictior 
dredyjes  returned  to  Cincinnati. 

While  in  the  Wabash  the  dredges  lost  4  weeks'  working  time  from  hi«;h  wate 
fact,  while  they  were  in  the  river  there  was  only  about  one  week  when  the  watc 
at  a  ^(mmI  wcukinj;  stage. 

There  was  some  time  lost  through  accidents  to  the  machinery,  but  not  cnoi 
materially  atl'ect  either  the  amount  or  cost  of  the  work. 
Vrry  rc-Hpect fully,  your  obedient  servant, 

E,  J.  CxuvKSTYM,  .UtfMta'ii  Engi 

Maj.  JAin:'>  A.  Smith, 

(.'(jipn  of  KiifjUKrr.<<,   U.  S.  A. 

GRAND    CHAIN. 

The  only  channel  at  tliin  place  which  is  navi^rable  during  low  s 
of  water  is  the  one  confined  between  dikes  and  fonning  a  straigl 
about  2,000  feet  in  length  and  100  feet  broad. 

The  water  nishes  tlirough  this  cut  with  great  velocity.  It8  he 
situated  just  below  a  l>end  in  the  river,  which  throws  much  of  the  ^ 
past  it  and  between  the  east  dike  and  shore. 

This  water  is  checked  by  ledges  of  rock  near  the  foot  of  the  cut 
is  thrown  across  the  dike  into  the  chute,  thus  injuring  the  work 
proilucing  side  currents  which  add  greatly  to  the  already  difficult 
gation. 

It  is  also  found  that  the  Ijottoni  of  the  cut  is  not  parallel  to  the  i 
surface,  so  that  when  4  feet  of  water  may  be  obtained  at  the  foot  c 
chute  but  little  more  than  half  tliat  amount  will  be  found  at  its  he 

A  party  was  set  to  work  early  in  October,  1877,  to  remedy  the«i 
fects  and  to  i)ut  the  <likes  in  such  condition  that  their  surfaces  will 
be  readily  broken.  Before  any  considerable  amount  of  work  coul 
accomplished  autumn  rains  raised  the  river  to  such  an  extent  { 
compel  its  posti>onement  until  spring. 

Ntd  less  than  1,000  cubic  yards  of  stone  was  quarried  from  the 
adjacent  and  placed  in  the  breaks  of  the  dikes,  thus  repairing  then 

The  surface  of  the  new  work  was  secured  by  a  very  carefully 
paving,  covering  a  surface  of  1,200  square  yards. 

Twenty  oak  i>osts  were  set  at  intervals  of  200  feet  along  the  east 
to  ai<l  steamers  in  ^'  warping^  through,  as  in  many  cases  tlieir  own  p 
would  be  insuiUcient.  Ileavy  blows  from  drifting  snags  were  too  | 
for  the  endurance  of  the  posts,  and  they  were  all  carried  away  diuiDj 
winter.  It  is  now  proposed  to  obtain  the  same  end  by  using  hears' 
rings  sccuhmI  to  the  <likc  in  such  manner  as  to  offer  no  obstacle  t< 
passing  drilt. 

During  tht»  present  season  tlie  upper  end  of  the  east  dike  will  be 
iicct(»(l  with  the  shore  by  a  W()i«k  of  cribs  and  stone. 

The  top  of  the  entire  <like  will  be  i>aved,  and  the  channel  cut  in 
a  nianiu*r  as  to  give  a  uniform  (lei)th.  A  special  suney  for  this  pm 
lias  already  been  made. 

A  party,  as  large  as  could  (!onvenii'ntly  work,  was  again  start( 
th(»  work  on  tin*  ,*hl  of  June,  and  is  making  good  progress.  The  \ 
will  be  increased  and  the  work  pushed  more  rapidly  as  the  water 
sides. 

LITTLE  CHAIN. 

A  careful  ol)servation  and  study  of  this  place  has  l>een  made  di 
the  year  in  order  to  asceilain,  if  i)ossible,  the  best  and  cheajiest  me 
of  making  a  good  channel  past  the  reef  at  thLs  place. 
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Tlie  work  mentioned  iu  the  last  annual  report  was  done  in  pursuance 
of  plans  adopted  by  the  officer  who  had  prcAiously  had  charge  of  the 
Lmprovements  of  this  river.  This  plan  was  to  divert  sufficient  water  uito 
jLiid  through  the  small  channel  which  leaves  the  main  river  about  J  of  a 
mile  above  the  reef  and  rejoins  it  at  a  distance  of  about  2  miles  below. 
XThis  is  called  the  cut-off,  as  the  distance  is  a  trifle  shorter  than  by  the 
ixiain  channel. 

In  the  siunmer  of  1877  a  complete  suney  was  made  of  this  cut-off, 
L:iicluding  examinations  of  th^  bottom  and  driving  of  sounding-rods  to  a 
LTepth  of  not  less  than  8  feet  below  the  plane  of  low- water. 

The  bottom  was  found  to  be  favorable  for  the  cutting  of  a  new  chan- 
nel by  the  action  of  the  Current. 

The  cut-off  is  about  2  miles  in  length  and  an  average  width  of  about 
1-  oi)  iVet  between  banks  which  are  heavily  wooded  with  inmiense  forest 
triees. 

Althouivh  the  cut-off  was  cleared  of  snags  2  or  3  years  since,  it  is  now 
srgain  so  lull  of  them  as  to  make  its  nfivigation  more  than  hazardous. 

In  order  to  make  the  chamiel  satisfactory,  a  large  amount  must  be  cut 
ixway  from  its  head  to  make  a  suitable  entrance  for  passing  boats. 

The  head  of  the  island  would  require  a  substantial  protection  to  pre- 
^^ent  the  extreme  cutting  of  its  banks. 

The  constant  ca\ing  m  of  the  timbered  banks  would  require  continued 
c^are  and  expenditure  for  several  years  to  keep  the  chaimel  oi)en.  It  can 
lie  readily  seen  that  the  nature  of  this  work  would  be  such  that  even  an 
^approximate  estimate  of  its  cost  cannot  be  made. 

In  case  of  the  failure  of  an  annual  appropriation  for  the  work,  a  prob- 
able result  woidd  be  serious  injury  to  the  main  channel  by  its  loss  of 
xvater,  while  the  cut-off  would  be  choked  with  snags  and  rendered  use- 
less. For  these  reasons  any  fiirther  work  in  the  cut-oft'  was  postponed 
xintil  a  careful  smwey  of  the  reef  in  the  main  river  could  be  comi)leted. 
This  survey  was  completed  in  June,  1878,  and  the  field-work  has  been 
Jplatted. 

There  has  not  yet  been  sufficient  time  to  make  a  detailed  estimate  of 
trhe  cost  of  the  necessary  rock  excavations  for  making  a  good  channel, 
Tjut  whatever  is  done  will  remain,  and  will  be  to  that  extent  a  permanent 
V)enefit,  and  it  is  not  probable  that  its  cost  will  be  as  great  as  the  ulti- 
niiate  expense  of  attempting  to  turn  the  chamiel  in  another  course. 

It  is  therefore  now  i)rox)osed  to  make  such  excavations  as  are  neces- 
a^ary  in  the  reef,  and  to  close  the  cut-off*  chute  by  means  of  a  dam  of  piles, 
Ijrush,  and  stone. 

SURVEYS. 

In  July,  1877,  a  sunxy  was  made  of  the  United  States  lamls  on  both 
Irhe  west  and  east  banks  of  the  river  at  the  Grand  Eapids,  near  Mount 
Channel,  111.  Stones  were  set  to  iudicate  the  boundaries  of  the  grounds. 
I^ach  stone  was  about  4  feet  long  and  1  foot  square,  with  the  letters  U. 
8.  cut  on  the  toj). 

The  topographical  survey  was  also  made  of  the  site  of  the  old  lock, 
^vliere  it  has  been  proposed  to  locate  a  new  one,  and  a  hydrographic 
Survey  of  the  rapids  and  a  small  portion  of  the  adjacent  channel.  The 
Survey  was  made  by  Mr.  Fr.  Stein,  assisted  by  O.  Petitdidier.  At  that 
time  there  were  no  maps  of  any  portion  of  the  river  which  coidd  be  re- 
lied upon  in  making  any  plans  for  future  improvements,  or  for  estimates 
ot  cost.  The  scope  of  the  work  was  therefore  far  more  restricted  than  it 
H^ould  otherwise  have  been. 

To  remedy  this  it  was  deemed  best  to  make  a  §^'^\^cvwj\.\ac,  "^cxA  vL«^\^wx\r 
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Lines  of  soundings  were  taken  across  the  river  at  intervals  of  i 
100  feet,  phunng  them  nearer  in  the  shallow  water  or  at  i)oint«  ^ 
improvements  would  be  likely  to  be  requu^ed.  A  line  of  levels  wai 
nm  the  entire  length  to  ascertain  the  decliNity  of  the  water  surface, 
character  of  the  bottom  was  also  noted.  In  the  Little  Chain  Cut 
steel  rod  was  driven  down,  to  a  depth  of  8  feet  below  low- water  in  ni 
oils  phices,  to  ascertain  whether  the  underlying  rock  would  inteiferc 
cutting  a  new  channel  by  action  of  the  cmrent. 

These  surv  eys  have  be^^n  reduced  and  platted  in  the  office,  the  c 
on  a  scale  of  100  feet  to  1  inch,  and  the  remainder  on  a  scale  of  20< 
to  1  inch. 

The  soundings  iiave  all  been  reduced  to  extreme  low- water  refe 
by  the  following  method : 

As  the  party  passed  the  water-gauge  at  the  Saint  Louis  and  Soutl 
ern  Kailroad  Bridge,  en  route  to  begin  the  sui^'^ey,  it«  reading  was  ii 
and  a  man  was  detax^hed  from  the  party  to  allow  him  to  float  down  1 
camp,  a  distance  of  about  G  miles,  in  a  skiff.  On  his  arrival  a  temp 
water-gauge  was  at  once  established,  on  the  same  reading  as  the  s 
ard.  On  changing  cami)  a  new  gauge  was  established  in  a  si 
manner. 

These  temporary  gauges  were  read  tliree  times  each  day,  and  con 
sons  were  made  with  the  daily  record  of  tlie  neare^st  standard  g 

The  hydrographic  work  being  taken  at  a  low  stage  of  water,  the  ( 
ences  in  the  readings  for  slight  fluctuations  in  the  water-level  were 
slight,  and  the  reductions  were,  therefoixj^  reduced  by  the  readin 
the  local  gauge.  This  is  believed  to  obtam  as  close  an  appix>xin] 
as  can  be  secured  by  any  simple  method. 

As  the  propriety  of  improving  the  naAigation  at  Little  Chain  by 
ing  the  channel  became  doubtful,  a  survey  of  the  reef  and  main  ch 
was  undertaken  early  in  April,  1878 ;  but  before  any  substantial  pro 
had  been  made  the  water  became  so  high  as  to  render  any  progrej 
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sduced  and  platted  by  Mr.  Charles  B.  Bateman,  assistant  engineer  in 
barge  of  the  work  at  that  place. 

WATER-GAUGES. 

The  daily  reading  of  water-gauges  on  the  piers  of  bridges  at  Vin- 
ciines,  Mount  Oannel,  and  Grand  Chain  has  been  continued. 

For  convenience  of  reference  most  of  the  work  has  been  platted  in 
^ydrogi^aphs. 

These  gauges  have  been  divided  to  read  in  feet  and  tenths,  the  zem 
a^ang  been  placed  in  a  i)osition  to  indicate  as  nearly  as  possible  the 
west  water  known. 

This,  at  Grand  Chaiii,  is  more  than  a  foot  lower  than  any  readings 
tiich  have  been  made  since  the  gauges  were  established;  and  the  charts, 
^ing  reduced  to  this  standard,  will  therefore  show  a  maximum  of  unfa- 
>rable  conditions. 

LOCK  AND  DAM  AT  GRAND  RAPIDS. 

A  careful  observation  of  the  navigation  of  the  river  during  thd  year 
a^s  failed  to  indicate  a  necessity  for  this  work  which  woiUd  be  at  all 
ommensm^ate  vnth  its  cost. 

The  na\igation  of  the  river  during  the  last  year  has  been  quite  exten- 
ive,  and  there  are  evidences  of  a  substantial  growth  in  the  carrying  of 
reights  by  water ;  but  there  is  little  or  no  demand  for  any  through 
reights  by  this  water-route.  Frequent  inquiries  have  been  made  of 
>oth  shippers  and  carriers  without  once  finding  an  opinion  that  the  lock 
8  at  present  a  necessity,  and  no  communication  of  any  kind  favoring 
his  work  has  reached  tliis  office. 

It  is  therefore  deemed  most  expedient  to  use  the  money  appropriated 
>r  impro\ing  the  river,  by  giving  attention  to  those  places  where  a 
resent  demand  exists,  leaving  the  commencement  of  so  expensive  a 
^ork  as  a  lock  and  dam  until  the  traffic  seems  to  require  it,  or  until  a 
pecific  ajipropriation  shall  be  made  for  that  purpose. 

IMPROVEIMENTS  CONTEMPLATED. 

It  is  proposed  to  complete  the  works  already  mentioned  in  the  I^ew 
larmony  Cut-off,  the  Grand  Chahi,  and  the  Little  Chain. 

There  are  several  places  in  the  river  where  the  channel  is  divided, 
bus  reducing  the  flow  and  forming  bars.  The  water  will  as  far  as  pos- 
ible  be  con&ied  to  a  single  channel  by  closing  the  smaller  ones. 

The  bars  with  which  the  river  abounds  at  low  water  are  the  result  of 
rarious  causes,  the  principal  ones  being  too  great  a  width  in  which  the 
vater  can  flow,  and  the  presence  of  snags.  Small  jetties  or  wing-dams  of 
)ile8,  brush,  and  stone  can  be  so  used  as  to  reduce  the  width  and  concen- 
rate  the  flow.  The  removal  of  the  snags  will  accomplish  the  double 
)bject  of  freeing  the  channel  from  dangerous  obstacles,  and  of  increas- 
Bg  the  draught  of  water. 

In  some  places  the  river-banks  are  constantly  being  cut  away  upon 
)ne  or  the  other  side.  Large  trees  and  amounts  of  earthy  matter  are 
hus  thrown  into  the  water,  supplying  both  the  cause  and  the  material 
br  new  bars. 

Near  Grayville,  HI.,  this  cutting  has  reached  such  an  extent  that  un- 
ess  soon  checked  the  town  and  its  railroad,  which  has  taken  large 
amounts  of  freight  from  the  river,  will  be  left  a  long  distance  inland. 

In  places  like  this  the  banks  wiU  be  protected  with  a  work  of  piles, 
>rush,  and  stone. 


840 


REPORT  OF  THE  CHIEF  OF  ENGINEERS. 


It  is  i)roiK)sed  to  extend  the  removal  of  snags  to  the  portion  of  the 
river  between  Vincennes  and  Terre  Haute,  as  well  as  the  part  below. 

Ko  definite  project  and  estimate  has  thus  far  been  submitted  for  the 
complete  improvement  of  the  Wabash  River,  nor  does  it  seem  practica- 
ble at  present  to  submit  such  a  project,  for  the  reason  that  reliable  sur- 
veys of  the  river,  as  yet,  extend  over  too  limited  an  extent. 


CO^niERCE. 

The  large  crops  of  the  i^ast  year  have  caused  a  considerable  commerce 
to  spring  up  on  the  river,  the  largt^r  amount  of  freight  being  taken  to 
and  from  railroads  by  small  steamers  and  tow-boats  with  barges. 

From  the  most  reliable  sources  it  has  been  estimated  that  the  freights 
moved  in  this  manner  below  Mount  Carmel,  in  the  past  nine  months,  are 
about  as  follows,  viz : 

2, 000,  000  Im-slielH  of  corn. 

I.'jO,  (MH)  bushels  of  wheat. 
40, 000  bam-lrt  of  flour  and  meal. 
4, 000, 000  jwimtls  of  pork. 

Bosiiles  a  larjjo  inisceUaneous  frei^cht,  coHHistinjj  of  ai)|)k's,  pr>tat<K's,  seo<ls,  hcMjp- 
poles,  staves,  lumber,  groceries,  machmery,  ami  miscellaueoiw  suiiplies. 

In  addition  to  the  foregoing,  constant  trips  have  been  made  by  several 
Bmall  steamers  running  in  connection  with  railroads  above  Vincennes. 

The  following  tabulated  statement,  which  is  approximately-  complete, 
for  the  winter  and  spring  of  1878,  will  indicate  the  amount  of  commerce: 


NaiiU'sof  t«jwl)oatsor  stvairurH. 


Ram  Rol>ortfl 

Grand  Lake 

John  W.  Garrett. 

Etna 

J.S.>>al 

NaHhville, 

Hotspur  .* 

Robin 

Hope 

Trout 


Ada 

"Wash  Obnichnin,  daily 
H-  M-  Sweetzer 


Belgrade 

iRusHehTlle  ... 

Antelope 

Prahie  City.. 
Billy  Parsons 
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2,700 

3,  iVX) 

1,  8<K) 

1,000 

1,600 

600 

1,000 

350 

200 
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75 


127 


150 
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From  Ohio  River. 

Do. 

IKk 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 
Reffiilar   tiips  between   Slia^Tieetown   and 

Grayville. 
Il**jjnl'ar  tripw  to  Saint  Lonia  and  S-  E.  R.  R 
Xew  Harmony  to  V.  and  C.  R,  R. 
Refftilar  tripa'ou  WTiite  River  to  E.  and  T.  H- 

R.R. 
Vincennea  and  Terre  Haute. 
Regular  trips  Ruaselville  to  Vincenii;.'*. 
Above  Vincennes. 

Do. 

Do. 


Money  statement, 

July  1, 1877,  anionnt  available - §85, 679  61 

Amoimt  api)ropriatcd  by  act  approved  June  18, 1878 50, 000  00 

Jnly  1, 1878,  amonnt  expended  during  fiscal  year 37, 701  90 

July  1, 1878,  outstaudiug  liabilities 6,372  78 


X 


ei35, 679  61 


44,074  68 


July  1, 1878,  amount  available 91,604  93 


Amount  that  caiL\><i  '^xo^lvxXA^  ^T;:^fi,w^^^\w^"w:'!!\^^"ax  vt\vsix\\.^3\ix\e  30.^  1880 .       50, 000  00 
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Subject. 


A. 

Accotink  Creek,  Ya.,  iinpTovement  of 

Ahnepee  Harbor,  Wis.,  improyement  of..... 

Alabama  River,  improvement  of 

Alexandria,  Mo.,  examination  of  Mississippi  River  at., 
Allegheny  River,  STirvey  of,  to  mouth  of  French  Creek 
Alluvial  basin  of  the  Mississippi,  report  on  specimens 

of  borings  near  Lake  Borgne . 

Alpena  Harbor  (Thunder  Bay),  Mich.,  improvement  of 

Alsea  River  and  Bay,  Oreg.,  examination  of 

Annapolis  Harbor,  Md.,  survey  of  bars  at  entrance  to.. 

Apalachicola  Bay,  Fla.,  examination  of 

Apalachicola  River,  Fla.,  improvement  of 

Appomattox  River,  Ya.,  improvement  of 

Aquia  Creek,  Ya.,  improvement  of 

Aransas  Pass  and  Bay,  Tex.,  examination  of 

Arkansas,  Missouri,  and  Mississippi  Rivers,  operations 

of  snag-boats  on 

Arkansas  River  at  Fort  Smith,  Ark.,  improvement  of. . 
Arkansas  River,  examination  of,  aoove  Fort  Smith, 

Ark 

Ashtabula  Harbor,  Ohio,  improvement  of 

Atchison,  Kans.,  inmrovement  of  Missouri  River  at.... 
Au  Sable  Harbor,  Mich.,  improvement  of 


Baltimore  Harbor,  Md.,  improvement  of  entrance  to  ... 

Bath,  Me.,  improvement  at  the  Gut  opposite 

Battalion  of  Engineers 

Bay  of  Superior,  improvement  of  natural  entrance  to . . 

Bayou  Bartholomew,  Ark.,  examination  of 

Bayou  La  Fourche,  La. ,  improvement  of 

Bayou  Pierre,  La.,  examination  of 

Bavou  Wincey,  La.,  examination  of 

Belfast  Harbor,  Me.,  improvement  of 

Big  Sandy  Ri ver^  Ky . ,  improvement  of 

Big  Sunflower  River,  Miss.,  examination  of 

Black  Lake  Harbor,  Mich.,  improvement  of 

Black  River  Harbor,  Ohio,  improvement  of 

Black  Warrior  River^  Ala.,  improvement  of 

Blackwater  River,  Ya.,  improvement  of 

Block  Island,  R.  i.,  construction  of  harbor  at 

Bloody  Island,  examination  of  Mississippi  River  at.... 

Board  of  Engineers  for  fortifications 

Boston  Harbor,  Mass.,  improvement  of 

Brazos  River  and  Bar,  Tex.,  examination  of 

Breakwater  at  Cleveland,  Ohio,  construction  of 

Broadkiln  River.  DeL ,  im])rovement  of 

Bridge  across  tne  Mississippi  River  at  Rook  Island, 

sheer-bopms  for  piers  of 

Bridge  over  the  Mississippi  River  at  Fort  SneUing, 

Minn 

Bridge  over  the  Ohio  River  at  Beaver,  Pa 

Brid^nff  the  Mississippi  River  between  Saint  Paul  and 

Samt  Louis,  report  on 
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Bridge  over  the  Mibsonri  River  at  Glasgow,  Mo Ill 

Bridging  the  Ohio  River - 

Bridging  navigable  waters  of  the  United  States 

Bridgeport  Harbor,  Conn.,  improvement  of 

Brownsville,  Neb.,  examination  of  Missouri  River  at. .. 

Buffalo  Harbor,  N.  Y.,  improvement  of 

Bulkheail  Rock,  Providence  River^  R.  I.,  removal  of... 

Burlington,  Iowa,  improvement  oi  harbor  at 

Burlington,  Harbor,  Vt.,  improvement  of 


C. 

Cahokia  Chute,  Mississippi  River,  opposite  Saint 
Louis,  closing  of 

Calumet  Harbor,  Ills. ,  improvement  of 

Caloosahatchie  River,  Fla.,  examination  of 

Campaigns  and  battle-fieldjs,  maps  of 

Canal,  Louisville  and  Portland,  superintendence  and 
management  of 

Canal  at  Des  Moines  Rapids,  Mississippi  River 

Canal,  Saint  Mary's  River,  Fia.,  and  Qulf  of  Mexico, 
survey  for 

Canal  at  the  Cascades,  Columbia  River,  Oreg.,  con- 
stnictionof 

Canal  to  connect  Delaware  and  Chesapeake  Bays,  sur- 
vey for  

Canarsie  Bav,  N.  Y.,  examination  of 

Caney's  Fork,  Tenn. ,  examination  of 

Cape  Fear  River,  N.  C,  improvement  of  entrance 

Cape  Foul  weather,  Oreg.,  examination  of,  for  harbor 
of  refuge 

Cedar  City,  Mo.,  examination  of  Missouri  River  at 

Cedar  Keys  Harbor,  Fla.,  improvement  of 

Channel  between  Staten  Island  and  New  Jersey,  im- 
provement of 

Charles  River,  Mass.,  survey  of 

Charleston  Harbor,  S.  C,  improvement  of .  .*. 

Charlevoix  Harbor,  ^iich.,  improvement  of 

Charlotte  Harbor^  N.  Y.,  improvement  of 

Chattahoochee  River,  Ga.,  above  {^olumbus,  survey  of, 

Chattahoochee  River,  Ga.  and  Fla.,  improvement  of. .. 

Cheboygan  Harbor,  Mich.,  improvement  of 

Chester  Harbor,  Pa.,  ice-harbor  at 

Chester  River,  Md.,  improvement  of  at  Kent  Island 
Narrows 

Chicago  Harbor,  Ills.,  improvement  of 

Chicahominy  River,  Va.,  improvement  of 

Chicasahoy  River,  Miss.,  examination  of 

Chippewa  River,  Wis. ,  improvement  of 

Choctawhatchie  River,  Fla.  and  Ala.,  improvement  of. 

Chowan  River,  N.  C,  examination  or 

Cincinnati,  Ohio,  ice-harbor  at 

iClearwater  River,  Idaho,  examination  of... 

Cleveland  Harbor,  Ohio,  improvement  of 

Cocheco  River,  N.  H.,  improvement  of 

Cohansey  Creek,  N.  J . ,  improvement  of 

Cold  Water  River,  Miss.,  examination  of 

Colorado  of  the  West,  survey  of 

Columbia  River,  Lower,  Oreg,,  improvement  of 

-Columbia  River,  Upper,  and  Snake  River,  Oreg,  im- 

Srovement  of 
umbia  River,  Oreg. ,  c  anal  at  Cascades 

Conecuh  River,  Ala,  examination  of 

Conemaugh  River,  Pa.,  examination  of 

Conneaut  Harbor,  Ohio,  improvement  of- 
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Connecticut  River,  above  Hartford,  Conu.,  improve- 
ment of 

Connecticnt  River,  above  Hartford,  Conn.,  survey  and 
examination  of 

Connecticut  River,  below  Hartford,  Conn.,  improve- 
ment of 

Coos  Bay,  Greg.,  examination  of 

Coosa  River,  Oa.  and  Ala.,  improvement  of 

Coosawattee  River,  Ga.,  improvement  of 

Coquille  River^  Oreg.,  exammation  of 

Conpus  Christi  Pass  and  Channel,  Tex.,  examination 

Crescent  City  Harbor,  Cal.,  examination  of 

Cumberland  River,  Ky.,  examination  of  Falls  of 

Cumberland  River,  Tcnn.,  improvement  of 

Current  observations  in  reference  to  torpedo  defense  . . 
Cypress  Bayou,  Tex.,  improvement  of.... 

B. 

Dan  River,  Ya.,  examination  of 

Darien  Harbor,  Ga.  .improvement  of 

Davis'  Island,  Ohio  River,  movable  dam  at 

Defenses,  sea-coast  and  lake-frontier 

Delaware  Breakwater  Harbor 

Delaware  River,  below  League  Island,  survey  of 

Delaware  River,  below  Potty's  Island,  improvement  of. 
Delaware  River,  between  Trenton  and  White  Hill,  N. 

J.,  improvement  of 

Des  Moines  Rapids  Canal,  Mississippi  River 

Detroit  River,  Mich.,  improvement  of 

Dubuque,  Iowa,  improvement  of  harbor  at 

Duck  Creek,  Del.,  examination  of 

Duluth  Harbor,  Minn. ,  improvement  of 

Dunkirk  Harbor,  N.  Y. ,  improvement  of 

Duties  and  rank  of  officers  of  the  Corps  of  Engineers.. 


Eagle  Harbor,  Mich. ,  improvement  of 

East  Chester  Creek,  N.  T. ,  improvement  of 

East  River,  N.  Y. ,  removal  of  obstructions  from 

Echo  Harbor,  New  Rochelle,  N.  Y.,  improvement  of.... 

Elizabeth  River,  N.  J. ,  examination  oi 

Elizabeth  River,  Va.,  improvement  of 

Engineer-depots 

Erie  Harbor,  Pa.,  improvement  of 

Escambia  River,  Ala.,  examination  of 

Etowah  River,  Ga.,  improvement  of 

Etowah  River,  Ga.,  examination  of 

Explorations,  geological,  &c.,  40th  parallel 

Explorations,  geographical,  &c.,  west  of  100th  meridian 

Explorations  and  reconnaissances 

Explorations  and  surveys  in  Division  of  the  Missouri . . . 
Explorations  and  survey's  in  Department  of  Dakota. . 
Explorations  and  surveyer  in  Department  of  the  Platte 
Explorations  and  surveys  in  Department  of  the  Missouri 

Explorations  and  snr^^eys  in  Department  of  Texas 

Explorations  and  surveys  in  Division  of  the  Pacific... 
Explorations  and  surveys  in  Department  of  Arizona  . . . 
Explorations  and  reconnaissances,  estimates  for 

F. 

Fairport  Harbor  (Grand  River),  Ohio,  improvement  of. 
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Falls  of  Saint  Anthony,  Minn.,  preservation  of 

FallA  of  the  Ohio  River,  improvement  of  navigation  at 

Feather  and  Sacramento  Rivers,  Cal.,  improvement  of , 

Flint  River,  Ga.  and  Fla. ,  improvement  of 

Flint  River,  Ga.,  survey  of  Upper 

Flushing  Bay,  N.  Y.,  examination  of 

Fort  Brown,  Tex. ,  protection  of  river  banks  at 

Fort  Leavenworth,  Kans.,  improvement  of  Missouri 
River  at 

Fort  Madison,  Iowa,  improvement  of  harbor  at 

Fort  Smith,  Ark. ,  improvement  of  Arkansas  River  at .. 

Fortieth  parallel,  geological  exploration  of 

Fortifications 

Fourche  la  F^ve,  Ark. ,  examination  of 

Fox  and  Wisconsin  Rivers,  improvement  of 

Frankfort  Harbor,  Mich.,  improvement  of 

French  Broad  River,  N.  C.,  improvement  of 

French  Broad  River,  N.  C,  examination  for  improve- 
ment of. 

O. 

Galena  River  and  Harbor,  HI.,  improvfiment  of 

Galveston  Bay,  ship-channel  in,  improvement  of 

Galveston  Harbor,  Tex.,  improvement  of  entrance  to  .. 

Geographical  explorations  and  surveys  west  of  100th 
merioian  ...« 

Geographical  and  geological  surveys  of  the  War  De- 
partment, information  in  relation  thereto 

Geological  exploration  40th  parallel '. 

Georgetown  and  Washington  Harbors,  D  C,  improve- 
ment of 

Grand  Haven  Harbor,  Mich.,  improvement  of 

Grand  River  ^Fairport)  Harbor,  Ohio,  improvement  of. 

Great  Kanawna  River,  W.  Va.,  improvement  of 

Great  Sodus  Harbor,  N.  Y.,  improvement  of 

Green  Bay  Harbor,  Wis. ,  improvement  of 

Guy andotte  River,  W.  Va.,  improvement  of 
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Hallet's  Point,  destruction  of  reef  at 

Hampton  River,  Va.,  improvement  of 

Harbor  of  refuge.  Lake  Huron 

Harbor  of  refuge,  Sturgeon  Bay  Canal,  Wis... 

Harlem  River,  N.  Y. ,  improvement  of 

Hell  Gate,  N.  Y.,  improvement  of  navigation  at.... 

Hiawassee  River,  Tenn.,  improvement  of 

Hillsboroucch  River,  Fla.,  examination  of  mouth  of. 

Hingham  Harbor,  Mass.,  improvement  of 

Housatonic  River,  Conn., improvement  of 

Hudson  River,  N.  Y. ,  improvement  of 

Humboldt  River,  Cal. ,  examination  of 

Huron  Harbor,  Ohio,  improvement  of 

Hyannis  Harbor,  Mass.,  improvement  of 


I. 

Ice  harl)or  at  Cincinnati,  Ohio,  con&traction  of 

Illinois  River,  improvement  of 

Inside  passage  between  Femaudina  and  Saint  John's 

River,  Fla.,  improvement  of 

Instruments,  receipts  and  issw^s  of 

1. 
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Subject. 


Kanawha  River,  Great,  improvement  of 

Kanawha  River,  Little,  improvement  of 

Kankakee  River,  111.  and  Ind. .  survey  of 

Kansas  River,  examination  or  Missouri  River  at  mouth 

of 

Kansas  River,  Kans.,  examination  of 

Kennebec  River,  Me.,  improvement  of 

Kennebunk  River,  Me. ,  improvement  of 

Kenosha  Harbor,  Wis. ,  improvement  of 

Kent  Island  Narrows,  Md. ,  improvement  of 

Kentucky  River,  Ky.,  survey  of 

Kiskiminetas  River,  Pa. ,  examination  of 

I.. 

La  Crosse,  Wis.,  improvement  of  Mississippi  River  at.. 

Lake  Bayou  Pierre,  La.,  examination  of 

Lake  Cannasanicr,  La. ,  examination  of 

Lake  harbors  and  rivers 

Lakes,  Northern  and  Northwestern,  survey  of 

Laws  of  first  and  second  sessions  Forty-iifth  Congress 
affecting  Corps  of  Engineers- 

Leonardtown  Harbor,  Md.,  improvement  of 

Lewes,  Del.,  construction  of  piers  at 

Licking  River,  Ky.,  examination  of 

Lincolnville  Harbor,  Me.,  survey  of 

Little  Kanawha  River,  West  Va.,  improvement  of.... 

Little  Narragansett  Bay,  R.  I.  and  Conn.,  improve- 
ment of 

Little  River,  Ark.,  examination  of 

Little  Sodus  Harbor,  N.  Y.,  improvement  of 

Long  Island  coast,  N.  Y.,  examination  of,  between 
Rockaway  and  Coney  Island 

Louisville  and  Portland  Canal,  superintendence  and 
management  of 

Lower  Willamette  and  Columbia  Rivers,  Oregon,  im- 
provement of 

Lubeo 'Channel,  Me.,  survey  of 

Ludington  Harbor,  Mich.,  improvement  of 

M. 

Manasquan  River,  N.  J.,  examination  of 

Manistee  Harbor,  Wis.^  improvement  of 

Manitowoc  Harbor,  Wis.,  improvement  of 

Maps,  military,  geographieal,  and  lake  survey...  ... .. 

Maps  of  campaigns  and  battle-fields 

Marcus  Hook  Harbor.  Pa.,  improvement  of 

Marquette  Harbor,  Mich.,  improvement  of 

Matagorda  Bay,  Texas,  improvement  of  entrance  to.. . 

Meeker's  Island,  Minn.,  lock  and  dam  at 

Memphis,  Tenn. ,  protection  of  water  front  of 

Menomonee  Harbor,  Mich,  and  Wis.,  improvement  of. 

Merrimao  River,  Mass. ,  improvement  of 

Michigan  City  Harbor,  Ind.,  improvement  of 

Milfonl  Harbor,  Conn.,  improvement  of...... ..'. 

Milwaukee  Harbor,  Wis.,  improvement  of 

Minnesota  River,  improvement  of j 

MispiUion  Creek,  Del.,  examination  of 

Mississippi,  Missouri,  and  Arkansas  Rivers,  operations 

of  snag-boats  on 

Mississippi  River : 

above  Falls  of  Saint  Anthony,  improvement  of.... 
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Subject. 


Mississippi  River: 

at  Alexandria,  Mo.,  ezamiuation  of 

at  Bloody  Island,  examination  of 

at  Burlington,  Iowa,  improvement  of 

at  Des  Moines  Rapios,  improvement  of , 

at  Dubnque,  Iowa,  improvement  of 

at  Falls  of  Saint  Anthony,  improvement  of 

at  Fort  Madison,  Iowa,  improvement  of 

at  La  Crosse,  Wis.,  improvement  of 

at  Meeker^s  Island,  improvement  of 

at  Quincy,  III.,  examination  of 

at  Hock  island  Rapids,  improvement  of 

at  Venice,  111.,  examination  of 

between  the  mouths  of  the  Illinois  and  Ohio  Riv- 
ers, improvement  of 

from  Des  Moines  to  the  mouth  of  Dlinois  Riv^, 
deepening  channel  of 

from  St.  Paul  to  Des  Moines  Rapids,  deepening 
channel  of 

month  of,  improvement  of  Southwest  Pass 

reservoirs  at  sources  of,  survey  for 

survey  of 

upper,  improvement  of 

Missouri,  Mississippi,  and  Arkansas  Rivers,  operations 

of  snag-boats  on 

Missouri  River : 

above  mouth  of  the  Yellowstone,  improvement  of. . 

at  Atchison,  Kaus.,  improvement  of 

at  Brown  ville,  Nebr.,  examination  of..... 

at  Cedar  City,  Mo. ,  examination  of . . . 

at  Fort  Leavenworth,  Kans.,  improvement  of 

at  junction  of  Kansas  River,  examination  of 

at  Nebraska  City,  Nebr.,  improvement  of 
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at  Omaha,  Nebr. ,  improvement  of 91, 657, 663 


89  649 
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93 
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652 
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at  Plattsmouth,  Nebr.,  examination  of . 

at  Saint  Charles,  Mo.,  examination  of 

at  Saint  Joseph,  Mo. ,  improvement  of 

at  Sioux  City,  Iowa,  improvement  of 

survey  of 

Mobile  Harbor,  Ala. ,  improvement  of 

Moline,  111.,  water-power  at 

Mouongahela  River,  improvement  of 

Monroe  Harbor^  Mich. ,  improvement  of : 

Mouth  of  Mississippi  River,  at  Southwest  Pass,  im- 
provement of 

Movable  dam  at  Davis  Island,  Ohio  River 

Muskegon  Harbor,  Mich.,  improvement  of 

Muskingum  River,  Ohio,  examination  of 

Nansemond  River,  Va.,  improvement  of 

Narraganset t  Bay,  R.  I. ,  improvement  of 

Nebraska  City,  Nebr.,  improvement  of  Missouri  River  at. 

Neches  River,  Tex.,  improvement  of 

Nttuse  River,  N.  C,  examination  of 

New  Bedford  Harbor,  Mass.,  improvement  of 

New  Buffalo  Harbor,  Mich.,  improvement  of 

Newburyport  Harbor,  Mass.,  improvement  of 

Newcastle,  Del.,  ice-harbor  at  

New  Haven  Harbor,  Conn.,  improvement  of 

New  Orleans,  La.,  improvement  of  harbor  at 

Newport  Harbor,  R.  l.,  improvement  of 

New  Kiver,  Va.  and  West  Va.,  improvement  of : 

NewRiveXj'Vft.  aiv«WJ*5»\*N«k,,>s«EN<fe^  oS.  — :^ 
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Subject. 


Nowtowu  Creek,  K.  Y.,  examination  of,  at  Junction 

with  East  Rivur. 

Nomini  Creek,  Va. ,  improvement  of 

Norfolk  Harbor,  Va. ,  improvement  of 

North  Landine  River,  Va. ^  examination  of 

Norwalk,  Harbor,  Conn.,  improvement  of 

O. 

Oakland  Harbor,  San  Francisco  Bay,  CaL,  improve- 
ment of 

Oak  Orchard  Harbor,  N.  Y.,  improvement  of 

Obey 's  River,  Tenn. ,  examination  of 

Occoquan  River,  Va.,  improvement  of 

Ocmulgee  Rive]^  6a.,  improvement -of 

Oconee  River,  Ga.,  improvement  of 

Office  of  the  Chief  of  Engineers 

Officers  of  the  Corps  of  Engineers,  number  of,  daties  of 

Ogdensborg  Harbor,  N.  Y.,  improvement  of 

Ohio  River,  improvement  of 

Ohio  River,  improvement  of  p^alls  of ' 

Olcott  Harbor,  N.  Y.,  improvement  of 

Omaha,  Nebr.,  improvement  of  liissonri  River  at 

Onancock  Harbor,  Va. ,  examination  of. 

Ontonagon  Harbor,  Mich. ,  improvement  of 

Oostenaiila  River,  Ga.,  improvement  of.......^ 

Osage  River.  Mo.,  improvement  of 

Oswego  Harbor,  N.  Y. ,  improvement  of 

Otter  Creek,  Vt.,  improvement  of 

Ouachita  River,  Ark.  and  La.,  improvement  of 

P. 

Pamplico  River,  N.  C. ,  improvement  of 

PascajD^oula  River,  Miss.,  examination  of 

Passaic  River,  N.  J.,  improvement  of 

Pass  Cavallo,  Texas,  improvement  of 

Patapsco  River,  Md. ,  improvement  of 

Patapsco  River,  Md.,  West  Branch,  survey  for  improve- 
ment of 

Patsaligo  River,  Ala. ,  examination  of 

Pawcatuck  River,  R.  I.,  and  Conn.,  improvement  of. .. 

Pawtucket  River,  R.  I.,  improvement  of.. 

Pearl  River,  Miss.,  examination  of 

Pee  Dee  River,  N.  C.  and  8.  C,  examination  of 

Penobscot  River,  Me. ,  improvement  of 

Pensacola  Harbor,  Fla. ,  improvement  of 

Pent  water  Harbor,  Mien. ,  improvement  of 

Pere  Marquette  Harbor,  Mich.,  (see  Ludington) 

Pcjpuimans  River,  N.  C. ,  improvement  of 

PlRtsburgh  Harbor,  N.  Y.,  improvement  of 

Plattsmouth,  Nebr.,  examination  of  Missouri  River  at 

Plymouth  Harbor,  Mass. ,  improvemen  tof 

Port  Chester  Harbor,  N.  Y.,  improvement  of 

Port  Clinton  Harbor,  Ohio,  improvement  of 

Port  Jefferson  Harbor,  L.  I.,  N.  Y.,  improvement  of..., 

Portland  Harbor,  Me. ,  improvement  or 

Port  Orford,  Oregon,  examination  of,  for  harbor  of 
refuge  ,.^ , 

Portsmouth  Harbor,  N.  H. ,  survey  of 

Port-warden's  line  at  Philadelphia 

Port  Washington  Harbor,  Wis.,  improvement  of 

Providence  River,  R.  I, ,  improvement  of 

Pi-ovincetown  Harbor,  Mass.,  improvement  of 
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Subject. 


Public  buildings,  groundB,  and  works,  District  of  Co- 

Inmbia 

Pultneyville  Harbor,  N.  Y.,  improvement  of 


Qnincy,  Ills.,  examination  of  Mississippi  River  at 


Racine  Harbor,  Wis.,  improvement  of , 

Rahway  River,  N.  J.,  examination  of 

Rappahannock  River,  Va,,  improvement  of 

Raritan  River,  N.  J.,  improvement  of 

Reconnaissances  and  explorations 

Red  River,  La. : 

Examination  for  improvement  of  falls  of , 

Examination  of  upper u 

Improvement  of  mouth  of 

Removing  snags  from 

Red  River  Raft,  La.,  removal  of 

Red  River  of  the  North,  improvement  of 

Reservoirs  at  sources  of  Mississippi  River,  survey  for.. 

Richmond's  Island,  Me.,  harbor  or  refuge  at 

Rio  Grande  at  Fort  Brown,  Tex.,  protection  of  river 

banks  of , 

River  and  harbor  improvements 

Roanoke  River,  N.  C,  improvement  of 

Rock  Island  Bridge,  sheer-booms,  at 

Rock  Island  Rapids,  Mississippi  River,  improvement 

of 

Rogue  River,  Ores.,  examination  of 

Rondout  Harbor,  N.  Y.,  improvement  of.... 

8. 


Sabine  Pass,  Tex.,  improvement  of 

Sabine  River,  Tex.,  improvement  of 

Sacramento  and  Feather  Rivers,  CaL,  improvement  of.. 

Sa^naw  River,  Mich.,  improvement  of 

Saint  Anthony,  preservation  of  Falls  of 

Saint  Augustine  Creek,  Ga.,  improvement  of 

Saint  Charles,  Mo.,  examination  of  Missouri  River  at.. 

Saint  Clair  Flats  ship-canal 

Saint  Clair  River  at  the  mouth  of  Black  River,  Mich., 

improvement  of 

Saint  Croix  River,  Me. ,  improvement  of 

Saint  Croix  River,  Wis.,  improvement  of 

Saint  John's  River  and  Femandina,  Fla.,  deei>ening 

inside  passage  between 

Saint  John's  River,  Fla.,  examination  of  upper 

Saint  John's  River,  Fla.,  survey  and  improvement  of 

bar  at  mouth  of 

Saint  Joseph,  Mo.,  improvement  of  Missouri  River  at.. 

Saint  Joseph's  Harbor,  Mich.,  improvement  of 

Saint  Louis  Harbor,  Mo.,  improvement  of 

Saint  Mary's  Falls  Canal,  Mich.,  improvement  of 

Salem  River,  N.  J.,  improvement  of 

Salem  River,  N.  J.,  survey  and  examination  of 

Saline  River,  Ark.,  examination  of 

San  Buenaventura  Harbor,  CaL,  examination  of 

San  Diego  Harbor,  Cal.,  improvement  of 

Sandusky  City  Harbor,  Ohio,  improvement  of 

San  FranciRco  Harbor,  Cal.,  current  observations  in.... 
San  Joa<\mti  Rwex ,  C3b\. ,  *\m^x«N«is!tfSQ\»  ^^ 
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San  Luis  Obispo,  Cal.,  examination  of  harbor  at 

Santa  Barbara  Harbor,  Cal.,  examination  of 

Sangatuck  Harbor,  Mich.,  improvement  of 

Savannah  Harl)or  and  River,  Ga. ,  improvement  of 

Savannah  River,  Ga.,  survey  of  above  Augusta 

Schuylkill  River,  Pa.,  improvement  of 

Scituate  Harbor,  Mass.,  survey  of 

Sea  -coast  and  lake-frontier  defenses 

Seekonk  River,  R.  I.,  improvement  of 

Sheboygan  Harl>or,  Wis.,  improvement  of 

Sheepshead  Bay,  N.  Y.,  examination  of 

Sheer-booms  at  Rock  Island  Bridge,  construction  of .. . 
Ship  Canal  lietwcen  Delaware  and  Chesapeake  bays, 

survey  for 

Ship  Canal  from  Saint  Mary's  River,  Fla,,  to  the  Gulf 

of  Mexico,  survey  for 

Shrewsbury  River,  N.  J.,  improvement  of 

Sioux  City,  Iowa,  improvement  of  Missouri  River  at .. 
Snag-boats  on  Mississippi,    Missouri,   and    Arkansas 

Rivers 

Snake  River,  Washington  Territory,  improvement  of .. 

Sodus  Harbor,  N.  Y.,  Great,  improvement  of 

Sodns  Harbor,  N.  Y.,  Little,  imjirovement  of 

South  Haven  Harbor,  Mich.,  improvement  of 

Southport  Harl>or,  Conn.,  improvement  of ^. 

Southwest  Pass,  improvement  of  mouth  of  Mississippi 

River  at 

Statin   Island,   N.  Y.,  improvement  of  New    Jersey 

Channel 

Staunton  River,  Va. ,  examination  of 

Stonington  Harbor,  Conn.,  improvement  of.  

Sturgeon  Bay  Canal,  Wis.,  harbor  of  refuge  at 

Superior  Bay  and  entrance.  Wis.,  improvement  of 

Purvey  of  northern  and  northwest^jm  lakes  and  of  the 

^fississippi  River 

"Surveys  and  examinations  for  improvement  of  rivers 

and  harbors,  estimates  for 

Surveys  and  explorations  40th  parallel 

Surveys  and  explorations  west  of  the  100th  meridian.. 
Surveys  of  the  Territories  of  the  United  States : 

Infonnation  in  relation  thereto 

Views  of  tho  War  Department  in  relation  thereto  . 

Sawamnee  River,  Fla.,  examination  of 

Swanton  Harbor,  Vt.,  improvement  of 
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Tallahatchie  River,  Miss.,  examination  of....^ 

Tampa  Bay,  Fla.,  examination  of 

Tangipahoa  River,  La.,  examination  of 

Tar  River,  N.  C,  examination  of 

Taunton  River,  Mass. ,  improvement  of 

Tennessee  River  above  Chattanooga,  improvement  of. 
Tennessee  River  below  Chattanooga,  improvement  of. 

Thames  River,  Conn.,  improvement  of  •. 

Thames  River,  Conn.,  survey  of 

Thunder  Bay  River,  Mich.,  improvement  of  mouth  of. 

Thunderbolt  River,  Ga.,  improvement  of 

Toledo  Harbor,  Ohio,  improvement  of 

Tombigbee  River,  Ala.,  improvement  of 

Tone's  Bayou,  La.,  closing  of 

Tone's  Bayou,  La. ,  examination  of 

Torpedo  defense 

Transportation-routes  to  the  seaboard  : 

Report  on  character  and  origin  of  bars  on  tlie  Mla- 
aissippi 
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Two  Riven  Hmr bur,  Wis.,  iinproyeiiienl  of, 

V. 
Upp^r  Colmuliia  ind  Snake  Kiv«r«,  Oreg.  uid  Wash. 
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B4 
115 

138 
9G 
137 

95 
129 

S8 

109 

es 

Vi* 
46 

TO 
i:» 
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u 

121 
109 
65 

137 
135 
«0 
131 
117 
63 
51 

75 
95 

613 
703 

637 

831 
623 

S36 

501 

646 
061 

451 
435 

636 

1136 
1330 

l-%6 

laso 

IKO 

1206 

1319 
1325 
1291 

1271 
1168 

L'l-per  Willkiaette  River,  Orrgon,  improveoieiit  of 

T. 

Venice.  Ills.,  axkmiiiatinn  of  Miwi»<ippi  Biver  at 

Vermillion  Harbor,  Ohio,  improvement  of 

W, 

Wabash  River,  lod.,  improvement  of 

Wflthita  Kiver,  Aifc.amlLa.,  improvement  of 

Waddington  Harbor,  N.Y.,  improvement  of. 

Wareham  Harbor.  Mass..  improvement  of 

Wanhiugton  aoil  Georgetown  Harbors,  D.  C,  improre- 

Wa-hinRton  Aquediiet,  D.  C 

Wrtter  conimanicaiton  between  Gulf  of  Mexico  and 

Water  commnniiation  between  Norfolk.  Va.,  and  the 

Atlantic  Oeean  M>iith  of  Hatteras.  giirieir  for 

W.iter-panjies  on  Mimiiwippi  River  ami  tributaries 

White  River  at  Buffalo  f-hoaKArk..  improvemeut  of-- 

White  River,  Ind..  eiamiuation  of. 

Wicomico  River.  Md.,  improvement  of 

^^'illamette  River,  Lower,  Oreg.,  improvement  of 

Willamette  Hivcr,  I'pper,  Oreg.,  improvemem  of 

Wilmington,  Cal.,  conxtrnct ion  of  breakwater  at 

T. 
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